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Optimizing Performance-Engineered Concrete using Thermodynamics
Keshav Bharadwaj, Assistant Professor, Department of Civil Engineering, lISc
ABSTRACT

Portland Cement-based Concrete is a multiphase, multiscale, and multiphysics material. It is the
second most used material by humankind after water, while simultaneously being one of the least
understood materials at the micro- and nano-scale. In this talk we will introduce concrete as a building
material, reason the multiscale nature of the material, and elucidate some of the approaches in history
used to model such a complex material. Cement and concrete manufacture account for 8% of global
CO2 emissions, and thus developing sustainable concrete is the need of the hour. One such modelling
framework based in thermodynamic modelling is presented, which can be used to predict the reaction
products. A pore partitioning model is then used to predict the pore volumes at the nano- and micro-
scale, which is then scaled up to predict concrete performance using structure-property relationships.
We will also present tools used to characterize the raw materials used in modern cements, which are
inputs to the modelling framework. We will present applications of the developed framework to develop
and optimize concrete mixtures for least cost or carbon emissions or some combination of the two,
and some ongoing research on the performance of low-carbon concrete exposed to fire.
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