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ABSTRACT 

 

Marine renewable energy (MRE) structures are simultaneously subjected to severe environmental 

conditions (water or humid air) and continuous mechanical loadings during their lifetime. These 

parameters accelerate the damage development [1] and it appears important to build effective 

predictive models which should take into account the coupled representative operating conditions of 

the MRE structures.  

The aim of this study is to have a better understanding of the coupling between the diffusion of water 

and the mechanical behaviour of composite materials used in marine energy conversion systems, 

through both a regular campaign of uncoupled tests and also innovative experiments where creep is 

performed in water. 

Many studies have been conducted on the impact of water diffusion on the resulting properties of 

composite materials, [2,3]. For instance, the hygroscopic swelling leads to significant mechanical 

strains and internal stresses which may cause premature damage. However, few studies have focused 

on the coupled phenomena. Indeed, the absorption of water has multiple effects on composite 

materials such as decreases of Young’s modulus or glass transition temperature for instance [4] which 

have a direct impact on the mechanical behaviour of the studied material. Thus, there is a coupled 

relation between the mechanical state and the absorption of water that needs further investigation.  

A first experimental campaign has been performed on both epoxy and CFRP samples to study the 

diffusive and mechanical behaviour at different states of ageing, for different humid conditions, 

written below in the table 1. 

 
Table 1: Humid conditions of testing 

 Humid condition Epoxy resin CFRP 

Humid air 40°C 85%RH X  

Immersion 
25°C X X 

60°C X X 

 

 

Through gravimetric tests, diffusive properties have been identified and linked with hygroscopic 

swelling coefficients to predict internal stresses caused by the water gradient inside the material (neat 

resin or composite).  

Other mechanical tests have been performed at different stages of ageing (unaged, after 2 month, 6 

months of humid ageing) to examine the evolution of elastic (uniaxial tensile tests) and viscoelastic 

(creep test) properties versus the global water content. Long-term creep test (over 2 months) were also 

realised in air and in immersion to highlight the influence of water diffusion especially on viscoelastic 

properties, as seen in figure 1. 
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Figure 1: Long term creep test on [+/-45]6 CFRP samples in air (orange) and in water (blue) 

 
The main added value of this study is to investigate coupled creep tests in a controlled environment 

(immersion and humid air) on composite samples through an innovative bench test which will take 

account of the evolution of deformation and mass of a specific sample design [5] . This will lead not 

only to a better understanding of the role of the environment on the mechanical state but also to the 

influence of a mechanical loading on the diffusive behaviour of the material at the same time. These 

experimental observations and characterization will allow improved, uncoupled and coupled hygro-

mechanical models to be developed; aiming at taking into account the parameters previously 

determined. Numerical studies based on the proposed hygro-viscoelastic models will also be presented 

in order to obtain local complementary results on the hygro-mechanical behaviour. 
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