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Influence of some wood characteristics on the variation of moisture 
content in outdoor exposed coated Norway spruce panels 
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ABSTRACT: A field test of coated spruce was exposed outdoors during three years, measuring the influence of wood 
characteristics on the variation of moisture content in coated panels. Wood samples had following characteristics: fast-
grown or slow-grown wood, heartwood or sapwood. Three different film-forming coatings were tested and all samples were 
exposed above ground on racks. The measured moisture contents were evaluated using the statistical method Principal 
Component Analysis (PCA). The moisture content of the coated samples was clearly influenced by wood characteristics; 
fast-grown wood had higher moisture content and higher moisture fluctuation than slow-grown wood in each respective 
coating system. The choice of coating system also affects the wood moisture content. The result indicates that in order to 
achieve low moisture content- excluding the effectiveness of coatings, wood characteristics should also be considered. 
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1 INTRODUCTION 123 
Research has been made for many years on the natural 
durability of Norway spruce (Picea abies (L.) Karst) 
related to wood characteristics. For example, sapwood of 
spruce has a faster water uptake and is more readily 
attacked by fungi than heartwood [1, 2]. Similar result was 
found by Vestøl et al. where different heartwood ratio and 
growth rings orientation explained the difference of  water 
absorption for uncoated spruce exposed to liquid water [3].  
Heartwood also played a difference in capillary water 
uptake and rate of void filling [4]. The level of water 
uptake in wood is very important for the durability of the 
material as high moisture leads to microbial attack and 
damage by, for example, mould and rot fungi. Today most 
of outdoor wood applications like claddings have some 
kind of coating on the surface.  Findings for uncoated 
samples raised the question if the dynamics of moisture 
content for coated samples and hence the durability is also 
affected by wood characteristics.  
Several researchers have been approaching this field like 
Ekstedt when he studied the influence from a coating 
system on the moisture dynamic of spruce [5]. Other have 
studied the sorption behaviour of coated wood with the 
conclusion that moisture transportation depends on the 
specific combination of wood species and coating [6]. 
Sivertsen et al. tested coated spruce claddings subjected for 
liquid water exposure with the conclusion that there were 
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higher amount of absorbed water for fast-grown spruce [7]. 
Unfortunately the presence of heartwood was not defined 
in the study by Sivertsen et al. arguing that no difference in 
the diffusion coefficient had previously been found for 
uncoated heartwood and sapwood [8].  
The aim of this test is to study the influence of heartwood, 
sapwood, fast-grown and slow-grown wood on the 
variation of moisture content in outdoor exposed coated 
spruce. This test has three different water based coating 
systems (A, B, C).  
 
2 MATERIAL AND METHOD 

2.1 WOOD MATERIAL 

From the area of Växjö, Sweden 23 logs of Norway spruce 
(Picea abies (L.) Karst) were selected from two stands and 
freshly cut for this experiment. One stand was fast-grown, 
according to Swedish conditions, with growth ring width 
measured to be above 4 mm and a density between 300-
500 kg/m3 at 12% moisture content (MC). The other was 
slow-grown with a growth ring width measured to be 
below 4 mm and a density between 400-600 kg/m3 at 12% 
MC. At the time of felling, the sapwood border was 
marked on each log.  
The logs where sawn at sawmill to 25 mm and 50 mm 
thickness. The different thicknesses of the planks where to 
achieve maximum material output from each log. The 
planks were selected to be free from knots, cracks and 
resinous streaks. They were straight-grained with 
horizontal oriented growth rings with following variables, 
fast/slow-grown wood and heart/sapwood. The planks 
where dried in an industrial kiln with a maximum 



temperature of 70°C to MC by dry basis of approximately 
17%.  
The dried material where downsized with a band saw to a 
sample size of 20x100x375 mm. The longest dimension 
(375 mm) was parallel to longitudinal direction of the log. 
All surfaces were planed to a smooth and uniform finish. 
Acclimatization were made for the samples to a MC of 
about 12%  in a climate chamber at 20°C and 65% relative 
humidity (RH) prior coating application.  

2.2 COATING SYSTEMS 

The samples were coated with three different water borne 
film-forming coating systems with the colour NCS 5040-
Y80R. The primer was either made of alkyd or alkyd-
acrylic. The topcoats were made of acrylic, alkyd or an 
alkyd-acrylic hybrid. Combination of primer and top 
coatings are shown in Table 1.  
 
Table 1: A description of the coating systems 

Coating 
system 

Primer Top coat 

A Alkyd Alkyd-Acrylic 
hybrid, 2 layers 

B Alkyd-
Acrylic 

Acrylic, 2 layers 

C Alkyd Alkyd, 2 layers 
 
All samples were coated on the bark side with the width of 
100 mm and on side faces and end-grains. The pith sides of 
the samples were left uncoated. The coating was done 
according to the manufacturers’ recommendations 
regarding layers, thickness and drying. All samples were 
coated with one layer of primer and two layers of top coat.  
The samples were dried between each layer at 20°C and 
65% RH. A total of 90 samples were made with 5 replicas 
of each combination.  

2.3 EXPOSURE 

Samples were exposed outdoors during three years 
beginning in June 2009. The place where at Asa research 
station, 40 km north of Växjö, Sweden. The samples were 
hung on racks vertically on a 45-degree inclination to the 
south as shown in Figure 1. A small plastic bar supported 
the samples on the backside and a hook on the backside 
was used to hang the samples. No additional roof or wall 
covered the samples. 
 

 
Figure 1: Experimental setup 

2.4 EVALUATION 

The samples were weighed on a regular interval of 16 
occasions from July 2009 - August 2012. The weights 
were measured with an accuracy of 0.1g. The moisture 
content of the samples was calculated from the weight.  

2.5 DATA ANALYSIS 

Moisture content in wood depends on different wood 
characteristics in correlation with each other. Interpretation 
of results with measurements from several occasions and 
finding the variables with highest impact can be hard using 
traditional statistical methods. This paper used Linear 
regression and Principal Component Analysis (PCA) [9] as 
evaluation methods. Researchers in many areas have found 
use of PCA method when studying systems with a 
complex correlation between parameters.  Studies using 
PCA in wood related topics have been used before, like in 
discrimination of coatings on wooden materials [10], in a 
combined view on composition, molecular structure and 
micromechanics of degraded wood [11] and FT-IR 
microscopy on softwood cell walls [12].  
The PCA method simultaneously analyses multiple 
measurements on each object and decomposes the data into 
a few principal components (PC). In this experiment, input 
data for evaluation were MC and mean MC, variables were 
coating systems (A,B,C), fast/slow-grown wood and 
heart/sapwood. Results from the evaluation are illustrated 
by two correlated plots, the loading plot and the score plot. 
A loading plot describes the correlation between the 
principal component and the original variable. A high 
value on X-axis of the loading plot (max=1) means that the 
component is positive aligned (high MC) with the original 
mean MC, a close to zero value shows there is no 
influence. A low value (min=-1) indicates an opposite 
influence. A score plot illustrates if there are correlations 
between variables. Variables will be visualized in groups 
or trends on the score plot. The multivariate analysis was 
performed with Simca 13.0 and Modde 9.1 (Umetrics). 



The multivariate model could also be rewritten as a linear 
regression model with variables according to Equation (1) 
below: 
 

𝑌𝑌 = 𝑌𝑌𝑚𝑚 + 𝑋𝑋𝑋𝑋 + 𝐹𝐹     (1) 
 
where Y = MC, Ym = mean MC, X = variable, k = linear 
coefficient and F = error factor for the variable  
 
3 RESULTS AND DISCUSSIONS 

3.1 MEAN MOISTURE CONTENT 

Five parameters (fast/slow-grown wood and coating 
systems A, B and C) were analysed regarding the deviation 
from mean MC for all samples.  
The deviation from mean MC is visualised in Figure 2. 
Parameters close to the origo of the loading plot have 
minor deviation from mean MC. In the peripheral area of 
the loading plot one can find parameters fast-grown, slow-
grown, coating system B and coating system A. These four 
parameters had largest deviation from mean MC. The 
parameters coating system C, heartwood and sapwood had 
less deviation from mean MC. The model in Figure 2 can 
also be rewritten as a linear regression model according to 
Equation (1). Figure 3 compares the coefficient k for each 
variable. Positive k value relates to a higher MC than mean 
MC and the opposite for negative k values. Variables with 
negative coefficient and hence low MC were slow-grown 
wood and with coating system A. 
The result in Figure 3 showing minor impact from 
heart/sapwood is different compared to previous findings, 
where uncoated samples of sapwood gained higher MC 
compared to heartwood [1]. One could expect similar 
findings for coated samples in this test when the backside 
of the samples are left uncoated and open for moisture 
communication with the surroundings. One explanation to 
the difference between coated and uncoated material is 
suggested by van Meel et al. [6], who discussed the 
possibility of the small pits in spruce being clogged with 
pigment particles and decrease the differences between 
aspirated heartwood and non-aspirated sapwood. It seems 
like the liquid water uptake differences given by 
heartwood and sapwood [13] are diminished when adding 
a coating on a wooden surface. Instead the variable of 
fast/slow-grown wood  plays a larger impact on moisture 
dynamic according to previous findings by Sivertsen et al. 
about liquid water uptake on coated wood [7]. De Meijer et 
al. concluded that the capillary flow only influenced the 
sorption behaviour very close to the surface of a coated 
wood [14]. In addition the fiber saturation point (FSP) of 
spruce sapwood is around 45% MC when determined by 
NMR [15] and around 30% MC  as a general FSP for all 
wood. Since the MC for all coated samples in Figure 9 is 
below 35% with a majority of the measurements below 
30% MC, the moisture dynamic in the samples is mainly 
diffusion dominated according to Bergström et al. and 
Kollman et al. [8, 16] and this could explain why no 

differences could be seen between heartwood and 
sapwood. 
.  

 
Figure 2: Loading plot of mean moisture content correlated 
to Figure 4 and Figure 5. Figure abbreviations: 
H/S(S)=sapwood, H/S(H)=heartwood, Fast/Slow(S)=slow-
grown wood, Fast/Slow(F)=fast-grown wood. 

 

 
Figure 3: Linear regression coefficient of the variables X. 
Figure abbreviations: H/S(S)=sapwood, H/S(H)=heartwood, 
Fast/Slow(S)=slow-grown wood, Fast/Slow(F)=fast-grown 
wood. 

The score plot in Figure 4 and Figure 5 are the same plot 
but coloured with different variables. The model used a 
mean value from 5 replicates for each variable. The plot 
gained a difference between real data and model (R2) of 



0.64 and a predictive ability (Q2) of 0.62. Maximum level 
of R2 and Q2 is 1.00, which equals to no difference 
between real data and model (R2) and 100% correct 
prediction ability (Q2) for using the model. Values above 
0.5 are generally considered to be good enough. 
In Figure 4, systems A, B and C are grouped individually 
which indicate a different impact from the coating systems 
on the MC. The group representing coating system A with 
an alkyd primer and hybrid Alkyd-Acrylic topcoat are 
most far on the score plot Figure 4, from the position of the 
mean MC marker on the loading plot Figure 2, meaning it 
had lowest MC relative other coating systems. Grading 
MC for the coating variables starts with lowest MC for 
coating A, followed by coating system C with an alkyd 
primer and alkyd topcoat and highest MC for coating 
system B with an alkyd-acrylic primer and acrylic topcoat. 
In previous natural weathering studies a solvent born alkyd 
coating system on panels made of Scots pine sapwood 
(Pinus sylvestris L.) gained lower MC compared to a water 
based alkyd primer and acrylic topcoat [17]. The highest 
moisture content was expressed in system B which is the 
only coating system in this study with acrylic component 
both in the primer and in the topcoat. These results are 
similar to previous findings by other researchers [5, 17] 
where an acrylic based topcoat had the highest level of 
MC.  
 

 
Figure 4: Score plot comparing deviation from mean MC. 
The same score plot as Figure 5 but coloured according to 
coating system A, B and C. Values of mean moisture 
content from 5 replicates. This figure correlates to loading 
plot in Figure 2. 

The more interesting part is when comparing with Figure 5 
coloured in groups of fast/slow-grown spruce samples. 
These two groups are visually separated from each other 
on the plot which indicates there are differences in MC 
related to wood characteristics of fast/slow-grown spruce. 

Fast-grown spruce had higher MC when comparing the 
score plot with the loading plot in Figure 2. So within each 
coating system, the underlying wood characteristic 
contributes to the moisture dynamics of the sample. A 
combination of the plots in Figure 4 and Figure 5 gives 
that the combination of coating system A and slow-grown 
spruce performs the lowest MC. Still the results need to be 
interpreted as indicative since technical data for each 
coating system is incomplete. One can only see the trends 
where slow-grown spruce performs lower MC compared to 
fast-grown spruce for all coating systems. 
 

 
Figure 5: Score plot comparing deviation from mean MC. 
The same score plot as Figure 4, but coloured according to 
fast-grown (F) and slow-grown wood (S). This figure 
correlates to loading plot in Figure 2. 

3.2 MOISTURE FLUCTUATION  

PCA model is made on the MC fluctuation (drying and 
wetting equilibrium with surrounding environment) for 90 
samples measured during 16 occasions from July 2009 - 
August 2012. The model is visualised with different 
colours in Figure 6 and Figure 7. The model gained a R2 of 
0.79 and a Q2 of 0.66 which is a good value.  Maximum 
level of R2 and Q2 is 1.00, which equals to no difference 
between real data and model (R2) and 100% correct 
prediction (Q2). The pattern from Figure 6 and Figure 7 
indicates different MC fluctuation dynamics for different 
variables. Samples in the figures can be divided in groups 
of coating systems A, B, C, slow/fast-grown spruce similar 
to the model for mean MC in Figure 4 and Figure 5.  
Studying MC fluctuation dynamics, samples with coating 
B have a higher MC for all measured occasions in Figure 
8. In Figure 9, samples with fast-grown spruce had larger 
MC fluctuations with higher MC gain than slow-grown 
spruce with increasing MC and higher MC loss with 
decreasing MC.  



The MC dynamics of system B correlates to previous 
finding by J. Ekstedt [5] where acrylic binders had a higher 
water absorption compared to alkyd binders.  
 

 
Figure 6: Score plot coloured according to coating system 
A, B and C. Evaluating moisture content fluctuation on 
individual samples. 

 

 
Figure 7: The same score plot as Figure 6 coloured 
according to wood material, fast-grown (F) and slow-grown 
(S). 

The diversion of fast-grown and slow-grown spruce within 
each coating system can also be seen when combining 
Figure 6 and Figure 7. It indicates that independent on 
coating system, there is an impact from wood 
characteristics on MC fluctuation.  

 

 
Figure 8:  Moisture fluctuation over time of the mean value 
from 5 replicates with the combination of fast-grown 
sapwood coated with system A or B. 

 

 
Figure 9: Moisture fluctuation over time of the mean value 
of 5 replicates with the combination of fast/slow-grown, 
heartwood, and coating system C. 

 
4 CONCLUSIONS 
Heartwood and sapwood characteristics play a difference 
in water uptake for uncoated spruce samples. Similar 
behaviour was expected for coated spruce samples but no 
proofing evidence was found in this test. In fact; the results 
indicates fast-grown and slow-grown wood characteristics 
as the ones influencing the moisture content and the MC 
fluctuations for coated spruce panels. Fast-grown wood 
had higher gain of moisture content and higher fluctuation 
compared to slow-grown wood. The choice of coating also 
influenced the moisture. Heartwood, sapwood had no 
influence on the moisture content. The results in this study 
indicate that when using a film-forming paint, slow-grown 
wood with no difference in heartwood and sapwood can be 
used in order to get low moisture content.  
 



ACKNOWLEDGEMENTS 
The authors’ wishes to thank SVEFF, The Swedish Paint 
and Printing Ink Makers Association, and the paint 
manufacturers involved in this project. A special thanks to 
Mikael Bergström for help with the statistical analysis and 
Jonaz Nilsson, Linnaeus University, for help preparing 
samples and with collecting data at the research field. 

  

REFERENCES 
[1] Bergström, M.A., et al.: Durability and Moisture 

Dynamics of Norway spruce (Picea abies) 
heartwood and sapwood. In: Woodframe Housing 
Durability and Disaster Issues Conference, 2004.  

[2] Blom, Å., T. Thornqvist, and M. Bergstrom: 
Outdoor exposure of untreated Scots pine (Pinus 
sylvestris L.) and Norway spruce (Picea abies (L.) 
Karst.) wood samples. Wood Material Science 
and Engineering, 5(3-4):204-210. 2010. 

[3] Vestøl, G.I. and M.S. Sivertsen: Effects of 
Outdoor Weathering and Wood Properties on 
Liquid Water Absorption in Uncoated Norway 
Spruce Cladding. Forest Products Journal 
61(5):352-358. 2011. 

[4] Sivertsen, M.S. and G.I. Vestøl: Liquid water 
absorption in uncoated Norway spruce (Picea 
abies) claddings as affected by origin and wood 
properties. Wood Materials Science and 
Engineering, 5(3):181-193. 2010. 

[5] Ekstedt, J.: Influence of coating system 
composition on moisture dynamic performance of 
coated wood. Journal of Coatings Technology, 
75(938):27-37. 2003. 

[6] van Meel, P.A., et al.: Moisture transport in 
coated wood. Progress in Organic Coatings, 
72(4):686-694. 2011. 

[7] Sivertsen, M.S. and P.O. Flæte: Water absorption 
in coated Norway spruce (Picea abies) cladding 
boards. European Journal of Wood and Wood 
Products, 70(1-3):307-317. 2012. 

[8] Bergström, M. and Å. Blom: Differences in 
properties between Norway spruce (Picea abies) 
heartwood and sapwood. Part 2. Vapour and 
Liquid permeability. In: Wood protection 
Conference, 2007.  

[9] Joliffe, I.T.: Principal Component analysis. 
Springer, 1986. 

[10] Maciejewska, M., K. Kolodziejczak, and A. 
Szczurek: Discrimination of coatings on wooden 
materials using the gas sensor system. Talanta, 
68(1):138-145. 2005. 

[11] Wagner, L., et al.: A combined view on 
composition, molecular structure, and 
micromechanics of fungal degraded softwood. 
Holzforschung, 69(4):471-482. 2015. 

[12] Hori, R. and J. Sugiyama: A combined FT-IR 
microscopy and principal component analysis on 
softwood cell walls. Carbohydrate Polymers, 
52(4):449-453. 2003. 

[13] Sandberg, K.: Modeling water sorption gradients 
in spruce wood using CT scanned data. New 
Zealand Journalof Forestry Science, 36:347-364. 
2006. 

[14] de Meijer, M. and H. Militz: Moisture transport in 
coated wood. Part 1: Analysis of sorption rates 
and moisture content profiles in spruce during 
liquid water uptake. Feuchtetransport in 
beschichtetem Holz. Teil 1: Analyse der 
Sorptionsraten und Holzfeuchte-Profile in 
Fichtemholz während der Aufnahme von Wasser., 
58(5):354-362. 2000. 

[15] Telkki, V.V., M. Yliniemi, and J. Jokisaari: 
Moisture in softwoods: fiber saturation point, 
hydroxyl site content, and the amount of 
micropores as determined from NMR relaxation 
time distributions. Holzforschung, 67(3):291-300. 
2013. 

[16] Kollmann, F.F.P. and W.A. Côté: Principles of 
wood science and technology. Berlin : Springer-
Verlag, 1968, 1968. 

[17] Grüll, G., et al.: Moisture Conditions in Coated 
wood Panels During 24 Months Natural 
Weathering at five Sites in Europe. Wood 
Material Science & Engineering, 8(2):95-110. 
2013. 

 
 


	1 INTRODUCTION 0F 1F 2F
	2 MATERIAL AND METHOD
	2.1 WOOD MATERIAL
	2.2 COATING SYSTEMS
	2.3 EXPOSURE
	2.4 EVALUATION
	2.5 DATA ANALYSIS

	3 RESULTS AND DISCUSSIONS
	3.1 MEAN MOISTURE CONTENT
	3.2 MOISTURE FLUCTUATION

	4 CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

