N

N

Adaptation of Eurocode 5 standard to French hardwoods
- Proposal of new hygroscopic equilibrium charts
Maximin Varnier, Nicolas Sauvat, Cédric Montero, Frédéric Dubois, Joseph

Gril

» To cite this version:

Maximin Varnier, Nicolas Sauvat, Cédric Montero, Frédéric Dubois, Joseph Gril. Adaptation of
Eurocode 5 standard to French hardwoods - Proposal of new hygroscopic equilibrium charts. 5th
meeting of International Network on Timber Engineering Research, Aug 2018, Tallin, Estonia. hal-

01939383

HAL Id: hal-01939383
https://hal.science/hal-01939383
Submitted on 29 Nov 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01939383
https://hal.archives-ouvertes.fr

The 5" meeting of INTER will be held in Tallinn, Estonia from Monday 13 August to Thursday 16 August 2018

Adaptation of Eurocode 5 standard to French hardwoods
- Proposal of new hygroscopic equilibrium charts
VARNIER Maximin?!, SAUVAT Nicolas!, MONTERO Cédricz, DUBOIS Frédéric!*, GRIL Joseph3
1GC2D,Univ. Limoges, EA 3178, F-19300 Egletons
2 LMGC, Univ. Montpellier, CNRS, F-34090 Montpellier
3Institut Pascal, CNRS, Univ. Clermont-Auvergne, F-63000 Clermont-Ferrand
*frederic.dubois@unilim.fr

Keywords : Durability, hardwood/softwood, sorption isotherm, moisture content, hygroscopic
equilibrium charts, Eurocode 5

Introduction

As a hygroscopic material, wood behavior is dependent on its surrounding climatic conditions. To
describe moisture content evolutions in timber structure elements is essential to predict
phenomena related to drying process, mechanical behavior, cracks, and also risk of fungal attacks.
Several studies have been carried out to highlight the influence of humidity and temperature on
equilibrium moisture content of wood [1]-[4]. Other studies have been focused on the influence of
temperature on hygroscopic equilibrium [5], [6]. But, these results where mostly obtained on
softwoods, and especially for drying applications. Thus, only one equilibrium hygroscopic chart is
proposed in National Annexes of Eurocode5. In this work, the specificity of species, either softwood
or hardwood, is considered to adapt equilibrium charts to more realistic conditions including
outdoor conditions. An analysis of sorption hysteresis is presented leading to the distinction
between hardwoods and softwoods. Temperature influence is developed for every sorption
property. New specific and more accurate interactive charts are finally proposed in this paper.

Objectives and Methodology

Hygroscopic equilibrium as a function of relative humidity for a given temperature is represented
by sorption isotherms. In the literature, several explanations for determining the equilibrium water
content for given temperature and humidity can be found either phenomenological [3,7] or based
on thermodynamics [4]. Many isotherms of sorption are proposed for wood species, as for other
hygroscopic materials. Wood is a hygroscopic material characterized by a small hysteresis
compared to other biological species [8] or clays. The fiber saturation point, estimated from the
volume shrinkage, can vary from 22% to 34% [9]. In this study, we propose to simplify the different
isotherms of wood species from the bibliography to propose only two specific curves for hardwoods
and softwoods respectively. Thus, different species are only distinguished by the saturation
moisture content value. Many tests of sorption isotherms at several temperatures have shown the
influence of temperature on moisture content. A hygroscopic equilibrium chart is proposed in
Eurocode5, only for softwood, to define moisture content according to relative humidity and
temperature. Thus, Perré [6] and Merakeb [10] proposed a first correction of equilibrium moisture
ws at 100%RH. However, this approach does not consider the physical properties of the material,
and is only an identification based on test at several temperatures. We propose to explain this
phenomenon by presenting the thermodynamic exchanges whose temperature represents a catalyst
according to the Le Chatelier’s principle (Fig 1).
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ws? represents the saturation moisture content at temperature T=0°C. The heat capacities of

anhydrous wood Cann and water Cy, as well as the latent heat of the water vaporization L are non-

dependent temperature properties are supposed constant in the moisture content and thermal
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ambient ranges. Our analytical model is compared with data from the EC5 and the linearized

function proposed by Perré in Fig.1, present a very good correlation.
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Fig 1: Comparison of thermodynamic approach, and normative values

This approach justifies the influence of temperature on the saturation moisture content as a
function of the thermodynamic properties characterizing each species.

Results and analysis

Let us consider the example shown in Fig.2. The left graphc (2.a)is the normative response used in
Eurocode 5 [11]. The second right graph(2-b) is a proposed adaptation for oak. At the point
65%/20°C, moisture content is 12.5% in 2-a) and 14.5% in 2-b). According to different conditions,
the gap between the normative chart and the specific propositions can reach 5%. Initial moisture
content distribution, not presented in this paper, could be taken into account in the proposed
method.
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Fig 2 : Equilibrium moisture content charts: a) Normative chart from EC5 b) proposition for oak
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