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Concrete is the world’s most widely used building material, and its durability has an enormous environmen-
tal and economic impact. Cement-based structures are generally under unsaturated conditions, and among
the different factors, moisture conditions are directly related to many durability issues, such as freeze-thaw
or corrosion-induced damages [1], [2]. Nevertheless, traditional approaches for assessing moisture state and
unsaturated transport characteristics typically rely on macroscale models that utilize macroscopic properties
and simplified equations, including Lucas-Washburn and Richards’equations [3]. However, observations of
the actual concrete structures often do not follow behavior predicted by the mentioned conventional models,
meaning that more appropriate transport models are needed. Therefore, there is a need for a better fundamen-
tal understanding of essential processes at the pore level [4]. Despite considerable advancements in recent
decades, current imaging techniques still fall short in achieving the spatial and temporal resolutions required
to capture the intricate dynamics of water transport in complex, heterogeneous cement-based porous media.

This work uses an actual cement-based microstructure (imaged by FIB-SEM nanotomography [5]) as a com-
putational domain. Extensive and computationally intensive 3D direct numerical simulations (DNS)[6] of
air-water multiphase flow are carried out to obtain deeper insight and consistent explanations of different
processes during a water absorption event. This work focuses on providing a detailed pore-scale insight into
the full interface-resolved complexity of waterfront advancement (spatially and temporally), gaining a deeper
understanding of an air-trapping mechanism, and exploring the complexities of pressure distribution of resid-
ual (non-wetting) gas phase. Obtained results and conclusions improve our fundamental understanding and
could significantly impact the development of enhanced macroscale models needed for practical large-scale
modeling.
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