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Background, Context:
Offshore and marine structures are submitted to severe environmental conditions. For
reinforced concrete structures the degradation occur due to several reasons: the
infiltration of aggressive ions (chloride, sulfate, etc.) in the concrete’s porosity causing
chemical reactions and damage (Rozière et al., 2009), repeated wetting-drying cycles
causing significant swelling and shrinkage phenomena which lead to cracks in the
cement matrix, corrosion of the reinforcement, etc. To predict these risks, experimental
procedures and highly sophisticated models have been developed by researchers around
the world:
- experiments help define probabilistic laws to predict the risk,
- models try to approach real phenomena based on physical relationships.
These models often require calibrated parameters adjusted on the experimental results.
In the case of wetting-drying cycles, the differences observed between the numerical and
experimental results can be explained by a phenomenon little known: the dynamic effect
on the capillary pressure (difference between the pressure of the water and that of the
interstitial gas in the pores of the cement matrix). Indeed, in the case of a rapid wetting
and drying, water movements result in a rapid change in the capillary pressure. The
models used until now to predict the drying of marine structures are based on the quasistatic behavior laws and totally neglect the dynamic effects. By-also known as capillary
pressure is the main cause of delayed deformations (shrinkage) in the concrete. These
deformations are often the cause of the occurrence of micro-cracks and must be
mastered. Recent research has allowed offering capillary pressure law taking into
account the dynamic effects (Hassanizadeh et al., 2002; Dahle et al., 2005; R. Helmig et
al., 2007; Abidoye LK et al, 2014) but are not yet adapted to cementitious materials.
Research subject, work plan:
This work aims to develop models to predict the durability of structures in the marine
environment, such as floating turbines. The Ecole Centrale de Nantes is carrying an
ambitious project for the manufacture of floating wind turbines, the first European
model will be at sea off the French coast (a few kilometers from Nantes) in a few months.
The study of concrete constituting the flotation chamber is important for predicting the
durability of the structure. In addition, the region where Nantes is located has many
kilometers of coastline with concrete structures undergoing sea water cycles.
To propose a new model to predict the risk of cracking due to delayed strains of marine
reinforced concrete structures, the proposed research work concerns two developments:
- An experiment to reproduce the dynamic effects due to drying and wetting in porous
media.
- A multi-scale model taking into account the dynamic capillary pressure laws and fluid
diffusion laws to simulate wetting and drying in cementitious materials.
The lab GeM developed over several years of original devices for studying complex
phenomena in cementitious materials. Work has already been made in the laboratory to
understand the wetting-drying cycles of marine concrete, but in quasi-static conditions.
In this thesis, it is requested to develop a new experimental procedure, based on the
experience of the laboratory, taking into account dynamic effects on the fluid diffusion.
A porous material model will be proposed to calibrate the device. Then applications will
be conducted on concrete commonly used in the marine environment.

At the same time, the dynamic behavior laws for the capillary pressure will be
implemented in a finite element code by coupling them to a mechanical model for
simulating delayed deformations. These models predict the shrinkage and creep
deformations those of cementitious materials, as well as damage (Saliba et al., 2013).
This new poro-mechanical model dynamics will be validated by experimental testing of
the future system and applications on reinforced concrete structures will be carried out
to predict the long term behavior of offshore structures and sea.
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