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Mechanical behaviours of wood before and after heat-treatment.
Part 1. Propertiesin compression of beech and of poplar
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ABSTRACT

Wood is sensitive to biologic attacks and this vulnerability may require
heat-treatment to improveitsbiol ogic resistance. Thisoperationisnot neutral
for the physical properties of wood but a so for its mechanical behaviour. In
this work two wood species, beech and poplar, were characterized in
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compression at room temperature to study the effect of heat-treatment on
the compression properties, by comparison to the not heat-treated state. It
was found that heat-treating beech and poplar led to the enhancement of
stiffness and an improvement of the compression resistance, in both cases.
The Young’s modulus as well as the ultimate compression strength were

significantly increased.

INTRODUCTION

Woodisamateria characterized by itslow cost, a
low density, easy to supply and, naturally, biodegrad-
able. However it presents a general rather complex
behaviour becauseitshigh degree of anisotropy and a
hygroscopi ¢ character. Obtaining sufficient and sustain-
ablepropertiesrequiresnotably high res stance against
biologicd attacks(mushrooms, insects. . .). Many works
aimed to enhance the biologic resistance of wood by
modifyingit by applying heeat treatments*l. Hest treat-
ment, dsocdled pyrolyss, dlowsmodifyingwood with-
out using externa chemical products. Heat induces
phys cochemica modificationsinwood. Such hegt treet-
ment isgenerally performed ininert atmosphere and
under controlled temperature and gas pressure, with as
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resultsadecreasein hygroscopic character®, anim-
proved dimensionad stability? and abetter biologic re-
sistance®. However heat treatment may additionally
cause colour changes, masslossor decreasein density.
Recently it wasfound that the heat treatment may in-
duce alowering of the Young’s modulus, and of the
rupturemodul ug®?.

In the present work it iswasin the case of wood
samples coming from two typesof trees, beech onthe
first hand, and poplar on the second hand, that the ef-
fect of aheat treatment on the mechanica properties
wasinvestigated. Inthisfirst part thisisthe properties
incompress onwhich arestudied, whilethe second part
will ded withthebehaviour inflexion.

EXPERIMENTAL DETAILS
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Preparation of thewood samples 3cm (thickness). Someof thelatter oneswerekeptin
. their present state while the other ones were heat-

The planks used for the st.udy were provided by treated. The heat treatment wasachievedin aparallel-
Prodeo S.A. (Avenches, Switzerland). They were  enined dectrical fumacein stainlesssted!, under aflow
sawed to obtain small boardseesier tomanipulate. Their  of nitrogen coming from abottle. Theheating waspro-
dimensionswere33 cm (length) x 20 cm (wideness) X gressively doneuntil reaching pyrolysis(230°C). This
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wasfollowed by acooling down to ambient tempera-
ture. Thegasesissued from drying weretrapped ina
water condenser whichwasthereafter burned. Thepart
which was not condensabl e, principally composed of
CO, and N,,, can berecycled to be used asinert atmo-
spherefor thefurnace.

The not heat-treated boards as well as the heat-
treated ones underwent sawing then planed to obtain
the samples. Sixteen sampleswerethusavailablefor
thecompression tedts:

o Eight samples of beech: four not hest-trested
samplesand four heat-treated samples

o Eight samples of poplar: four not heet-trested
samplesand four heat-treated samples

Thedimensionsof dl of them were: 60 mm x 20
mm x 20 mm.

Determination of thedensity and thehumidity de-
gree

Thevolumemassof each type of wood (beech and
poplar) for the two conditions (not heat-treated and
heat-treated) wasca culated by smply dividingthemass
(balance Mettler PC440, precision: 0.01g) of sample
by itsvolume (dimensions measured by an electronic
cdlliper, precision: 0.01mm). Thesemessurementswere
donefor the samplesin thelaboratory conditions (tem-
perature: 22°C and ambient humidity: 10%).

Thehumidity level of each samplewasdetermined
by weighing them before (m, ) and after (mdry) adry-

Compression stress increasing
Figure3: Progressive defor mation of asampleduring compression test; (here: not heat-treated poplar)
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Beech; state:
not heat-treated

0.06

Figure4: Thecompression curvesobtained for beech; (top: not heat-tr eated beech, bottom: heat-tr eated beech)
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Poplar; state:
heat-treated
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Figure5: Thecompression curvesobtained for poplar; (top: not heat-treated poplar, bottom: heat-treated poplar)
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TABLE 1: Compression propertiesand physical propertiesof thebeech samplesin thetwo conditions; (heat-treated or not)

Mechanical properties Physical properties

BEECH
, Density Humidity
Y oung’s modulus(GPa) Ruptur e modulus(M Pa) (kg/m’) (%)
Not heat-treated 8.35+1.64 53+7 726425 7.6+0.2
Heat-treated 13.15+0.37 672 679+14 3.2£0.3

TABLE 2: Compression propertiesand physical propertiesof thepoplar samplesin thetwo conditions; (heat-treated or not)

Mechanical properties Physical properties

POPLAR Y oung’s modulus Rupture modulus . 3 o
(GPa) (MPa) Density (kg/ m?) Humidity (%)
Not heat-treated 3.98 40 437 7.3£0.9
Heat-treated 7.64+0.13 42+5 371£17 2.6+0.2

ing cycledoneinastove(initia temperature: 103°C),
and calculated by h(%) = 100 x (m -mdry) / My,

The compression tests

hum

Thetesting machinewhich was used for the com-
pression testswas an el ectro-mechanica one aMTS
ALLIANCE RT/100 (capacity: 100kN) driven by the
TESTWORKS 4 softwareof MTS. It was equipped
two platenswith auto-alignment. A sampleplaced be-
tween thetwo platensisshownin Figure 1.

The continuous measurement of the applied force
wasdonewiththe cell (capacity: 100kN too) present
between the horizontal mobile part and the upper platen.
The continuous measurement of the compressivestrain
was deduced from the position of the horizontal mobile
part.

The compression runsweredonewith arate of 5
mm/min, until rupture. Thedasticity modulus(Young’s
modulus) and therupture modulus (ultimate strength)
were determined from the obtai ned strain-stress com-
pressivecurves.

RESULTSAND DISCUSSION

The compression testswere performed on all the
prepared samples(illustrationin Figure 2), until rupture
occurred. Thecompressivestrain wasrecorded in the
sametimeastheincreasngforceapplied. Theprogres-
svedeformationin compression of thesamplesisillus-
tratedin Figure 3.

The compressionrunsweredoneuntil rupture. The
elasticity modulus (Young’s modulus) and the rupture
modulus (ultimate strength) were determined from the

obtained strain-stresscompressivecurves. Thesecurves
arepresented in Figure 4 for the beech samplesintheir
not heat-treated (top) and heat-treated conditions (bot-
tom) andin Figure5for the poplar samplesintheir not
heet-treated (top) and hesat-treated conditions (bottom).
Theexploitation of these curvesled to theresults
presented in TABLE 1 for the not heat-treated beech
and the hesat-treated one, and in TABLE for the not
heat-treated Poplar and the heat-treated one.

General commentaries

Thefirst effectsof the heat trestment on thewood
propertiesare on the density and ontheir humidity. In-
deed by comparison with the not heat-treated state the
heat-treastment inducesalittledecreaseindensty and a
ggnificant fal inhumidity, for beech aswell asfor pop-
lar.

Heat-treatment had al so an influence on the com-
pression behavior of thesetwo wood species. Thiscan
befirst seen by looking at the obtained curveswhich
first present aworse reproducibility after heat-treat-
ment than before, for the two wood species. Further,
after thetensile strength isreached the applied stress
falsmorerapidly for the heat-treated state than for the
not heat-treated one. In contrast the Young’s modulus
ishigher after heat-treatment than before, and therup-
turestrength (i.e. themaximal strength) isasohigherin
the heat-treated state than in the not heat-treated one.

CONCLUSION

Thus, asdemonstrated herefor atypica heat-treat-
ment which can be applied to wood for increasing its
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biologic resistance, heat-treating wood logically de-
creasesitsdensity anditshumidity degree, butisaso
not neutral for itsmechanica properties. Asshown here
for beech and poplar, stiffnessand resistancein to com-
pression aresignificantly increased, asamatter of fact
more for the Young’s modulus that for the ultimate
strength. Thisstudy will continuefor theflexion behav-
ior, inthe second part of thiswork%,
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