ISSN : 0974 - 7486 Volume 12 Issue 1

A Tndéian Yournal

— Fyfl Peper

M SAIJ, 12(1), 2015 [017-021]

M echanical behaviours of wood before and after heat-treatment.
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ABSTRACT

Heat-treatments may be applied to wood to reinforce its resistance against
biologic attacks. However this may modify the mechanical propertiesof this
material and such consequences must be better known. In thiswork the two
following wood species are concerned: beech and poplar. In the first part
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this was the compression properties which were analysed versus heat-
treatment. In this second part the work is extended to flexion properties:
elasticity modulus and rupture modulus. Bending tests were performed on
four samples for each wood species and each state (raw or heat-treated). It
appeared here that, contrarily to what was previously observed for
compression, applying the considered heat-treatment led rather to adecrease

in the mechanical properties revealed by bending tests.
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INTRODUCTION

Wood issensitiveto biologic aggressions. Toim-
proveitsres stance aheat-treatment is often applied
3, Thiseffectively enhancesthe biologic resistance™®
but it dsoinduceschangesin other properties. decrease
in density and in hygroscopic character*®l, colour
changes and improvement in dimensional stability?.
Heat-treatment may have some consequencesonthe
mechanica resistianceof wood. It wasearlier found that
the heat treatment may cause adecreasein Young’s
modulus and rupture modulus®?. But the oppositere-
sults can be also found, as observed for beech and
poplar'® during compressiontestsat ambient tempera-

ture.

After having studied, in thefirst part of thiswork,
the effect of aheat-treatment onthe physical and com-
pression properties of beech and poplar, it was here
envisaged toinvestigatethe effect of heat-treatment on
flexure properties of the samewood species, by per-
forming bending tests.

EXPERIMENTAL DETAILS

Prepar ation of thewood samplesand deter mina-
tion of their densitiesand thehumidity degrees

Asfor the compression samplestested inthefirst
part of the study*” the samplesfor bend test were ma-
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Figurel: Thebendingtest apparatuswith araw wood sample
ready tobetested

chined in planks bought by Prodeo S.A. (Avenches,
Switzerland). Preliminary sawed to obtain smaller
boards (33 cm x 20 cm x 3 ¢cm) some of them were
heat-treated in an electrical furnace (heating up to
230°C, dwell and cooling down to laboratory tempera-
ture) under anitrogen flow coming fromabottle. The
other boardswere not heat-treated (raw wood) to al-
low comparisons.

The raw boards as well as the heat-treated ones
were sawed and thereafter they were planedin order

Woaterioly Stience - mm—"

to obtain the samples. Sixteen sampleswerethusavail-

ablefor thebending tests:
o Eight samplesof beech: four raw samplesand
four heat-treated samples
o Eight samplesof poplar: four raw samplesand
four heat-treated samples
Thedimensionsof al of themwere: 200 mm x 50
mm x 25 mm.

Themethodsof determination of thevolumemass
and the humidity leve of the beech and poplar samples
inthetwo states (raw and heat-treated) were already
described inthefirst part of thiswork™.,

Thebending tests

Thetesting machinewhichwasused for the bend-
ing testswasthe one previoudy used for the compres-
siontests'®: an electro-mechanicad MTSALLIANCE
RT/100 testing machine (capacity: 100kN) driven by
the TESTWORKS 4 software of MTS. It was
equipped with an gpparatus alowing three points-flex-
iontest. Thisoneisillustrated with apositioned wood
sampleinFigure 1.

Duringtheteststhe gpplied forcewas continuously
measured with the 100kN-cell present between the
horizontal mobilepart and the upper part of the bend-
ing test gpparatus. The shifting of theupper support (a
metallic cylinder) was considered to valuethe defor-
mation of thesample. It was continuoudy measured by
cons dering the position of the horizontal mobile part.

The space between the two lower supports was
165 mm. Therate of the movement of the upper con-
tact point was 25 mm/ min for all test and the tests
were continued until rupture.

RESULTSAND DISCUSSION

Thebending testswere performed on all the pre-
pared samples(illustrationin Figure 2inthecaseof a
heat-treated sample), for atimelong enough to reach
rupture. The compressive strain wasrecorded in the
sametime astheincreasing force applied. The pro-
gressivedeformation of the samplesinflexionisillus-
trated in Figure 3 (on one of the heat-treated sampl es)
and someof theobtained { central upper support move-
ment — applied force} are presented in Figure 4 as
illugtrativeexamples.
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Figure?2: Successiveviewsof thebendingtest of oneof the
wood samples, (here: heat-treated wood)

The results of elasticity modulus and rupture
modulus (rupture strength) which were determined
on the curves are listed in TABLE 1 for raw and
heat-treated beech and in TABLE 2 for raw and heat-
treated poplar.

The elasticity modulus was calculated accord-
ing to equation (Eg. 1) while the rupture modulus
was cal cul ated according to equation (Eq. 2).

s Fe X f—;_.,—':
Elasticity modulus = FETE T pow (1)
funt s = 3% X L

upture modulus = —————~ )

where; F_isthevaue of the applied force when the
end of theelastic deformationisreach; F isthevalue
of the applied force when the end of the ruptureis
reach; zisthe shifting of the upper support (from
itsinitial position at the test beginning) when the
elasticity limit is reached; b is the width of the
sample; h is the thickness of the sample; L isthe
space between the two lower supports.

General commentaries
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Figure3: Progressivedefor mation of asampleduring bend-
ing test

By looking at TABLE 1 and TABLE 2 one can
seethat the el asticity modul us of beech wasincreased
by the heat-treatment while it was more theinverse
effect for poplar. Concerning the rupture modulus a
significant decrease dueto the heat-treatment can be
noticed. Thelatter result isin good agreement with
what was observed by Shi et al” and by Mburu et
alt®l,

Thus as previously seen for the compression
propertiesfor the same wood species’?, theapplied
heat treatment modifiesthe mechanical behavior of
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TABLE 1: Flexurepropertiesand physical propertiesof thebeech samplesin thetwo conditions; (raw and heat-treated)
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M echanical properties Physical properties

BEECH . Density Humidity
elasticity modulus (GPa) Rupture modulus (M Pa) (kg/ m°) (%)
Raw 4.23+0.7 126+16 437 7.3£0.9
Heat-treated 5.88+0.17 106+6 371+17 2.6£0.2

TABLE 2: Flexurepropertiesand physical propertiesof thepoplar samplesin thetwo conditions; (raw and heat-tr eated)

M echanical properties

Physical properties

POPLAR . Density Humidity
elagticity modulus (GPa) Rupture modulus (M Pa) (kg/ md) (%)
Raw 2.29+0.14 8+4 437 7.3+0.9
Heet-treated 1.93+0.19 58+6 371£17 2.6+0.2

Figure4: Someof thebendingtest curvesobtained

beech and poplar when bending-solicited. However
this was here not in the same direction since hest-
treatment tended more increasing/improving theri-
gidity and the rupture strength in compression. This
showsthat the behavior of wood may be rather com-
plex and the heat-treatment (with its consequences
on both density and humidity, values reminded in
thelast columns of TABLE 1 and TABLE 2) hasan
influence which depends on the solicitation mode.

CONCLUSION

Asseeninthefirst part which dealt with the com-
pression properties™™, and inthissecond part concerning
flexion deformation, the heat trestment which can be
applied to wood to strengthen it against biologic ag-
gressions may have significant consequenceson the

|

Figure5: Someof theraw and heat-tr eated beech and poplar
samplesafter bending test

mechanical behavior of thismaterial. Theeffectsare
not al clear and the work on thesetwo wood species—
beech and poplar — and this type of heat-treatment may
bethereafter enriched with, for example, tensiletests
and Brinell indentation to extend the study to tensile
properties and hardness. The heat-treatment param-
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eters may be also changed to investigate the influ-
ence of temperature and duration.
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