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ABSTRACT:  This work addresses the physics of heat transfer in concrete materials through a multi-scale approach. At the nano-scale, the heat transfer is through an inhomogeneous multi-phase media. Depending on the phase, the heat transfer has different mechanisms. Via equilibrium molecular simulation, these mechanisms are studied in details both in crystalline (Alite, Blite and Portlandite) and glassy phases (mainly calcium-silicate-hydrates) of concrete. While the heat transfer in CSH, is mostly localized as local vibrations with short mean free paths in the order of interatomic bonds. The heat transfer in crystalline phases includes formation of phonon with long life-times. Thus, the thermal properties of solid matrix of concrete are derived as a function of morphology of individual combining phase. By applying the basic notions of scale separability and micromechanics of heat transfer in porous media, the upper and lower bounds for thermal conductivity of cement paste at micron-scale are derived consequently. In fact, these bounds are merely based on interatomic interactions within the material. 
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