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This scientific report refers to the work developed by the subscriber under the frame of the
COST Action FP1006 ‘Bringing new functions to wood through surface modification’. The
scientific mission was hosted by the Norwegian Forest and Landscape Institute from As,
Norway, for two weeks, from 19.03.2012 to 01.04.2012.
The report comprises the following parts:
- The initial working plan with specific objectives and the changes that occurred.
- Description of each task (objective, material and method, results or achievements)
- Scientific and cultural visits
- Future collaboration and joint publications.
The initial working plan with specific objectives and the changes that occurred
Three main objectives, related to the surface properties of wood claddings for outdoor use,
were proposed to be fulfilled in this mission, and a fourth one was then attached:
1. Determining the capillary water uptake of wood by using an adapted method based
on DIN 52617 standard.
Notice: This experiment started earlier in March and it was already fulfilled by a
Master student from Gottingen (Stefanie Herzog).
These samples were then subjected to drying and they were prepared for
roughness measurement by using the Mahr Surf M400 device.
2. Evaluation of surfaces roughness – analysis of the surfaces by using the
perthometer Mahr Surf M400.
Notice: The roughness measurements started with the samples achieved as
mentioned above.
3. Evaluation of fungal penetration into treated wood surfaces under outdoor exposure
conditions by using microscopy.
Notice: The fungal penetration into treated wood surfaces subjected to outdoor
weathering was evaluated by using a stereo microscope.
4. A new objective was attached : FT-NIR observations on own veneer samples made
of four wood species (black alder, cherry, birch and maple) which were previously
exposed to sunlight and darkness under indoor conditions for several months.
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Evaluation of surfaces roughness

Introduction
The weathering process is conducted by a complex combination of chemical, mechanical
and energy factors, that leads to the wood degradation and this is manifested by an initial
colour change, followed by loss of gloss, roughening and checking1.
The experiment presented within this section represents a part of a wide study project2
focused on wood outdoor natural weathering when using different preservation treatments
applied to wood. The objective of this joint research is to investigate the behaviour of
modified wood surfaces under different climatic conditions.
Wood is an unisotropic and heterogeneous material. The roughness of wood is also a
complex phenomenon due to these features. It is influenced by several factors such as
anatomical differences, growing characteristics, machining properties of wood, diverse
treatments and among them the pre-treatments applied to wood before weathering should
be considered for further wood surface evaluation.

Objective
The objective of the present study was to measure the initial roughness of surfaces
already subjected to different impregnations. This represents the first roughness
evaluation before starting the weathering process outdoor, for 1 year, between April 2012
up to September 2013, under different exposure angles and orientations, in two locations,
namely Gottingen/Germany and As/Norway. A visually evaluation of mould growth and
cracks will be also performed after several months. The roughness measurements will be
repeated after several months of outdoor natural weathering.

Material and method
Initial preparation
Samples made of Scots pine (Pinus sylvestris L.) were prepared for this study at the
following dimensions: 200 x 50 x 10 mm.
It has to be mentioned that the samples used within this evaluation were previously
subjected to different pre-treatments by impregnation (AC, CCA, CU, DMDHEU, TMT
thermo-wood and untreated ones were selected as control samples) and then their
capillary water uptake was determined according to DIN 52617 standard, which is used for
the organic and inorganic porous materials in building industry. As wood is also a porous
material and water flows through capillary force in wood this test gave the idea of its water
uptake in exterior use. In case of wood modified with chemicals the test could also give the
idea of localization of chemicals in wood cells.
After the drying process, the samples were prepared for roughness measurements.

1

W.C. Feist, Weathering and protection of wood, Proc. Am. Wood Preserver’s Assoc. 79 (1983) 195–205.

2

DAADppp project: Wood surface protection by wood modification systems under different climatic conditions,
Partners Uni Gottingen, Germany, UMB and Forest and Landscape Institute As, Norway
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Roughness measurement
The roughness of each surface was measured by using a new device, the Perthometer
MarSurf M400 (Figure 1), having the following features (see Figure 2).

Figure 1. MarSurf M400 perthometer

Figure 2. MarSurf M400 Technical data

The MarSurf M400 enables the evaluation of parameters from the P (total profile), W
(waviness profile) and R (roughness profile), as presented in Figures 3 and 4.
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Figure 3. Total profile, waviness profile and roughness profile of a surface

Figure 4. MarSurf M400 Topography - Roughness profile

The scanning parameters set for this study (according to ISO standards) are presented in
Table1.
Table 1. Scanning parameters
No.
1
2
3
3
4
5
6

Scanning parameter
Sampling length /
cut-off length
Evaluation length
Tracing length*
(total evaluation length)
Profile resolution measuring
range
Measuring speed
Points
Direction

Value
2,5 mm
12,5 mm
26 mm
±250 ȝm=8nm

1 mm/s
16320 points
Perpendicular to the
grain
* The sampling length was established at 2.5 mm
according to the specialty literature 3. The total evaluation
length (tracing length) of about 26 mm was the maximum
value provided by the device.

Two roughness measurements were performed for each sample on the same surface, by
respecting the same distance of about 60 mm from each edge (see Figure 5).
3

L. Gurau, Quantitative evaluation of the sanding quality in furniture manufacturing, Publishing House of the
Transilvania University from Brasov, 2007.
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a

b

Figure 5. Position of stylus (a) and the two scanning lines on the sample (b)

All roughness parameters determined by the device itself were recorded with a view to be
used for further interpretation.
The device allows two format data: PCD files (topography) and ASCII files (see Figure 6).
All data were saved under these two formats.

Figure 6. ASCII file with settings and the roughness parameters

Results
The present work presents the roughness values obtained as roughness average values
per each sample. They were declared control values (initial values) and they will contribute
to the preliminary and final evaluation of treated surfaces exposed to outdoor natural
weathering, when the process will end.
Two groups, namely: DMHDEU and TMT groups were selected for this report.
Rz was the roughness parameter under study within this initial evaluation, as example.
The Rz definition is presented in Table 2.
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Table 2. Rz roughness parameter
No
1

Rz roughness parameter

Definition
The maximum profile height Rz is the
sum of height of the largest profile peak
height Zp and the largest profile valley
absolute depth Zv within a sampling
length.
4
*ISO 4287: 1998
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* In the previous edition ISO 4287-1: 1984 , the Rz symbol was used to indicate a “ten point height of
irregularities” that averages the height of five highest peaks plus the depth of five deepest valleys over the
sampling length.

The initial surface roughness values (Rz – average per sample) of the samples belonging
to the DMDHEU and TMT groups are listed in Table 3.
Table 3. Roughness (Rz) values in microns

Treatment /
impregnation

TMT

DMDHEU

Sample
codification
V-1-1
V-1-2
V-1-3
V-1-4
V-1-5
V-1-6
V-1-7
V-1-8
V-1-9
V-1-10
V-1-11
V-1-12
V-1-13
V-1-14
V-1-15
H-3-2-1
H-3-2-2
H-3-2-3
H-3-2-4
H-3-2-5
H-3-2-6
H-3-2-7
H-3-2-8
H-3-2-9
H-3-2-10
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Rz_average
per sample,
microns
64,43
61,30
67,82
103,50
58,53
70,89
87,97
81,60
75,61
43,63
54,88
49,59
62,38
72,36
55,10
36,37
62,15
58,66
50,89
44,10
40,21
41,31
49,35
59,00
61,43

Geometrical Product Specifications (GPS). Surface Texture. Profile Method. Terms. Definitions and Surface texture
Parameters. British Standards Institute, London
5
Withdrawn. Surface roughness. Terminology. Part 1: Surface and its parameters. ISO.
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Similar study research can be found in the specialty literature6.
It is obviously that the results are very different in between samples per each group (see
Figures 7 and 8). Wood is a porous material and this is the reason why it is so difficult to
define its surface which can be considered a composite of several textures.

Rz, roughness, microns

Roughness represents the finer irregularities of the surface textures that usually result
from the the inherent action of the production process or the material conditions.
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Figure 7. Rz range between samples with TMT treatment

Rz, roughness, microns

70,00
60,00
50,00
40,00
30,00
20,00
10,00
0,00
H-3-2-1

H-3-2-2

H-3-2-3

H-3-2-4

H-3-2-5

H-3-2-6

H-3-2-7

H-3-2-8

H-3-2-9

H-3-2-10

DMDHEU

Samples codification and treatment

Figure 8. Rz range between samples with DMDHEU treatment

6

A. Temiz, U.C. Yildiz, I. Aydin, M. Eikenes, G. Alfredsen, G. Colakoglu, Surface roughness and color characteristics
of wood treated with preservatives after accelerated weathering test, Applied Surface Sciences,
doi:10.1016/j.apsusc.2004.12.019
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Evaluation of fungal penetration into treated wood surfaces
under outdoor exposure conditions by using microscopy

Introduction
The application of wood as cladding facades has a long history and tradition in Norway.
Wooden claddings are also increasingly used for family houses as well as for nonresidential buildings.
An outdoors exposed wooden surface will gradually change in colour and texture if no
paint or treatment is applied. The degrading mechanism involved in the weathering
process is a combination of factors found in nature: moisture, sunlight, heat/cold,
chemicals, abrasion by windblown materials and biological agents7. Light-coloured wood
species become darker as long as UV degrades the lignin, all extractives are washed out
and dark-coloured mould fungi colonise the surface.
Different modification methods (e.g. furfurylated wood, acetylated wood and thermally
modified wood), partly on the market nowadays, have been in the focus of scientific
research within the last years. The research of the last years has proved that modified
wood becomes considerably more resistant against degrading fungi and more
dimensionally stable. However, unexpectedly, the modified wood still seems to be
degraded by UV light and by surface moulds and stains.
Aureobasidium pullulans is one of the main organisms causing blue stain in service.

Objective
The objective of the present study resided in some visual and microscopic observations of
the fungal penetration into treated wood surfaces after their outdoor exposure for 3.5 years.

Material and method
Initial preparation
Prior to this experiment under stereo-microscope, the samples were prepared as follows8:
- The samples were collected from various sawmills and wood-working companies
from Norway to ensure a variety of wood substrates similar to what the consumers are
offered when buying wood claddings materials.
- Scots pine and Norway spruce were the two wood species used within this study.
- The samples (19 x 145 x 800 mm – see Figure 9 a) were treated using 6 different
treatments as shown in Table 4.
- The samples were exposed outdoors for 3.5 years, on a trail stand at an angle of
45º (Figure 9 b), respecting the south orientation in Birkeness, Norway (see Figure 9 c).
- Their appearance, initial and after the exposure, is presented in Figure 10.
7

R.S. Williams, Weathering of wood, Handbook of wood chemistry and wood composites, CRCPress, Boca Raton, FL,
USA, pp.139-185.
8
L.Ross Gobakken, O.Hojbo, H. Solheim, Factors influencing surface mould growth on wooden claddings exposed
outdoors, Part IV of the PhD Thesis “Surface mould growth on painted and unpainted wood; influencing factors,
modeling and aesthetic service life”, Dept. of Ecology and natural Resources Management, Norwegian University of
Life Sciences, As, 2009, ISSN 1503-1667, ISBN 978-82-575-0900-2.
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a

b

c

Figure9. Dimensions (a), trial stand (b), location (c)

Figure 10. Wood substrates (Gobakken, 2009)

8 wood substrates (see Table 4), including modified, preservative-treated and untreated
wood, were subjected to microscopic observation for this study (see Figure 11). The
samples were cut from the upper part (part A- as shown in Figure 9 a) near the top, after
removing the external layer of each cross section (Figure 11 b).

a
b
Figure 11. Eight wood samples selected for microscopic observations (a) and the way of cutting (b)

The samples were codified, as shown in Table 4. The observation of fungal growth and
distribution on the radial surfaces were then performed.
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Table 4. Codification of samples according to specific treatment applied
No

Code

Wood species

Treatment

1

29

Scots pine

Furfurylation

2

30

Scots pine

Royal treatment

3

31

Scots pine

Copper-organic preservative treatment

4

32

Scots pine

Heat treated (thermal treatment)

5

33

Scots pine

Metal-free preservative treatment

6

34

Scots pine

Acetylation

7

35

Norway spruce

Untreated

8

58

Southern yellow pine

Furfurylation

Sample

Microscopic observations
The conditioned samples were studied under a stereo-microscope of Zeiss type by using
an AxioCam ICc 1 (see Figure 12).

Figure 12. Zeiss Stereo microscope
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Results
The assessment of surface was made both visually and by the use of the stereo
microscope (20 x magnification).
The results are presented within the Table 5 according to some criteria taken into account:
- appearance of fungi
- distribution of fungi colonies (even or diverse distribution)
- size of fungi points (small, very small, all equal, different sizes)
- fungi spreading (groups around cracks)
- grey colour (due to the degradation of lignin)
From the previous study (Gobakken, 2009), some results and conclusions can be
mentioned:
- the results of the evaluation after 1.5 years of outdoor exposure showed that all
substrates had a mean moulding rating of 3 or more, with the exception of furfurylated
Scots Pine and acetylated Scots Pine.
- Upainted samples of oil/copper-organic preservative-treated Scots Pine had less
mould growth than the other unpained substrates.
- Already after 4 month the mould colonies were visible with the naked eye.
- At the end of the test period (36 months), all the untreated panels had more or less
an even grey colour, with the exception of oil/copper-organic preservative-treated Scots
Pine, which still had some of its original colour.
Additional, the results of the present study can be updated after the entire period of
outdoor exposure (3.5 years), as follows:
- Colonies of fungi were spread on all samples under study.
- They had an even distribution in all cases, except the case of samples with Royal
treatment, when few grey areas appeared and the fungi presented very small sizes.
- Thus, unpainted oil/copper-organic preservative-treated claddings had higher
resistance to mould growth
- Almost for all cases under study the fungi colonies presented a common spreading,
in the case of thermally treated pine, large points of fungi were located around cracks.
- With the exception of acetylated pine and furfurylated pine, all samples presented a
light grey tinge, especially in early wood area, due to the degradation of lignin.
- The acetylated wood samples seemed to present not so much grey colour.
- In the case of furfurylated southern yellow pine samples no grey colour seemed to
appear. This may be related to the initial colour of the substrate, because the
furfurylated southern yellow pine was very dark and the general greying colour can be
hardly observed (Table 5).

It is worth to be mentioned that the modified wood is recommended for wooden claddings.
The modified wood samples possess enhanced properties such as less shrinkage and
swelling, in addition to enhanced protection against biological attack.
We have observed that some types of modifications may increase the growth of blue stain
on uncoated surfaces. But it depends upon which kind of modification.

12

Table 5. Microscopic observations
Code

Radial face under
stereo-microscope

Colonies of
fungi

Distribution

Size

Spreading

Grey colour

29

Yes

Even

Same size

Grouping
near cracks

Grey in ew

30

Few

rare

Very small

rare

Few grey
areas

31

Yes

Even

Different
size

spreading

Light grey
tinge

Everywhere,
but large
size around
cracks

Light grey

Spreading

Light grey in
ew

32

Many

Even

Different
size

33

Yes

Even

Equal but
small sized

34

Yes

Even

Very small

35

Yes

Even

Very small

58

Many

Even

Very small
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Spreading

Spreading

Spreading

Not so grey

Grey ew

No grey

FT-NIR observations on veneer samples made of four wood
species

Introduction
Nowadays new techniques are successfully used with a view to characterize the surfaces
changes that occurred due to natural weathering, both indoor and outdoor exposures.
One evaluation tool with good potential is near-infrared (NIR) spectroscopy, a fast growing
technique for nondestructively evaluating organic materials. NIR spectroscopy has found
widespread use in variety of industries including food and agriculture, pharmaceutical,
petroleum, and pulp and paper. NIR spectroscopy involves the measurement of the
wavelength and intensity of the absorption of near-infrared light by a specific material9.
Some wood species are still considered just a secondary resource in Romania, and
among them black alder which was less studied and somehow ignored within the wood
processing industry. During last few years, some authors approached alder topics, both
from the perspective of its workability and from the colorimetric point of view, through the
identification of colour changes occurred when solid wood is exposed indoor to artificial
light (Temiz, 2005 10 ; Oltean, 2007 11 ) or when alder veneers are exposed to natural
sunlight (Aydin, 200512; Salca, 200813).
My attention was also focused on other wood species aside the black alder, such as
cherry, maple and birch, which present similar appearance as two pairs (alder – cherry
and maple - birch) and they can be successfully replaced one by another when used as
veneer or solid wood in furniture manufacturing.
The objective of a previous research work was to establish the natural light influence upon
the colour changes of veneers after sunlight and darkness exposure, for several months,
under indoor conditions.

Objective
The present experiment resided in performing FT-NIR observations on own veneer
samples made of for wood species (black alder, cherry, maple and birch) which were
previously exposed for several months under indoor conditions to sunlight influence and
absolute darkness.
9

X. Wang, J. Wacker, Using NIR spectroscopy to predict weathered wood exposure times, Proceedings of 9th WTCE
2006 – Oregon State University.
10

A. Temiz & others, (2005), Surface roughness and colour characteristics of wood treated with
accelerated weathering test, Applied Surface Science, 250: 35-42.

preservatives after

11

L. Oltean, A. Teischinger, C. Hansmann, (2007), Wood surface discolouration due to simulated indoor sunlight
exposure. Holz Roh Werkst 66(1): 51-56.
12

I. Aydin, G. Colakoglu, (2005), Effects of surface inactivation, high temperature drying and
preservative
treatment on surface roughness and colour of alder and beech , Wood. Applied Surface Science, 252: 430-440.
13

E. Salca, (2008), Contributions to the optimization of alder wood processing by milling and sanding in order to
achieve its capitalization in furniture manufacturing, PhD Thesis, Transilvania University of Brasov.
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Material and method
Prior to these FT-NIR observations performed within the Spectroscopic Laboratory, some
specifications are to be mentioned here.

Initial preparation
The experimental approach was carried out in three distinct situations:
1. when using two pairs of wood species, but having similar appearance, namely alder
(Alnus glutinosa), cherry (Prunus avium), birch (Betula pendula) and plane maple
(Acer platanoides). The logs were thermally treated for 10-12 hours before starting
the veneer production. The thermal treatment was performed at different
temperatures depending on the wood species and the desired final colour for
veneer. Thus, maple logs were treated at the temperature of 40ºC, while cherry,
alder and birch logs were treated at the temperature of 60-70ºC. The veneers were
cut as follows: black alder (Alnus glutinosa) veneers were cut by half-round slicing
and cherry (Prunus avium), birch (Betula pendula) and plane maple (Acer
platanoides) veneers were cut by flat slicing. The veneer sheets were dried at
different temperatures depending on the wood species: veneer sheets made of
black alder (Alnus glutinosa), cherry (Prunus avium) and birch (Betula pendula)
were dried at the temperature of 90-100 ºC and that ones made of plane maple
(Acer platanoides) at the temperature of 90ºC.
2. when using freshly cut veneers made of black alder (Alnus glutinosa) log (70%
moisture content). The log was peeled and cut in flitch and veneers were cut by
slicing, without any thermal treatment, on the vertical slicing machine. Veneers were
dried by respecting three drying stages (90ºC, 90ºC, 100ºC).
3. when using freshly cut veneers made of black alder log; the veneer sheets were
studied under direct air contact with a view to establish the presence or the absence
of the specific orange discoloration. For this case the colour observations were
performed as soon as was possible after the cutting process.
The dimensions of veneer samples were: 250mm x 150mm x 0.5mm. For the first two
cases, 10 veneer samples were used, out of which 5 samples were exposed to sunlight
under indoor conditions and other 5 samples were exposed to absolute darkness.
The sunlight exposure followed the south direction and it was achieved by means of an
experimental stand, positioned behind a window glass of 4mm thickness and for keeping
the absolute darkness conditions, veneers were kept within a totally free-light space.
The exposure conditions were daily recorded during the exposure period of 1 and 3
months respectively.
All colour measurements were performed at LOSAN Company from Braúov, according to
ISO 7724-2 standard 14 , with a Chroma Meter Konika Minolta CR-410 device. 5 colour
measurements were made on distinct circular areas of 50mm diameter, for each veneer
sample.

14

***ISO 7724-2:.1984. Paints and Varnishes. Colorimetry. Part 2: Colour Measurement. ISO Standard.

15

L*, a* and b* colour coordinates were determined before and after the sunlight and
darkness exposure, under indoor conditions, for 1 and 3 months, on the same circular
areas.

FT-NIR measurements
From each veneer sheet a rectangle (25 x 35 mm) was cut as shown in Figure 13.These
samples were subjected then to spectroscopic measurements by using the Perkin Elmer
Spectrum ONE NTS FT-NIR Spectrometer device (see Figure 14).

Figure 13. Samples used under the spectrometer

Figure 14. Perkin Elmer Spectrum ONE NTS FT-NIR Spectrometer device

The scan setup options are presented below:
Table 6. Scan setup options
No
1
2
3
4
5
6
7
8
9
10

Scan and instrument setup
Scan range
Scan type
Scan number
Resolution
Data interval
Apodization
Phase correction
Scan speed
Abscisa units
NIRA details

Value
Start at 700.00 nm – End at 2500.00 nm
Interleaved, A units
150
-1
16.00 cm
0.350
Strong
Magnitude
1.00 cm/s
nm
Sample direct on window
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The results recorded were saved as ASCII files in order to allow further data analysis. The
specialty literature offers many data related to this topic and they are to be considered for
future work and interpretations15.
A scanning sample is presented below in Figure 15.

Figure 15. Scan progress – a scanning sample

Results
Some comparisons between the obtained results are to be formulated, when using four
independent variables (wood species, log treatment, exposure conditions and period of
exposure) involved within this study.
Two examples are presented below in Table 7.

15
M. Schwanninger, J.C. Rodrigues, K. Fackler, A review of band assignments in near infrared spectra of wood and
wood components, Journal of Near Infrared Spectroscopy, 19, 287-308 (2011)

17

Table 7. Possible comparisons in between the four wood species – FT-NIR results
Veneers made of alder, cherry, birch and maple-thermally treated - sun exposure

Veneers made of alder - thermally treated and untreated- sun exposure
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Scientific visits on the field
Wood is a biological building product, and individual components in a building will vary in
appearance, properties and performance. Life expectancy of wood and wood-based
products utilized in buildings is related to a number of factors16, as follows:
- wood properties; species, heartwood/sapwood, density, growth rate, knots, grain
orientation, amount of extractives
- quality of manufacturing
- handling, storage, installation and maintenance
- building design
- interactions with other materials and surface treatment
- wood moisture content and wood temperature
- local climate and microclimate
Some scientific visits focused on wooden claddings and wooden bridges were performed
with a view to evaluate in-situ the design, materials used, resistance and maintenance
(see Table 8).
Table 8. Scientific visits on the field

Leonardo da Vinci wooden bridge – The timber bridge at Ås in Norway
The static system of the bridge consists of three non-hinged glulam timber arches with a rounded,
triangular cross section decreasing in size from the abutments to the apex. At the abutments there are
fixed ends provided by bonded-in steel rods. The centre arch is made up of four segments, the other two
of tree segments, which are rigidly connected by slotted-in steel plates and dowels. The arches
represent a great example of the possibilities in shaping glulam timber.
The bridge deck is supported by the main arch in the middle, following the convex shape of the arches.
At both sides, the deck has sag as indicated by Leonardo’s sketch and the necessary support is provided
by slender steel pillars. The use of stress laminated glulam beams for the bridge deck makes it possible
to follow the smooth lines of the concept. The beams are pre-curved and clamped together by prestressed, high strength steel bars forming a continuous ribbon like slab. The deck is provided with a
water tight membrane and a wearing course.
The bridge is highly exposed to weathering as it is provided with very little protection by structural
means. Metal cladding, plastic coating, wooden panelling et cetera, were all turned down for aesthetic
reasons, leaving chemical protection as the only option for obtaining a reasonable operating life. Among
the chemical alternatives, creosote was ruled out for optical reasons (too dark) and CCA-treatment was
ruled out for environmental reasons, ending up with a number of environmentally friendly systems in
order to compensate for less effect and lack of long term experience.

16

L.Ross Gobakken, O.Hojbo, H. Solheim, Factors influencing surface mould growth on wooden claddings exposed
outdoors, Part IV of the PhD Thesis “Surface mould growth on painted and unpainted wood; influencing factors,
modeling and aesthetic service life”, Dept. of Ecology and natural Resources Management, Norwegian University of
Life Sciences, As, 2009, ISSN 1503-1667, ISBN 978-82-575-0900-2.
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Wooden bridge in As
The wooden parts are impregnated with salt to avoid fungal attack and after that with creosote to avoid
shrinkage and swelling; the wooden surface is covered with copper sheet as protection against weather.

Wooden claddings with fungi attack in As
Coated wooden claddings are traditionally widely used in Norway, and are still often preferred to other
cladding materials.
Discolouration by fungi is mainly an aesthetic concern, and is especially disfiguring for light-coloured
surfaces. Growth of surface fungi often initiates repeated cleaning and shorter maintenance intervals,
which in turn increases the total cost of ownership for wooden claddings.

School in As with wooden claddings made of poplar wood
The building presents a pronounced grey colour. Some elements were replaced, as shown above.
Besides the growth of mould, the wood is influenced by surface discoloration caused by photo
degradation. This also influences the growth of surface colonizing fungi. These fungi are able to
metabolize breakdown products of lignin and holocellulose. Lignin is most susceptible to UV degradation.

20

The wood surface is changed to a brown colour due to the chemical breakdown products of lignin and
wood extractives. Most of the solubilized degradation products of lignin are washed out by rain, the
surface becomes white over time, because the fibers in the surface layer keep the cellulose. This
17
whitening effect will be overlaid by a grey colour which is a mixed effect of photo degradation and fungi .

Trial stand for outdoor natural exposure of wooden claddings in As
The panels are vertically installed on this test house in As, which are located in a partially shadowed
area. The samples are exposed on both sides of the house with north and south exposure. The relative
humidity and temperature are measured. This trial stand allows the evaluation of mould growth on the
18
surfaces subjected to different pre-treatments and coatings .

Scientific visits - education and research
In order to capture a holistic overview upon the higher education and research in the
forestry domain in Norway, As and Oslo especially, two important meetings took place.
Table 9. Two important meetings in the fields of education and research

University of Life Sciences, As
The meeting with Prof. Dr. Olav Hojbo was very
constructive. He presented an interesting outline on
higher education developed in As, in the sector of
forestry and wood engineering.
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Treteknisk Institute, Oslo
The visit at Treteknisk Institute was guided by Dr.
Ulrich Hundhausen. We had discussions related to a
topic in trend nowadays in Norway but not
exclusively, namely wooden claddings protection.

W.C. Feist, Weathering of wood in structural uses, Structural uses of wood in advers environments, Meyers R.
Ongoing study performed by Dr Lone Ross Gobakken.
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Cultural visits with important emotional impact
A special interest was granted to some cultural visits which allowed me to feel and
recognize the pure Norwegian spirit during history. The visits to the three museums
presented below highlighted the talent of Nordic people to survive and create such a
harmony with its environment by using all the materials found in nature. It was a very good
lesson connected to the discipline “Traditional materials” within the curricula of Master
studies (Eco Design and Restoration) in Brasov, in which I am also involved.
Table 10. Cultural visits

Folk Museum

Viking Museum

Ski Museum

A briefing regarding the higher education in Romania - Brasov, my own didactic and
research work, the STSM purpose and its achievements was presented to the staff of
Wood Technology Department from As, at the end of the mission.
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Future collaboration
Three main directions were identified when completion the mission:
- a joint publication related to preliminary and final roughness results is proposed to be
prepared when the weathering process of treated wooden samples will end (it is started in
April 2012).
- a joint publication related to FT-NIR observations on veneer sheets will be prepared by
the author.
- a joint project between Norway and Romania is waiting to be formulated with specific
objectives. This will surely contribute to a good and strong cooperation between the
Norwegian Forest and Landscape Institute from As, Norway and The Faculty of Wood
Engineering from Brasov, Romania.
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