
Annals of Warsaw  University of Life Sciences - SGGW 
Forestry and Wood Technology № 84, 2013: 71-74 
(Ann. WULS - SGGW, For. and Wood Technol. 84, 2013) 
 
Chosen aspects of degradation of spruce wood used in outdoor conditions 
 
BARTŁOMIEJ RĘBKOWSKI, KRZYSZTOF J. KRAJEWSKI 
Department of Wood Science and Wood Preservation, Faculty of Wood Technology, Warsaw University of Life 
Sciences 
 
Abstract: Chosen aspects of degradation of spruce wood used in outdoor conditions. During renovations of 
wooden façade of SGGW resort ‘Marymont’ building severe, zonal discolorations was observed. The magnitude, 
form and shape of these discolorations indicates that there is connection between color change intensity and 
exposure of wooden elements to the direct affection of weather factors. Observed color change leads to 
degradation of aesthetic and representative values of the building. The mechanisms of wood color change caused 
by weather factors will be presented in this paper. 
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INTRODUCTION 
  Spruce wood is one of the most popular materials in Poland used for wooden 
buildings, facades, shingle or other wooden products used in outdoor conditions. It is mainly 
used in southern and north-eastern Poland, although it becomes more and more popular in 
other regions. The properties, accessibility, low price and tradition of wooden buildings are 
the main reasons of its popularity. 
 Color stability of wood used in elevations is one of the most important characteristics 
of buildings aesthetics. Preservation of natural color of wood during its exposure to climate 
conditions is very difficult. It is especially hard in case of buildings made entirely from spruce 
wood, due to lack of differences in looks of its sapwood and heartwood. Review in the 
literature shows lack of sufficient data to support the diversification of resistance of sapwood 
and heartwood to weather conditions, such as color stability, particularly in relation to the 
Polish climate. 
 The most important aspects of surface degradation of wood used in outdoor conditions 
will be presented in this paper. Wood discoloration of building of SGGW resort ‘Marymont’ 
in Kiry will be discussed. 
 
DISCUSSION 
 Wood used in outdoor conditions is slowly eroded by action of weather agents on the 
surface of wood. The rate of erosion was defined by Williams et al. (2001), and it is about 4,5 
mm per 100 years. As Feist and Hon (1984), Feist (1990), Williams and Knaebe (2001), 
Tolvaj and Mitsui (2005), Jankowska (2013) show, the most important factor of degradation 
of wood used in outdoor conditions is solar radiation, particularly the ultraviolet light. The 
UV radiation reaching the surface of wood is mostly absorbed by lignin, which leads to its 
degradation. Cellulose and hemicellulose are not good absorbents of UV light (Feist and Hon 
1984, Hon et al. 1986, Feist 1990). The initial color change of wood exposed to UV radiation 
is yellowing or browning. Ultimately it leads to greying of wood surface. This process is 
strictly surface phenomenon and is called the photodegradation of wood. The UV light 
penetrates wood surface only to a small depth. The research of Browne and Simonson (1957) 
indicates that the discoloration of wood caused by UV light reaches a depth of about 2,5 mm. 
Later research (Hon and Ifju 1978, Hon 1991) shows that the penetration of wood surface by 
UV radiation is only about 75 µm. As Arnold et al. (1991) noticed that the effect of irradiation 
of UV light alone, even at high humidity, leads only to browning of wood surface. It can be 

 71



explained by the fact that lignin degradation products accumulates on wood surface creating a 
barrier, which protects the deeper layers of wood, preventing further degradation. In this 
research the raining of irradiated wood samples was applied in order to remove lignin 
degradation products. Water, except the ability to wash out the degradation products, cause 
the contraction and swelling of wood. The rapid change in moisture content causes that the 
surface contract and swell at a different rate than its inner part. The stress between inner and 
surface parts of wood, caused by different rates of swelling and contraction, may lead to 
cracks formation. Dust and dirt gather in those cracks causing reduction of aesthetic value of 
wood, and greying of the surface (Hon et al. 1986). 
 Spruce heartwood is unstained, so the sapwood distinction is difficult. Norm EN 350 – 
2 states that there are no differentiation between spruce sapwood and heartwood. Blom and 
Bergström (2006) compare Scots pine (Pinus sylvestris) sapwood and heartwood with 
Norway spruce (Picea abies) juvenile and mature wood. The research indicates that both 
types of spruce wood have similar moisture content patterns as pine heartwood, although 
spruce moisture content values are a bit higher. For that research the samples of spruce wood 
containing both sapwood and heartwood were used. The authors suggest that the study used 
samples containing both sapwood and heartwood, although contrary to expectations, that fact 
did not affect the results. Authors also point out that the spruce juvenile wood was much more 
susceptible to discoloration caused by biological factors. The research of Tolvaj and Mitsui 
(2005) indicates that Norway spruce sapwood exposed to UV irradiation has great rates of 
discoloration. The color change of sapwood samples exposed to UV light in chamber with 
xenon lamps could be observed after only five hours of irradiation.  
 
OBJECT OF RESEARCH 
 ‘Marymont’ resort is placed near Kościeliska valley in western Polish Tatry 
mountains. Resort has been used since 2006, although its main construction has been raised in 
2004. The aim of the architects was to maintain the natural, wooden color of façade and 
decorative motifs. For that reason all wooden exterior elements has been covered with 
protective and decorative coating system. There have been severe graying of wooden 
elements and multiple black stains appearance every year since the beginning of building 
existence. Every year, through initial years, damaged coating systems and discolored wood 
surface has been mechanically removed and protected with new coating systems. Shingle of 
main and side roofs has been protected with coating only originally. The research on 
composition of protective and decorative coatings have been performed at site since 2010. 
The main goal of this research is to find the most effective in time composition of 
preservatives that could maintain natural color of spruce wood. 
 Main construction of the building is made from brick and concrete. The lower part of 
elevation and all terraces has been made from sandstone. Other parts of elevation have been 
made from spruce wood. The wooden façade imitates the form of traditional local houses built 
in log construction. There are twelve counterforts covered with spruce boards around the 
building. Also railings and handrails have been made from spruce. Shingle s of main and side 
roofs have been made from cut spruce boards. 
 The grey discolorations as well as black stains from mold and stain fungi are present 
on all elements of façade. The discolorations on one element have different intensity and can 
be divided into three zones. The most intense color change, uniform for whole zone, can be 
observed in the lowest part of every element. This first zone is about 0,5 – 1,0 m high, and is 
located directly above the foundation or terrace. Second zone, located above first one, is also 
uniformly discolored, although the color change is weaker. Third zone is located at the top of 
the elements. The thickness of this zone is about 0,5 – 1,0 m, and is correlated with width of 
the eaves. There are no wood discolorations in this zone. The boundary between first and 
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second zone is blurred (figure 1). The boundary between zones two and three is clear and easy 
to trace. In addition moisture and salt stains may be observed on many elements. 
 

 
Figure 1. Wood grey discoloration on one of the counterforts 

 
 The presence and arrangement of discolorations and stains indicates that the most 
severe color change appears on surfaces where water and sunlight cooperates. The bottom 
part of wooden elevation has the worst conditions. Elements in that zone are soaked by rain 
water and water reflected from terraces and foundation. The middle, second zone is also 
exposed to direct sunlight and rain, and has severe discolorations. Color change in that zone is 
weaker because of lack of water reflected from stone elements of façade. Third zone is 
shielded from direct exposure to sunlight and rain. In that zone there are no color changes 
except for minor darkening of the surface. During renovations some of the shingles has been 
mechanically cleaned. Differences in color between sapwood and heartwood was observed. 
Discoloration of heartwood part of a shingle is strictly surface phenomenon and can be easily 
removed. Discoloration of sapwood part of a shingle reaches deep and is almost impossible to 
remove. This may indicate on biological infection.  
 Shingles on main and secondary roof are completely stained in gray. The fungal 
deterioration can be observed. According to information from staff the most recent installed 
shingles has become completely stained in grey during first year outdoor exposition.  
 Façade shows that in places where the associated sunlight and water directly affect the 
surface of wood, changes in color are the greatest. In addition, in the bottom part of wooden 
elevation, where increased moisture content maintain for a long time, the mold and stain fungi 
appears.    
 
CONCLUSIONS 
 
 Façade of SGGW resort ‘Marymont’ shows severe local discoloration. The 
arrangement of these changes is zonal. Color changes of timber are correlated with its location 
and the construction of roofs and eaves. Elements directly affected by associated sunlight and 
rain shows the most severe change in color. Elements protected by eaves and side roofs shows 
no change in color.  
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Streszczenie: Wybrane aspekty degradacji drewna świerkowego stosowanego w warunkach 
zewnętrznych. W trakcie renowacji i konserwacji drewnianych elewacji ośrodka 
wypoczynkowo-szkoleniowego SGGW ‘Marymont’, stwierdzono  występowanie strefowych 
zmian barwy drewna. Wielkość, forma oraz układ przebarwień wskazują na istnienie związku 
między intensywnością zmian barwy ze stopniem narażenia danego elementu na bezpośrednie 
oddziaływanie czynników atmosferycznych. Występujące przebarwienia zdecydowanie 
obniżają jakość estetyczną budynku, który w założeniu ma pełnić funkcję reprezentacyjną. W 
niniejszym artykule zostaną omówione mechanizmy przyczyniające się do zmian barwy 
drewna pod wpływem czynników atmosferycznych. 
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