Phase-field modeling of shrinkage-induced cracking in cement mortar
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ABSTRACT

Due to the multiphase nature of porous media, pore fluid redistribution induces a variation of strains
in the solid matrix according to the theory of effective stress [1, 2]. In cement-based materials, this
phenomenon is related to the change of volume at early states because of thermal shrinkage, autogenous
and drying shrinkage. In the presence of restraints (self-, internal or external), cracks may develop
[3, 4]. Such early-age cracks can affect the durability of the material as they facilitate the transport of
harmful chemical substances into the medium. Objective of this work is to describe drying shrinkage
in cementitious materials with the theory of porous media and the phase-field approach to fracture. The
phenomenon of drying is modeled within the poromechanical theory of [5], where the average properties
of the solid and the fluid water phases are taken into account. Crack initiation, propagation and branching
can be numerically modeled by the phase-field approach, which describes cracks as diffusive interfaces
and offers an unprecedented flexibility in describing crack patterns with arbitrarily complex topology.
The poromechanical-phase-field framework in the context of variable saturation [6] is calibrated with
original experimental data. We present the calibration procedure and validation of the framework with
some examples of shrinkage-induced cracks observed experimentally.
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