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hazardous chemicals, synthetic materials, landfill waste

recycled and organic materials, durable and repairable products

sustainable design criterion, resources responsibly, minimal harm to 
environment

design strategy, resources & byproduct usage
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value chain from the valorisation of flax, cork, 
hemp and
by-products of the paper industry towards an 
innovative, bioinspired, e-textile for application in 
sport industry

Sustainable solutions for 
upgraded smart 
wearables and 

equipment in sport
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Objectives :
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Resolution : 5056 × 5056 × 2960 voxels 

(diameter 21.48 mm, height 12.58 mm)

pixel size 4.25 µm

Flax : U1 fine, U3 coarse, U5 coarser
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Finite element analysis
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Fibre scale

Individual fibre

Ultrastructure of a flax fibre
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FE results: stress heterogeneity

Displacement upon tensile loading
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Localisation phenomenon

Stress localisation

in µm
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Rowing behaviour
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Yarn behaviour

Idealised yarn
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To conclude
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To conclude

❑The challenge is now to determine RVE for the yarn scale

❑All in one : Do we need a simulation to handle such  complexity ?

❑More data to be collected : friction, rupture criteria

❑More simulations to come : coupling between water transfer & 

mechanical behaviour
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Thank you for your attention

Upwears.eu

Sofiane.guessamsa@inrae.fr

Sofiane GUESSASMA

@UPWEARS-project
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Multi-scale approach

φ
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Multi-scale approach
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