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Abstract:

Natural fibre reinforced polymer composite materials have gained a lot of interest due to lightweighting, recyclability, and environmental reasons [START_REF] Bourmaud | Property changes in plant fibres during the processing of bio-based composites[END_REF]. Indeed, bio-fibres such as hemp, wood, basalt, rice husk, coir, sisal, ramie, flax, kenaf, jute, etc., have attracted significant focus as a potential alternative to synthetic fibres like carbon and glass [START_REF] Andrew | Sustainable biobased composites for advanced applications: recent trends and future opportunities -A critical review[END_REF]. Design parameters, mainly the aspect ratio and volume fraction, as well as the orientation of the fibres can influence the effective behaviour of the composite. It depends on the properties of the fibres and the matrix, which can exhibit material nonlinearity. The polymer matrix usually undergoes rate-(in)dependent behaviour, which may lead to a damage initiation. Therefore, a predictive model has become a relevant tool that helps study composite materials without expensive test campaigns. In this work, a micromechanics modelling combining rate-dependant (elasto-visco-plastic) constitutive laws and multi-site interactions of inclusions has been developed for studying the nonlinear response of bio-based composite materials. The multi-site interaction results in the accounting for material anisotropy. It considers the interaction of inclusions with a considered neighbourhood. For each material phase, a consistent tangent modulus is obtained and serves as a uniform modulus for homogenisation. The Generalized Mori-Tanaka (GMT) scheme derives the effective properties of the composite. To avoid numerical instabilities when time increments become very small, a regulation procedure for the viscoplastic function is adopted in the computation of the consistent tangent modulus [START_REF] Miled | Micromechanical modeling of coupled viscoelasticviscoplastic composites based on an incrementally affine formulation[END_REF]. The developed constitutive laws are implemented as a user-material UMAT in a Finite Element code as shown in Figure 1. An application is done on automotive inner door handles using flax fibre reinforced polycarbonate composite materials. 
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 1 Figure 1: (a)Multiscale coupling of analytical and FE modelling, (b) Contour plots of state variables