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ABSTRACT

Many structures such as dams, radioactive waste facilities, etc. depend largely on concrete as the main
construction material due to its durability, long service life and affordability. Unfortunately, concrete
may suffer from aging (depending on its environment and loading history) such that its structural
properties may degrade in the long-term. Depending on its service environment, concrete is subjected
to different physical and chemical processes. Such environments can trigger sulphate attack,
carbonation, leaching, and other degradation mechanisms. A worse scenario occurs when two or more
of these processes concurrently trigger the degradation process in a synergetic act, potentially leading
to a faster degradation. Leaching is the process that essentially dissolves specific components of the
materials which are then diffusing and advecting through the pore space eventually leaving it. In
environments with lower pH values than that of concrete, calcium starts to dissolve from the hydration
products-mainly from portlandite and C-S-H. Calcium leaching or decalcification alter the morphology
of concrete, and subsequently change both its mechanical and transport properties.

Building on previous models to describe the physicochemical phenomena occurring inside the pores
[2,3], we propose an approach to model the reactive transport phenomena in partially resolved porous
media with the capability of simulating the changes in the morphology due to degradation. Moreover,
the model is capable of predicting effective diffusivity (a transport property) of resolved porous media.

The above approach is based on lattice Boltzmann method (LBM) to solve the Navier-Stokes equation
(NSE) and the Advection-Diffusion equation (ADE). The used LB collision rules are based on
cumulants [1], and central moments. They provide more stability and accuracy over standard LBM like
MRT and BGK. Besides that, an appropriate boundary condition for the heterogeneous reaction is
introduced. To account for the change in morphology due to the chemical reaction, we used a Volume-
Of-Fluid (VOF) approach, through which it is possible to track the interface between the solid and void
phases using a piecewise linear interface construction (PLIC) algorithm.

The proposed model is implemented on a multicore architecture. It shows a near linear scaling as the
number of processes is increased.

We discuss some properties of our model by simulations of both validation cases and reactive transport
for a variety of cement pastes whose microstructure has been sampled using x-ray p-ct of a resolution
of 1 um.
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