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Context 

The properties and performances of a composite structure rely not only on its components but also on the 
bonding quality of its interfaces. Interfaces control the stress transfer from one part of the composite structure 
to the other, which depends on the adhesion level of the bonding. It is thus a key issue to determine and optimise 
the adhesion quality of interfaces. There are three different scales of interfaces in composite structures: 

- at macro-scale, the bonding level at the interface between two composite laminates is a key-parameter 
that governs the whole structure integrity ; 

- at meso-scale, the adhesion quality at interply in composite materials controls the delamination 
development ; 

- at micro-scale, the fibre/matrix interface is a key-factor in the composite performances.    
The aim of this thematic field is to analyse the interfacial properties in composite structures, and to test different 
ways of interfacial optimisation. Numerical simulations are also performed at the different scales and compared 
to multi-scale experimental measurements. 

 

 

 

 
Micro-CT observations of a single hemp yarn-epoxy 
composite sample after fragmentation test 

 

 

Research topics 
 

 Measurements at the hemp yarn/polymer interface of 
the evolution of mechanical properties by using 
nanoindentation and Digital Image Correlation 
techniques.  

 Determination of the yarn/matrix interface adhesion 
quality by means of laser shock technique and 
mechanical fragmentation tests.  

 Realization of different surface treatments for natural 
fibre/matrix interface improvement: chemical, 
enzymatic and plasma treatments. 

  Analysis of interfacial adhesion quality in 3D printed 
continuous carbon/nylon composites at 
filament/matrix and interlaminar scales. 

 Development of a laser shock adhesion test for the 
assessment of weak adhesive bonded CFRP 
structures. 

  Study of delamination threshold in hybrid 
composites. 

 Test of new piezochromic coatings for impact 
detection. 

Numerical simulations  

 Numerical model for particles in polymer matrix. 
Application to EPDM/PP composites. Comparison of 
axisymmetric, 2D and 3D models. Study of cavitation 
phenomenon. 

Fragmentation tests and simulation. 
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Laser shock tests on single hemp yarn  
embedded in epoxy resin.  
Damage observation. Numerical simulation. 
 

 

 

 Simulation of one short fibre in polymer matrix.  
Analysis of stress fields at fibre/matrix interface. 
Influence of fibre orientation.  

 Finite element modelling of a single-yarn composite. 
Application to hemp/epoxy material. Comparison of 
numerical stress fields with photoelasticimetry 
results. Comparison of computed strain fields with 
Digital Image Correlation (DIC) measurements. 
Determination of model parameters by inverse 
analysis approach. 

 Development of finite element models to predict the 
delamination in composite structures, taking into 
account the material microstructure. 

 Modelling short fibre composites by creating a 
preprocessed program for random fibre elements 
generation. Application to wood/PP composites. 
Influence of fibre geometry and ratio. Comparison 
with tensile and fracture experimental tests. 

 Simulation of woven composite material by using a 
simplified geometry definition, modelling warp and 
weft yarns, and by taking into account variability of 
fibre properties. Application to woven hemp/epoxy 
composite. Comparison of numerical and 
experimental damage evolution. Analysis of strain 
fields with DIC measurements at the weave scale. 
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