N

N

Adjustements of mechanical and hydraulic properties of
wood formed under environmental stresses

Benjamin Niez, Jana Dlouha, Bruno Moulia, Eric Badel

» To cite this version:

Benjamin Niez, Jana Dlouha, Bruno Moulia, Eric Badel. Adjustements of mechanical and hydraulic
properties of wood formed under environmental stresses. 6eme journées du GDR 3544 ”Sciences du
bois”, Nov 2017, Nantes, France. GDR. 3544, 174 p., 2017, Actes des 6eémes journées scientifiques du
GDR 3544 Sciences du Bois. hal-01666919

HAL Id: hal-01666919
https://hal.science/hal-01666919
Submitted on 18 Dec 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01666919
https://hal.archives-ouvertes.fr

T UNIVERSITE
Clermont

= IN?A Adjustments of mechanical and hydraulic properties of wood

formed under environmental stresses A
SCIENCE & IMPACT U M R. PIAF

Niez Benjamin ¢ Dlouha Jana °, Moulia Bruno ® Badel Eric ®

@ Université Clermont Auvergne, INRA, PIAF, F-63000 Clermont-Ferrand, France
® INRA, UMR LERF0B, 54280 Champenoux, France

Mail : benjamin.niez@inra.fr
Web site : http://wwwé.ara.inra.fr/piaf/Presentation/Equipes/MECA

Wood: a complex material acclimating to environmental

Trees create wood, a complex heterogeneous material, that ensures the mechanical support of the tree in fluctuant
environments.

Climatic conditions will be significantly modified during the 21st century: on one hand, the intensity and
frequency of outstanding events (wind and drought) will increase and on the other hand, chronic wind events will
be lower.

These climatic changes will modify the biological process of wood formation and the resulting properties of the
stem and the wood.

Environmental stresses impact wood formation

Control (C) -
Water stress (WS ) Primary growth Trees stem modelling

Tests: From April to the end of September
Controlled mechanical stresses: 3 successive
bending, 3 times / day, 5 days / week
Controlled water stress: automated plant
irrigation, stabilised to 40% of full field capacity

Mechanical stress ( MS )
Simultaneous stresses ( MWS )
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Results on growth: stem dimensions
Mechanical stresses impact on well-watered

plants:
Diameter (+53%), Height (-6%), Ovalisation of

the Stem (16%) Secondary growth (bending direction) Secondary growth (neutral direction) - Cross-section ovalisation 160 (0)
Mechanical stress impact on water stressed plants: | £. FE safias: - == - e pareany
Diameter (+47%), Height (-14%), Ovalisation of | £. {é/" =2 ,'ll‘i § = paasssn: e e
the stem (16%) 5 A :LJ‘: e |§ 28l ESS2z:: == ';si 28

Wiater stress impact (without mechanical stress): 3. x%ﬂ? | 3 uﬁzf—ﬁg‘ : . §- J’f’r' — 1%
Diameter (-21%), Height (-33%) £, §:.7§% o ;I':iw/;%i?%#*h)
Water stress impact on plants under mechanical e e || S | G R e
stress: . . o .

Diameter (-24%), Height (-38%) = Thigmomorphogenetic response is independent of hydric state of plants

. Environmental stresses impact on flexure rigidity Global measurements: on stems
5. Flexure rigidity El: structure aptitude to prevent its bending
& Elastic modulus E: material rigidity to traction or compression
5 Flexure rigidity E*I
i u l I l - E: Elastic modulus Mechanical stress impact on well-watered plants: (C=>MS)
‘ [ | = “"VQ“’a‘:a;‘; moment = Flexure rigidity multiplied by 3
el T il Bl =  Increase of Elastic modulus of 10%
Mechanical stress impact on water stressed plants: (\WS=>MWS)
a - = =  Flexure rigidity multiplied by 2
o » 1 = Increase of elastic modulus of 20%
;5!.:: 1 Water stress impact on Control plants: (C=>\WS)
i =  Flexure rigidity divided by 2
o =  No significant impact on the elastic modulus
s Water stress impact on plants under mechanical stress: (MS=>MWS)
T e e =  Flexure rigidity divided by 3
SR fraboRdingEo -~ il il =  No modification of the elastic modulus
Local measurements: on matches of local wood N.B: Treatment of results on hydraulic properties is still in progress
Mechanical resilience Qg: ratio of rupture energy by cross-section area ) ioomtal sfeses et o éshincal el of o
Cumpressmn Cp Tension Ts. Neutral N
Mechanical stress impact on well-watered plants: (C=>MS) *E
= Increase of mechanical resilience (Cp: 17%, Ts: 19%) i
Mechanical stress impact on water stressed plants: (\WS=>MWS) _%
=  No significant impact ie |
Water stress impact on Control plants: (C=>\WS) %
= No significant impact §
Water stress impact on plants under mechanical stress: (MS=>MWS)
=  Decrease of mechanical resilience (Cp: 30%, Ts: 41%)
Prospect: treatment of micro-bending tests § wo
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