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Abstract

Pine (Pinus sylvestris) and spruce (Picea abies) of Swedish origin has been heat-treated
according to a process intended for above-ground end-uses. Tests have been carried out in order
to study and evaluate the durability of the heat-treated material against decay and discolouring
micro-organisms as well as technical and other properties, such as bending strength, stiffness,
delamination of glulam, withdrawal load for fasteners and chemical emissions.

The tests have shown that the bending strength has been reduced by approximately 50 % whereas
the stiffness has been much less affected. Thus, the use of heat-treated wood where the strength
is a decisive property should be carefully considered. There is an indication that the withdrawal
load for fasteners for heat-treated wood is lower than for untreated wood. Gluing of heat-treated
wood needs particular consideration, and PV Ac adhesives seems to be unsuitable for gluing heat-
treated wood. Chemical emissions (VOCs) were very low and will not be any major problem,
providing proper conditioning is carried out after treatment. Heat-treated wood seems to be less
susceptible to attack by discolouring micro-organisms than untreated wood. The decay tests in
the laboratory and in the field have not yet given an unambiguous answer concerning the
performance in various end-uses. However, the use of heat-treated wood in ground contact
should be avoided.
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Summary

The objective of this study was to investigate the durability and some technical properties of
heat-treated pine (Pinus sylvestris) and spruce (Picea abies).

The heat treatment was carried out according to a process intended for wood in above-ground
end-uses (European hazard class 3) and the heat-treated material was subject to the following:

Determination of the bending strength and modulus of elasticity (MOE) on beams

45 x 145 mm according to EN 408.

A delamination test according to EN 391 with glulam beams made of heat-treated
laminations and assembled with PRF and PV Ac adhesive respectively.

Determination of the withdrawal load for fasteners.

Determination of the emission factor for VOC and the identification of major compounds.
Testing of the durability against decay in the laboratory in a “terrestrial microcosm”
(TMC) and in the field according to EN 252, a stake test, and a ground proximity multiple
layer method. The latter has been installed in Sweden, Germany and the USA (Hawaii)
respectively.

Testing the resistance against discolouring micro-organisms (mould, stain) in a specially
designed “Greenhouse test hut” as well as in the field.

Results:

The bending strength was reduced by approximately 50 %, whereas the bending stiffness
(modulus of elasticity) only decreased by 3.5 %. The 5™ percentile value of the bending
strength, the so called characteristic value, decreased by 66 % for spruce and by 55 % for
pine after heat-treatment. From these results it was also concluded that strength grading
of heat-treated wood by conventional techniques will be difficult. The dry density for the
heat-treated material decreased by approximately 7.5 % compared to the untreated
material.

PRF adhesive performed very well whereas PVAc adhesive showed an unacceptable
percentage of delamination and thus seems to be unsuitable for gluing heat-treated wood.
There is an indication that the withdrawal load for heat-treated wood is generally lower
than for untreated wood.

The emission factor for the heat-treated wood, expressed as TVOC (Total Volatile
Organic Compounds), was less than 10 pg/(m”x h) and this was less than for the
untreated reference. The use of heat-treated wood indoors thus seems to constitute no
problem, provided proper conditioning after treatment has been carried out.

In the decay tests the heat-treated material has performed very well in the TMC test. No
decay has yet been observed after two years exposure in the Swedish ground proximity
test. The EN 252 stakes show a high rate of failure after two years exposure, but a
microscopical analysis reveals no indication of decay. The high rate of failure is probably
a consequence of the strength loss caused by the heat-treatment itself, enhanced by the
subsequent wetting in the ground and further chemical degradation.

Heat-treated wood according to the specification tested seems to be less susceptible to
discolouring organisms than untreated wood but not as good as wood treated with copper-
containing wood preservatives.

The results obtained so far confirms that heat-treated wood from a durability point of
view seems to be most suitable for above-ground, but non load-bearing, end-uses and that
more knowledge is required to evaluate the performance of differently heat-treated wood
in different end-use situations.



Foreword
There is an increasing interest in heat-treated wood and research is in progress in many countries
around the world. Still the knowledge about the performance and technical properties is limited.

In order to build up and supply general knowledge about heat-treated wood in Sweden, and also
to generate new knowledge about the performance of heat-treated wood, SP Swedish National
Research and Testing Institute in 2001-2003 has performed a project consisting of the following
parts:

e Compilation of a data sheet with ‘state-of-the art’ knowledge about heat-treated wood.

e Investigations related to the following properties of heat-treated wood:
-bending strength and modulus of elasticity (MOE)
-withdrawal load for fasteners
-gluability/delamination
-corrosion of fasteners
-emissions of volatile organic components (VOC) to the air
-durability with respect to decay fungi and discolouring fungi

e A survey of methods for third-party quality control of heat-treated wood.

The project has been supported financially by the Swedish Wood Association (Svenskt Tri)
(project no. 2001-025).

The reference group, Anders Browall, Elitfonster AB, Hans-Eric Johansson, Bostads-utveckling
AB and Thomas Lundmark, Valutec AB, is kindly acknowledged for their valuable input and
support during the project. Mr Antti Hukka, Valutec Oy, is also acknowledged for organising the
heat-treatment at Stora Enso’s plant in Honkalahti, Finland.

Stockholm, November 2003

Joran Jermer
Project leader



1 Introduction

During heat-treatment the properties of wood are changed. The durability is better than that of
untreated wood, but the knowledge of heat-treated wood and its suitability for various end-uses
where the durability is critical is still insufficient. Heat-treatment is also known to decrease the
strength and the stiffness of wood. The extent of the decrease varies and different species are
affected more or less by heat-treatment. Softwoods have shown larger reduction in strength than
hardwoods (Tjeerdsma et al. 1998). Usually, heat-treated material is reported to have 10-30 %
lower bending and tensile strength (Nordic Wood 2000). Most tests are carried out on small
specimens and are therefore not directly transferable to full-sized timber beams. This applies
specially when dealing with a mechanical property such as strength.

The main objective of the experimental part of this project has been

e to gain more knowledge of the performance of heat-treated wood by testing its durability
against decay fungi and discolouring micro-organisms in the laboratory as well as in the
field.

e to evaluate the strength and the stiffness of heat-treated full-size timber beams with
different types of defects, such as knots, and to relate these values to corresponding
values of untreated timber.

Furthermore, other properties are of interest for the proper use of heat-treated wood. Thus, other
objectives of this project has been

e to determine the withdrawal load for fasteners in heat-treated wood,

e to compare the performance of glulam of heat-treated wood with glulam of untreated
wood with respect to the gluability properties,

e to evaluate the corrosion of fasteners in heat-treated wood exposed outdoors,

e to determine the emissions of Volatile Organic Compounds (VOC) as these are of
importance for the use of heat-treated wood indoors.

The decay and corrosion field tests are still in progress. This report contains results from the
studies that have been completed by October 2003 (strength properties, withdrawal load,
gluability, VOC emissions and resistance against discolouring micro-organisms) as well as a
progress report from one decay field test after two years’ exposure.

Additionally, the data-sheet with ‘state-of-the art’ knowledge of heat-treated wood, which has
been compiled as another part of the project, is attached as an annex to the report.

The survey of methods for quality control of heat-treated wood has revealed that no methods are
yet in practice. At present the most common way to specify heat-treated wood is by the process
and in particular the treatment temperature. This is an area where further development and
studies seem urgent.



2 Test material preparation

2.1 Test material
Three different groups of test materials were used:

For the determination of bending strength and stiffness (Modulus of Elasticity, MOE), 200 beams
of spruce (Picea abies) and pine (Pinus sylvestris) respectively from South Western Sweden
were used. The cross-sectional dimensions were 45 x 145 mm and the length around 4.5 m. The
material was kiln dried in a conventional way and had a moisture content (MC) of around 13 %
when the project started. Each group of 200 beams was graded in a Cook Bolinder stress-grading
machine. Based on this grading, two groups of spruce beams and two groups of pine beams with
similar stiffness (average values and distributions) were obtained. One group of spruce beams
and one group of pine beams were then heat-treated and the other two were tested untreated.
Thus, 100 spruce beams and 100 pine beams were heat-treated and the same number was used as
controls (tested untreated). After conducting the bending strength and MOE tests, the heat-treated
material was used also for the preparation of samples for the corrosion and delamination tests and
for the determination of the withdrawal load for fasteners as well as for preparing stakes for the
durability test according to EN 252.

The next group consisted of five spruce boards and five pine boards, also from South Western
Sweden, dimensions 22 x 95 mm and approximately 4 m long. These boards were heat-treated
and subsequently used for the preparation of samples for the durability tests.

Finally, for the VOC emission study one single spruce beam, dimensions 40 x 230 mm was cut
into two pieces, approximately 2 m long. One half was heat-treated and the other remained
untreated and was used as a control.

2.2 The heat-treatment process

The heat-treatment was carried out in Finland at Stora Enso Timber’s plant in Honkalahti. The
maximum temperature was 220°C during five hours and the total process time was four days.
The process was completed by conditioning so that the moisture content (MC) after the treatment
was approximately 6 %. According to the producer this should correspond to the equilibrium MC
at 20°C and 65 % relative humidity (RH). This level of treatment was classified as suitable for
timber to be used for outdoor exposure above ground, i.e. hazard (use) class 3 according to EN
335-1.



3 Determination of bending strength and modulus of elasticity”

Charlotte Bengtsson, Joran Jermer, Franziska Brem™

3.1 Testing

Bending strength (f;,) and modulus of elasticity (MOE) were determined according to EN 408.
This standard prescribes a four point bending test, with loads applied in the third points, see
Figure 3.1.

Before testing, the material was conditioned at a climate which was approximately 20 °C/

65 % RH and the cross-sectional dimensions were measured. For the untreated material the
testing was carried out at a MC of 12-12.5 % and for the heat-treated material the MC was 3-3.5
%, see Table 3.1. From the low MC of the heat-treated material it can be suspected that when this
material was conditioned the climate was slightly drier than 65 % RH. No compensation for the
different moisture contents was done as the moisture-f,, and the moisture-MOE relationships are
unknown for heat-treated material.

The depth of the beams was nominally 145 mm. However, due to shrinkage during the heat-
treatment the depth decreased by, on average, 3.5 % for spruce and 2.8 % for pine. The thickness
decreased by, on average, 1.3 % for spruce and 2.5 % for pine during the heat-treatment. Average
values of the beams dimensions are shown in Table 3.1. The bending strength of each piece of
wood was calculated from the dimensions of the beams which were measured when testing
according to EN 408. No other dimensional adjustments were made when evaluating the results.

The specimens were placed on the edge in such a way that the assumed weakest point,
determined by the Cook Bolinder grading machine, was centred between the loading points. If
the weakest point was too near an end to be tested, the second weakest point was chosen.
Grading in the Cook Bolinder machine was only carried out once, before the heat-treatment. It
was assumed that the weakest point, determined before heat treatment, was the same also after

heat-treatment. The curvature between the loading points was measured on both sides of the
specimens as well as the mid span deflection, see Figure 3.1. This means that both the pure
bending MOE (MOEjya1) and the MOE for the whole tested part of the beam (MOEgjoba1) Were

Table 3.1. Dimensions and moisture content (when testing) for the whole material. Average
values and standard deviations (within brackets) are shown.
Spruce Pine
Heat-treated Untreated Heat-treated Untreated
Depth [mm] 138.3 (1.8) 143.3 (0.7) 140.5 (1.5) 144.4 (0.7)
Thickness [mm] 43.8 (0.8) 44.4 (0.3) 43.5 (0.5) 44.6 (0.3)
MC [%] 3.0 (0.4) 12.5(0.3) 3.4(0.5) 12.1 (0.5)

measured. Additionally, the density and the moisture content of the wood were determined on
small pieces cut near the location of the failure. All beams were documented by a picture of the
failure. Examples of beams loaded to bending failure are shown in Figure 3.2.

" This part of the report was presented at the 33™ Annual Meeting of the International Research Group on Wood
Preservation (IRG) in Cardiff, Wales on 12-17 May 2002 (Document IRG/WP 02-40242) and at the Nordic Wood
Preservation Meeting (Nordisk Trabeskyttelsesmade) in Silkeborg, Denmark on 25-27 September 2002.

" ETH, Ziirich, Switzerland
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Figure 3.1. Test set-up for bending tests according to EN 408.

a) | b)
Figure 3.2. Examples of beams tested to failure in bending.
a) Heat-treated pine beam. b) Untreated pine beam.

3.2 Results

Bending strength

Table 3.2 shows the bending strength for the tested material. For spruce the average bending
strength decreased by 50 % after heat-treatment. Corresponding figure for heat-treated pine was
47 %. The variation in bending strength was higher after heat-treatment, both for spruce and
pine. The variability in bending strength, both before and after heat-treatment, was largest for
spruce. As described in the literature, the heat-treated material was more brittle than the untreated
material. The bending failures were usually sudden. No apparent difference in behaviour between
heat-treated spruce and heat-treated pine was observed.

The 5™ percentile values, usually called characteristic values, were around 24 MPa for the
untreated material. Heat-treatment decreased the 5™ percentile values substantially, by 66 % for
spruce and by 55 % for pine.



Table 3.2. Bending strength (fj,) for the tested material. Average values and standard
deviations (within brackets) are shown. COV means coefficient of variation.
The 5™ percentile value is calculated non parametric.

Spruce Pine
Heat-treated Untreated Heat-treated Untreated
fn [MPa] 23.2 (10.4) 46.0 (14.1) 24.9 (10.2) 47.1 (12.5)
COV [%] 44 8 30.6 41.0 26.5
f, 5"perc. [MPa] 8.0 23.7 11.1 24.5

Modulus of elasticity

The modulus of elasticity (MOE) was much less affected by heat-treatment than the bending
strength, see Table 3.3. The local MOE decreased by 3.5 % for both heat-treated spruce and pine.
Also the variation in MOE was very little affected. The global MOE, which also contains shear
deformations, decreased by 4.3 % for spruce and by 5.4 % for pine, i.e. slightly more than the
local MOE. This indicates that the relationship between MOE and shear modulus has changed for
the heat-treated material. The difference in MOE (both local and global) between heat-treated
and untreated material was not statistically significant (t-test, p>0.05).

Table 3.3. Modulus of elasticity, MOE, (local and global) for the tested material. Average
values and standard deviations (within brackets) are shown.

Spruce Pine
Heat-treated Untreated Heat-treated Untreated

MOE,,. [MPa] 11882 (2653) | 12318 (2626) | 12487 (2561) | 12941 (2389)

MOE,,, [MPa] | 10817 (2329) | 11305(2359) | 11567(2029) | 12232 (2602)

Figure 3.3 shows MOE versus bending strength. It is clearly shown that heat-treatment decreases
the strength and increases the variation in strength within the material. The coefficients of
determination, R? , are lower for the heat-treated material compared to the untreated material.

80 80

R? = 0.59

60 60

40 4

fm [MPa]

20 A 20 A

0 5000 10000 15000 20000 0 5000 10000 15000 20000
MOE; [MPa] MOE,,, [MPa]

a) Spruce b) Pine

Figure 3.3. Bending strength, f,,, versus MOE for heat-treated (filled dots) and untreated
material (unfilled dots).
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Density
Table 3.4 shows the density when the material was tested according to EN 408 and also the dry

density. As the moisture content before and after heat-treatment was very different the dry
density is most relevant for comparison between the different groups. The dry density also gives
a measure of the amount of wood material degraded by the heat-treatment. For spruce, the dry
density decreased by 7.2 % after heat-treatment. Corresponding decrease for pine was 7.5 %. The
decrease in dry density was statistically significant (t-test, p<0.001). The variation in density was
approximately the same for the untreated and for the heat-treated material.

Table 3.4. Density (dry density and density at the testing occasion) for the tested material.
Average values and standard deviations (within brackets) are shown.

Spruce Pine
Heat-treated Untreated Heat-treated Untreated
Densg,y [kg/m3] 389 (47) 419 (50) 446 (51) 482 (57)
Densqest [kg/m3] 396 (47) 449 (52) 454 (51) 512 (58)

80 5 80

60 - 60 -

‘© T
I o
S 40 S 40
o £
20 4 20 +
0 T T T T T T 0 T T T T T T
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Dry density [kg/m°] Dry density [kg/m°]
a) Spruce b) Pine

Figure 3.4. Bending strength, f,,, versus dry density for heat-treated (filled dots) and untreated
material (unfilled dots).

In Figure 3.4 the bending strength versus the dry density is shown. As expected, the coefficients
of determination, R%, are lower for the heat-treated material than for the untreated.

The small difference in MOE between heat-treated and untreated material is clearly displayed in
Figure 3.5. It can also be seen that the dry density is a good predictor of the modulus of elasticity,
both for heat-treated and untreated material. For untreated material the coefficients of
determination are surprisingly high.
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Figure 3.5. Modulus of elasticity, MOE, versus dry density for heat-treated (filled dots) and
untreated material (unfilled dots).

3.3 Discussion and conclusions

This study has clearly pointed out the effects of heat-treatment at high temperatures on the
bending strength and the modulus of elasticity of spruce (Picea abies) and pine (Pinus sylvestris)
timber. The bending strength decreased by, on average, 50 % for spruce and 47 % for pine.
Additionally, the variation in bending strength was larger after heat-treatment. Spruce and pine,
in general, behaved in the same way.

The modulus of elasticity, MOE, was very little affected by the heat-treatment. The decrease was
3.5 % for the heat-treated material compared to the untreated. Previous studies (Bengtsson and
Betzold 2000, Bengtsson and Kaéllander 2001) on strength-MOE relationships for high
temperature dried spruce wood have shown that material dried at a temperature of 125°C display
a 5 % decrease in bending strength (on average). No influence on the MOE was found. In
Bengtsson and Kaillander (2001), it was shown that drying in temperatures up to 105 °C did not
affect the strength and the stiffness. Neither heating the material up to 125 °C during a very short
period influenced the strength and the stiffness. With this background, the results obtained in this
study appear reasonable. Heating the wood up to 220 °C gave a strength reduction of up to 50 %
but the stiffness decreased by only 3.5 %.

Roughly speaking, the strength is usually governed by one or several knots while the stiffness is
less affected by knots and more dependent on the clear wood material. During the heat-treatment
the black knots within the wood material loosened and sometimes fell out. When testing this
material, such knots acted as holes on the tension side of the bent specimen.

The untreated material used in this study had a characteristic bending strength of 24 MPa and an
average MOE of 12000-13000 MPa. It means that the material fulfils the requirements for
strength class C24 (according to EN 338). After heat-treatment the characteristic bending
strength decreased to 8 MPa for spruce and to 11 MPa for pine. Strength grading of timber is
usually based on the relationship between MOE and strength. For the heat-treated material the
correlation between these two properties was considerably weaker than for the untreated
material. Consequently, strength grading heat-treated material by conventional techniques will be
very difficult.

The moisture content of the heat-treated material was low. It can be argued that comparing the
strength and the MOE for material with different moisture contents gives misleading results.

12



However, in this case it was decided that the best basis for comparison of heat-treated and
untreated material was established by conditioning the material in the same surrounding climate.

It is important to point out that these results are valid for Swedish spruce and pine heat-treated by
the above mentioned process. The importance of the time at which the timber is held at a certain
temperature was demonstrated by Bengtsson and Kéllander (2001). Just heating the timber to 125
°C did not effect the strength, but when the timber was subjected to 125 °C during 5-7.5 hours
the strength decreased by 5 %. A speculation is that when the temperatures are higher, the time at
a certain temperature is even more important, at least when strength properties are concerned.

Possible fields of application for the heat-treated material are decking, window frames, outdoor
furniture, stairs, fences, cladding etc. In most of these applications the strength is not the decisive
property. More important, e.g. for stairs and decking, is the stiffness. This study has shown that
from the stiffness point of view, heat-treated material works well. It is of course not impossible
to use heat-treated material for load bearing purposes, however, then the low strength, the high
variability and the brittle behaviour must be taken into account during the design.

13



4 Withdrawal load for fasteners

Charlotte Bengtsson, Anders Clang, Joran Jermer

4.1 Material and method

The withdrawal load was measured according to DIN 1052 (test specimen and distances) and NT
Build 134 (holding length). Two types of screws and one nail type were tested, see Table 4.1 and
Figure 4.1, both in heat-treated and untreated material of spruce (Picea abies) and pine (Pinus
sylvestris), see 2.1 and 2.2 above. Four specimens of each material type were selected and
conditioned until equilibrium MC at 20 °C and 65 % RH was established. Five fasteners of each
type were inserted in each test specimen. The withdrawal load was then measured after 24 hours.
A total number of 240 fasteners were tested (20 replicates per fastener and material type).

Table 4.1.  Fasteners used for measuring the withdrawal load.

Fastener Dim. (diam x length) [mm] Holding length [mm]
Nail, hot-dip galvanized 2.3x60 42

Screw S1 (suitable for 4.2 x 45 32
decking), zinc-plated

Screw S2, zinc-plated 5.0x25 18

Riifflad tridspik varmfirzinkad 2,3 x 60 mm, infiistningsdjup 42 mm m

AR
<

Trallskruv elférzinkad 4,2 x 45 mm, infiistningsdjup 32 mm

Montageskruv elférzinkad 5,0 x 25 mm, infiistningsdjup 18 mm

Figure 4.1. Fasteners used for measuring the withdrawal load.

" This part of the report was presented at at the Nordic Wood Preservation Meeting (Nordisk Trabeskyttelsesmode)
in Silkeborg, Denmark on 25-27 September 2002 and at the 34" Annual Meeting of the International Research
Group on Wood Preservation (IRG) in Brisbane, Australia on 18-23 May 2003 (Document IRG/WP 03-40266).
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4.2 Results

Tables 4.2-4.4 show withdrawal loads for the tested fasteners. The average withdrawal loads
were 5-46 % lower for screws driven into heat-treated wood compared to screws driven into
untreated wood. The withdrawal load for nails driven into heat-treated spruce was 16 % lower
than for nails driven into untreated spruce. For nails driven into heat-treated pine the withdrawal
load was 15 % higher than for the untreated pine.

Table 4.2. Withdrawal load for hot-dip galvanized nails. (The densities given are measured on
the test specimen at the testing occasion, COV means coefficient of variation).

Spruce Pine
Heat-treated Untreated Heat-treated Untreated
Withdrawal load [N] 1098 (329) 1300 (188) 1331 (110) 1154 (230)
COV [%] 30 14 8 20
Density [kg/m3] 425 (15) 525 (18.5) 455 (11) 493 (34)

Table 4.3.

measured on the test specimen at the testing occasion).

Withdrawal load for zinc-plated screws for decking “S1”. (The densities given are

Spruce Pine
Heat-treated Untreated Heat-treated Untreated
Withdrawal load [N] 1399 (154) 2513 (361) 1946 (180) 2057 (307)
COV [%] 11 14 9 14
Density [kg/m3] 425 (15) 525 (18.5) 455 (11) 493 (34)

Table 4.4.

the test specimen at the testing occasion).

Withdrawal load for zinc-plated screws “S2”. (The densities given are measured on

Spruce Pine
Heat-treated Untreated Heat-treated Untreated
Withdrawal load [N] 909 (83) 1674 (149) 1147 (115) 1527 (169)
COV [%] 9 9 10 11
Density [kg/m3] 425 (15) 525 (18.5) 455 (11) 493 (34)

4.3 Discussion and conclusions

The results from the withdrawal load study are somewhat inconsistent although there is an
indication that the withdrawal load is generally lower for heat-treated wood than for untreated
wood. For the screws tested the withdrawal load was consistently lower for heat-treated wood
than for untreated wood. This was not true for the nails, however, where there was a reduction
for heat-treated spruce but an increase for heat-treated pine. A possible explanation is that the
wood samples used for the test were not truly representative for the material studied. If a larger
number of wood samples with various densities had been used one would probably have obtained
consistency between heat-treated and untreated material irrespective of the type of fastener.

15



5 Delamination test of glulam”

Charlotte Bengtsson, Anders Clang, Joran Jermer

5.1 Material

Small glulam beams, length 700 mm and depth 130 mm, with 16 mm laminations were made of
heat-treated and untreated pine (Pinus sylvestris) and spruce (Picea abies). The heat-treatment
was carried out according to 2.2 above. Two different adhesives, one PRF (Phenol-Resorcinol-
Formaldehyde) and one PVAc (Poly-Vinyl Acetate) adhesive were used. Details of the gluing are
given in Table 5.1.

Table 5.1.  Details of the gluing of beams.

PRF PVAc
Adhesive/hardener Cascosinol 1711/2620 Cascol 3333/3334
Mix adhesive/hardener 100/20 100/6
Amount of adhesive [g/m?] 400 200
Closed waiting time [min] 30 12
Pressure [MPa] 0.7 0.7
Pressure time [h] 4 1

5.2 Method

75 mm specimens were cut from each glulam beam and delamination was carried out according
to EN 391, method B.

5.3 Results

The results, expressed as percentage delamination, are presented in Tables 5.2 and 5.3.

Table 5.2.  Delamination [%] for glulam specimens bonded by PRF adhesive before and after
delamination test.

PRF |Heat-treated spruce | Untreated spruce | Heat-treated pine | Untreated pine
Sample | Before After Before | After | Before | After | Before | After
no
1 - - - - - - - -
2 -- -- -- -- -- 2.6 -- --
3 - - - - - - - -
4 -- -- -- -- -- 1.9 -- --
5 -- -- -- -- 1.5 6.9 -- --
6 -- -- -- -- -- 2.3 -- --
Average 2.3
St. dev. 2.5

" This part of the report was presented at the 34™ Annual Meeting of the International Research Group on Wood
Preservation (IRG) in Brisbane, Australia on 18-23 May 2003 (Document IRG/WP 03-40266). A poster was also
prepared for the 1** European Conference on Wood Modification in Ghent on 3-4 April 2003.
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Table 5.3.

Delamination [%] for glulam specimens bonded by PV Ac adhesive before
and after delamination test.

PVAc |Heat-treated spruce | Untreated spruce | Heat-treated pine | Untreated pine
Sample | Before After Before | After | Before After | Before | After
no

1 32.3 72.7 -- 24.2 18.8 73.1 -- 36.2

2 36.5 64.6 -- 20.8 20.8 52.7 -- 34.6

3 50.8 55.8 -- 14.2 24.6 70.0 -- 40.8

4 50.4 74.6 -- 14.2 24.5 68.1 -- 53.5

5 44.6 65.8 -- 16.5 21.9 64.2 -- 40.4

6 49.6 69.2 -- 10.0 27.3 59.2 -- 63.8
Average| 44.0 67.1 16.7 22.5 64.6 44.9
St. dev. 7.9 6.8 5.1 3.0 7.5 114

The figures below show four specimens before the delamination test. For some specimens
bonded by PV Ac the outer lamination fell off even before the test.

c)
Figure 5

Ul

A

a) Untreated spruce bonded by PRF
¢) Untreated pine bonded by PVAc

5.4 Discussion and conclusions

The PRF adhesive performed very well in this study whereas the PVAc adhesive showed an
unacceptable percentage of delamination. The hydrophobic wood surface is probably the most
important reason for the latter as it causes a slower penetration of the solvents from the adhesive
to the surrounding wood. PV Ac thus seems to be unsuitable for gluing heat-treated wood, at least

without modification of the gluing process.

b)

d)

b) Heat-treated spruce bonded by PRF
d) Heat-treated spruce bonded by PVAc
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6 VOC emissions from heat-treated wood’

Joran Jermer, Birgitta Ek-Olausson

6.1 Method

The emissions of Volatile Organic Compounds (VOC) were measured for heat-treated spruce,
see 2.1 and 2.2 above, with untreated spruce as reference material. The measurement was carried
out in a FLEC (Field and Laboratory Emission Cell) micro-chamber according to the NT Build
438 standard, corresponding to ENV 13419-2. The FLEC method has become internationally
recognized for measuring chemical emissions from a range of materials (Gustafsson 1999).

The FLEC differs considerably from traditional types of emission chambers. The cell is in the
shape of a lid which is positioned on the emission source to be tested, see Figure 6.1. Contrary to
traditional chambers the air is mixed without any fans due to the cylindrical cross-sectional area
which is constant from the perimeter.

Figure 6.1. The FLEC micro-chamber

The emission measurements commenced after 28 days conditioning at a standard climate, 23 °C,
50 % RH. NT Build 438 specifies that the emission rate (“emission factor”) shall be expressed as
ug of emitted substance per m? of material surface area and hour.

The emission measurements with FLEC are made using clean air (<0.1 ppm HC) and passing an
air flow of 100 ml/minute through the cell for a period of 24 hours. At the end of this time, two
samples are taken of the air leaving the cell by passing the air through an appropriate adsorption
medium. VOCs are defined as the substances that can be adsorbed on and thermally desorbed on
Tenax TA®, in the retention time range from hexane to octadecane.

The result is given as Total Volatile Organic Compounds (TVOC) (FID area), defined as all the
integrated peaks eluting from a non-polar capillary GC-column between hexane and octadecane,

" This part of the report was presented at the 34™ Annual Meeting of the International Research Group on Wood
Preservation (IRG) in Brisbane, Australia on 18-23 May 2003 (Document IRG/WP 03-40266).
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and detectable by a flame ionisation detector (FID). The areas of the peaks are converted to
concentrations using the toluene response factor.

Individual, emitted chemical substances are identified by MS and quantified by GC-FID.
The quantification of individual compounds is performed with the specific compound as
reference.

6.2 Results and conclusion

In Table 6.1 the emission rates for TVOC four weeks after application are shown. Table 6.2
shows the emission rates for specific, identified compounds. All VOC measurements are
expressed as average values for two simultaneous samplings.

Table 6.1. Emission rates (toluene equiv.) for heat-treated and untreated spruce 4 weeks after
application, pg/(m? x h).

Heat-treated Untreated
TVOC (FID-area) pg / (m? x h) <10 12

Table 6.2.  Emission rates (toluene equiv.) for specific, identified compounds from the heat-
treated and untreated samples after 4 weeks, pg / (m? x h).

Compound Heat-treated Untreated
Furfural <5 -
Pentanal - <5
Hexanal - <5
a-pinene - 6
B-pinene - <5
Limonene - <5
Nonanal - <5

The emission factor, expressed as TVOC and as specific compounds, was less than 10 pg/(m* x
h) which was less than for the untreated reference. This is probably owing to the depletion of
VOCs during the heat treatment. Thus, VOC emissions do not seem to constitute any major
problem for heat-treated wood, providing it is properly conditioned after treatment, and should
therefore not prevent the use of heat-treated wood indoors.
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7 Durability testing of heat-treated wood

Joran Jermer, Marie-Louise Edlund

7.1 Introduction

Durability testing has been carried out in the laboratory as well as in the field according to
various test methods. The tests in the laboratory have been carried out in unsterile soil in
Terrestrial Micro-Cosms (TMC). In the field, the stake test EN 252 has been used as well as a
ground proximity multiple layer method (Héger 1979, Nilsson 1993). This method simulates
exposure near and above the ground. A specially designed Greenhouse test hut (Terziev, Edlund
2000) has been used for testing the resistance against discolouring micro-organisms.

7.2 Material

In each trial, material as specified in Table 7.1 has been tested.

Table 7.1 Material tested.

Material Specification

Heat-treated pine (Pinus sylvestris) Intended for use class 3 (above ground)

Heat-treated spruce (Picea abies) Intended for use class 3

Pine (Pinus sylvestris) control Untreated pine sapwood

Spruce (Picea abies ) control Untreated spruce

Preservative-treated: Retention 19 kg/m’ (Nordic class AB, i.e. use class 3)
Kemwood ACQ 1900

Preservative-treated: Retention 8,8 kg/m’ (Nordic class A, i.e. use class 4)
CCA —A (Tanalith CT 106)

Preservative-treated: Retention 5,4 kg/m” (Nordic class AB, i.e. use class 3)
CCA — AB (Tanalith CT 106)

7.3 Methods

7.3.1 Terrestrial Micro-Cosm (TMC)

Small stakes 5 x 10 x 100 mm were inserted to approximately
80 mm depth in containers with unsterile soil. Four different
soils, each characterized by its dominating wood-destroying
micro-organism(s) were used. There were 10 samples of each
material (Table 7.1) in each soil. The TMCs were kept at
25 °C and 85 % relative humidity during the time of exposure | Faees
which was 12 months. The samples were dried at 1032 °C|
and weighed before and after exposure to calculate the weight

. Fiure 7.1. besign of
OSS. Terrestrial Micro-Cosm TMC
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Table 7.2. Origin of soils used and related
dominating micro-organisms

Figure 7.2. Sound wood and wood
with different types of fungal attack

Brown rot

Sound wood

Soil origin
organisms

Dominating micro-

S8 ;,‘.!:
"J rf.\ o)
‘f(' K ot

Simlangsdalen =~ Brown rot
old field

Ultuna (Uppsala) Soft rot and tunnelling

\ o3 24 fr
73 J.“i‘ Yo' Ze

test field bacteria

Forest White rot soft rot

Compost Soft rot och bacteria
7.3.2 Field test EN 252

Ten stakes 25 x 50 x 500 mm of each
material (Table 7.1) were installed in two
test fields, the Simlangsdalen test field
and SP’s test field in Bords. Both test
fields are located in South-Western
Sweden. The latter has been prepared of
soil from Simlangsdalen, compost and
soil of unknown origin from the Boras
area. Brown rot, white rot and soft rot all
occur in that field. The Simléngsdalen old
test field has been used since 1943 and
was formerly agricultural land. This field
is dominated by brown rot, but white rot
and soft rot appear as well.

The stakes are inspected once a year and
the extent of decay is graded according to
the rating in Table 7.3.

By adding the index of decay for the
stakes of each group and dividing the sum
by the number of stakes, the average
index of decay for each preservative and
retention level is obtained. When all
stakes in a group have failed (average
index of decay = 100), the average life is
calculated.

Figure 7.3. Detail of SP’s test field in Borés.

Table 7.3. Grading system according to EN 252.

Definition of Rating Decay
condition index
Sound — no decay 0 0
Slight decay 1 25
Moderate decay 2 50
Severe decay 3 75
Very severe decay 4 100

(stake rejected)

7.3.3 Ground proximity multiple layer field test

Each test unit consists of ten samples 22 x 95 x 250 mm that are stacked two by two in five
crossed layers, with the bottom layer on the ground. To avoid weed growth the ground has been
covered with a geotextile, permeable for micro-organisms.
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Tests according to this method are carried out at SP’s test field in Boras, at the BAM in Berlin
and at an American test site in Hilo, Hawaii. The latter has been chosen to get faster information
on the performance of the samples tested. One stack of each material is exposed at each test site.
In this trial the evaluation with respect to decay and attack by discolouring organisms is focussed
on the top and bottom layers only. The grading systems are presented in Tables 7.4 and 7.5.

Figure 7.4. Ground proximity multiple layer test design

Table 7.4. Grading system for decay attack.

Rating Description Definition

0 Sound No evidence of decay

1 Slight-moderate ~ Visible signs of decay; small areas of decay, typically not more than
attack 3 em’.

2 Severe attack Marked softening and weakening of the wood typical of fungal
decay; distinctly more than 3 cm” affected.

3 Failure Very severe and extensive rot, members often capable of being
easily broken.

Table 7.5.  Grading system for attack by discolouring micro-organisms

Rating Description Definition
0  No discolouration No evidence of discolouration caused by micro-organisms
1 Slight discolouration Individual spots

2 Distinct discolouration ~ Groups of spots/streaks and/or patches of continuous
staining

3 Total discolouration Entire surface area

7.3.4 The Greenhouse test hut
Samples 22 x 95 x 200 mm were exposed in a greenhouse hanging approximately 10 cm above a
berth of soil. By spraying the soil with water a high humidity was maintained in the greenhouse.
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Five samples of each material (Table 7.1) were exposed during 14 months. The samples were
inspected each month and the discolouration was rated in six grades.

Figure 7.5. The Greenhouse test hut, designed for testing
wood against discolouring organisms.

7.4 Results

T™C

The results from the TMC tests are presented in Table 7.6. The mass loss is shown for the
individual materials tested in each soil. For each material the average mass loss for all soils is
also shown. The heat-treated material has performed very well in all soils and the average mass
losses are lower than those of the preservative-treated wood.

Table 7.6. Mass losses for samples exposed 12 months in different soils. The mass losses are
calculated as the average for 10 samples.

Material tested Mass loss, %o m/m in different soils after 12 months’ testing

Simlingsdalen

soil Ultuna soil Forest Compost All soils

Heat-treated pine
(Pinus sylvestris) 2 4 3 5 3
Heat-treated spruce
(Picea abies) 3 5 4 6 5
Pine (Pinus
sylvestris) control 42 41 17 95 49
Spruce (Picea abies)
control 37 38 17 71 41
Preservative-treated:
Kemwood ACQ 1900 4 4 5 30 11
Preservative-treated:
CCA-AB 5 16 3 43 17
Preservative-treated:
CCA-A 2 9 1 25 9
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EN 252

All stakes have been inspected after two years’ exposure and the result is shown in Figure 7.6.
The bars for the heat-treated wood are presented in different colours as the high rate of failure
was not caused by decay as confirmed by a microscopical analysis, see 7.5 below.

100

20

80

70

60

50

Index of decay

40

30

20

il

(Spruce HT)  (Pine HT) Pine Spruce ACQ 1900 CCA-A CCA-AB
sapwood

@sP
B Siml

Figur 7.6. Decay index for samples in ground contact after two years’ exposure in
Simlangsdalen (SIM) and Boras (SP).

Ground proximity test

Only the results from the Boras test site are reported here. The tests in Berlin and in Hilo, Hawaii

are in progress and will be inspected and reported at a later stage.

After two years’ exposure no decay was found in the heat-treated samples. Minor attack (rating
1) of decay was found in the bottom layer of the spruce controls. Thus, the presentation here is
focussed on the results of the microbiological discolouration on the bottom and top layers
respectively, see Figures 7.7 and 7.8. The upper surface of the top layer and the bottom surface of
the bottom layer generally seem to be most susceptible to discolouring micro-organisms. The
heat-treated wood has so far shown good resistance against discolouring micro-organisms, equal

or better than the preservative references and far better than the untreated controls.
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Bottom layer

@ Upper surface
B Lower surface

Microbiological discolouration

11l

Pine Spruce  Spruce HT Pine HT  ACQ 1900 CCA-A CCA-AB
sapwood

Figure 7.7. Microbiological discolouration on the upper and bottom surface respectively
of the bottom layer. Average for the two samples in the layer.
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Figure 7.8. Microbiological discolouration on the upper and bottom surface respectively
of the top layer. Average for the two samples in the layer.

The Greenhouse test hut

Figure 7.9 shows the development of the discolouration during the 14 months’ test period. The
preservative-treated references have performed better than the heat-treated material and untreated
controls.
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Microbiological discolouration

Figure 7.9. Microbiological discolouration of samples exposed for 14 months
in the Greenhouse test hut.

7.5 Discussion and conclusions

Durability — decay fungi

In the decay tests in terrestrial microcosms, heat-treated pine and spruce show an extremely good
resistance against all kinds of decaying fungi. The test is based on mass loss after exposure and
the heat-treated samples had lower mass losses in all types of soils than samples treated with
CCA or Kemwood ACQ 1900. The low mass loss found in this test is in agreement with other
studies in the laboratory (Nordic Wood 2000), where heat-treated wood has been tested
according to EN 113 and various soil-block tests. One would therefore expect good performance
also in the stake test. However, after two years’ testing in ground it is clear that heat-treated
wood according to the specification in this trial is not suitable for end-uses in ground contact.
There is a relatively high rate of failure, but a microscopical analysis carried out on these stakes
shows no indication of decay. As the rating is based on the strength loss, the explanation for the
high rating is probably that the strength loss as a result of the heat-treatment itself is further
enhanced by the subsequent wetting in the ground and possible chemical degradation. This has to
be confirmed by further studies.

No decay of heat-treated wood has yet been found in the ground proximity multiple layer field
test exposed in Sweden.

The results obtained so far confirms that heat-treated wood from a durability point of view seems
to be most suitable for above-ground end-uses, where strength is not a decisive property, but that
more knowledge still is required to evaluate the performance of differently heat-treated wood in
different end-use situations.
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Durability — discolouring organisms

Evaluation of the results from the ground proximity multiple layer field test and the Greenhouse
test hut has shown that heat-treated wood according to the specification tested is less susceptible
to discolouring organisms than untreated wood but not as good as preservative-treated wood
tested.
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Varmebehandlat tra

Inledning

Under 1990-talet har virmebehandling som bestandig-
hetsforbattrande atgéard aktualiserats och olika processer
har utvecklats i Finland, Frankrike, Nederlanderna och
Tyskland. Den forbattrade biologiska bestandigheten beror
pa annu ofullstandigt kdnda forandringar i traets kemi.

Produktion av varmebehandlat trd i ndgon namnvard
skala har hittills endast kommit igdng i Finland, dar
30 000-40 000 m? producerats drligen under de senaste
aren. En betydande del av den finska produktionen har
exporterats till Vasteuropa.

Det pagar f n en hel del forskning och studier kring
varmebehandlat trd. Kunskaperna om materialets
bestdndighet och olika tekniska egenskaper ar emellertid
annu relativt begransade.

I detta tekniska datablad redovisas vad man vet idag
(dec 2002) om varmebehandlat tréds egenskaper.

Tillverkning . : =
Gemensamt for de nagot olika processer som finns for Fasadpanel limpar sig vl for virmebehandlat tri. Bilden ir frin
varmebehandling ar att virket varms upp i ett slutet Karl till  spigstadion i Lahtis, Finland.

temperaturer mellan 180 och 240°C. Vid sa hoga temperatu-
rer utvecklas brannbara gaser (trdet pyrolyserar) och for att
undvika att dessa antdnds sker uppvarmningen i en syrefri
atmosfar, antingen i kvéavgas eller vattenanga. I en sarskild
process som utvecklats i Tyskland sker uppvarmningen i en
vegetabilisk olja (t ex rapsolja).

Tiden for en behandling varierar kraftigt beroende pa
vilken process som anvinds. Med vegetabiliska oljor
som varmemedium gar processen pa 10-15 h, medan
man fOor andra processer talar om totala behandlingstider AT e i .
fran 30-40 h upp till nagra dagar. PN Pl |

Flera olika trdslag kan behandlas, t ex furu, gran, bjork h
och asp.

Egenskaper

Skyddseffekt och tekniska egenskaper varierar med den
process virket behandlats med. Detta datablad ger darfor
endast generell information om varmebehandlat trds egen-
skaper. Om det dr nagon sérskild egenskap som ar kritisk
for en viss konstruktion eller ett visst anvandningsomrade,
sa hanvisas till det tekniska databladet for det aktuella vér-
mebehandlade virket.

Anliggning for virmebehandling av tri.

Skyddseffekt mot traférstérande organismer
Skyddseffekten mot trafoérstorande organismer dr avgo-
rande for det virmebehandlade trdets bestandighet, “livs-
langd”. I foljande tabell redovisas dokumenterade erfaren-

heter.

OURYY]
SP Sveriges Provnings- och Forskningsinstitut ay_.u o
SP Byggnadsteknik éﬁr 1,
Box 857, 501 15 BORAS s P z
Telefon 033-16 50 00, Telefax 033-13 55 02, E-post info@sp.se, Internet www.sp.se 7 g

SP INFO 2002:04



Triforstorande organism

Skyddseffekt

Rétsvampar

I standardiserade laboratorieprovningar uppvisar virmebehandlat
trd en béttre motstandskraft mot rétsvampar dn obehandlat tré.
Skyddseffekten &r avhingig behandlingstemperatur och -tid.
Hogre temperaturer och ldngre behandlingstider ger generellt sett
bést resultat. Varmebehandlat barrtrd ger som regel battre
skyddseffekt dn virmebehandlat 16vtrd. Vederhéftig
dokumentation 6ver jaimforande provningar i félt och
laboratorium med obehandlat och traditionellt traskydds-
behandlat trd saknas emellertid dnnu.

Missfirgande svamp

Virmebehandlingen ger inget sérskilt skydd mot missfirgande
mogel- och blanadssvampar. Har virmebehandlingen skett i
vegetabilisk olja 6kar risken for angrepp av missfirgande svamp,
om inte sérskild tillsats av fungicid gjorts till oljan.

Insekter (husbock, strimmig
trignagare)

Preliminéra studier visar att virmebehandlat trd ger skydd mot
husbock. For andra tréforstérande insekter saknas information.

Insekter (termiter)

Virmebehandlat trd ger inget skydd mot termiter.

Marina triskadegorare

Uppgift saknas, men provningar pagar.

Tekniska egenskaper

De tekniska egenskaperna hos virmebehandlat trd kan sammanfattas enligt tabell nedan.

Egenskap

Dokumenterad effekt

Allmiint utseende, firg,
firgbestindighet

Det behandlade virket far en brunaktig farg. Fargen blir ljust
brun vid laga behandlingstemperaturer och morkt brun vid hoga
behandlingstemperaturer. Fargen &r inte stabil mot UV-ljus,
varfor den relativt snabbt Gvergar i en graaktig ton. Pa
viarmebehandlad furu och gran kan man f utsvettning av kada
som kan ge flackar pa virket. Dessa kan dock avldgsnas genom
hyvling av virket efter behandlingen. Lossnande kvistar &r ett
problem vid virmebehandling av savil gran som furu.

Lukt

Nybehandlat trd har en karakteristisk roklukt, som dock avtar
relativt snabbt med tiden.

Hygroskopicitet,
jamviktsfuktkvot

Virmebehandlat trd har ldgre hygroskopicitet &n obehandlat och
jamviktsfuktkvoten minskar med ca 50 %. Leveransfuktkvoten
ligger vanligen mellan 3 och 10 %.

Dimensionsstabilitet, sprick-
bildning

Viarmebehandlat trd uppvisar en hogre dimensionsstabilitet dn
motsvarande obehandlat. Minskning av svéllning och krympning
i laboratorieforsok, uttryckt som ASE (Anti-Shrinking
Efficiency), uppgar till mellan 50 och 90 %. Resultat fran
utomhusexponeringar saknas emellertid.

Vikt

Har virmebehandlingen gjorts i en atmosfir av kvéve eller




vattendnga minskar densiteten med 5-15 %; for virke som
behandlats med vegetabilisk olja som virmemedium 6kar vikten.
Viktokningen kan styras med hjélp av processen beroende pé hur
mycket olja man 6nskar i virkets ytskikt efter behandlingen.
Oljan ger ocksa virket en viss vattenavvisande effekt, som
emellertid avtar med tiden.

Hallfasthet

Virmebehandlat trd dr sprodare dn obehandlat, och b6j- och
draghéllfastheten minskar med 10-50 %; minskningen blir storre
ju hogre temperaturen ar.

Eftersom virket blir sprott, kan det vara en fordel att forborra hal
for skruvforband. Utdragshéllfastheten for fastdon ar lagre dn for
obehandlat tré.

Malbarhet

Erfarenheter hittills visar att 16sningsmedelsbaserade alkydfarger
gér bra att anvianda men att viss forsiktighet rekommenderas med
vattenbaserade system, eftersom véarmebehandlat trd har lagre
vattenupptagningsforméga dn obehandlat. Elektrostatiska
malningar kriver uppfuktning av virkesytan.

Limbarhet

Fenol-resorcinol-formaldehydlim ger bra resultat. PVAc och PU-
lim kan anvéndas under sérskilda férhallanden. Reducerat tryck
vid sammanfogningen skall anvindas med hénsyn till materialets
sprodhet.

Bearbetningsegenskaper

Bearbetning kriver vilslipade verktygsstal med tanke pa att
virket dr sprott och latt flisar sig. Det gér léttare att saga i
viarmebehandlat trd &n i obehandlat. Bearbetningsdammet &r
mycket finférdelat och torrt och kan orsaka irritation i
andningsvégarna.

Korrosivitet

Uppgifter saknas. Fistdon av rostfritt eller varmforzinkat stal
rekommenderas tills korrosionsegenskaperna dr battre
dokumenterade.

Virmeledningsformaga

Reduceras med 10-30 %.

Brandegenskaper, antindning

Uppgifter saknas.

Emissioner Dokumentationen dr dnnu ofullstdndig, men inledande studier
visar att virmebehandlat trd inte tycks avge nagra skadliga
dmnen till luften.

Avfallshantering Avfall frén virmebehandlat trd kan hanteras och behandlas pa

samma sitt som avfall fran obehandlat tri.




Anvandningsomraden
Véarmebehandlad furu och gran kan anvéandas i en rad till-
lampningar utomhus ovan mark, tex:

e tradgardsmobler

* panel

e div utomhussnickerier
e staket

Anvéandning i markkontakt rekommenderas for ndrvarande
inte.

Véarmebehandlad bjork och asp kan anvéndas inom-
hus, dér 6kad dimensionsstabilitet och minskad jam-
viktsfuktkvot och en vacker farg har avgorande bety-
delse, t ex for:

* mobler

e koks- och bastuinredningar
e parkettgolv

e panel

Varmebehandlat tréd skall inte anvandas i barande konstruk-
tioner som ar kritiska fran personsdkerhetssynpunkt.

Klassificering och kvalitetskontroll

Det finns f n inget etablerat system for klassificering av
varmebehandlat tra, jfr t ex det nordiska klassificerings-
systemet for traskyddsbehandlat (impregnerat) tra.

Likasa saknas ett externt kvalitetskontroll- och certifie-
ringssystem.

Producenterna av virmebehandlat trd har emellertid
som regel ndgon form av processtyrning och -kontroll
for att fa fram produkter som har olika egenskaper och
lampar sig for olika anvandningsomrdden. For varje
kombination av trdslag och virkesdimension anvinds en
specifik process for att uppna ett visst resultat. De para-
metrar som i forsta hand anvands for att styra resultatet
ar temperaturen samt uppehallstiden i maximal tempe-
ratur.

Las mer
Dokumentation (CD-ROM) frén Nordic Wood Temadag
”Varmebehandlat trd- egenskaper och anvandningsomré-
den” (nov 2000)

Denna kan bestéllas fran SP Sveriges Provnings- och
Forskningsinstitut, fax 033-13 45 16, eller fran Norsk
Treteknisk Institutt, fax +47 22 60 42 91.
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