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Predicting mechanical properties and carbonation depth of
expansive concrete based on hydration reaction model
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ABSTRACT

Although expansive additives have been widely used to efficiently reduce shrinkage
cracking in concrete, little research has been undertaken to model the hydration reaction
of cement and expansive additive blends and to predict the properties and durability of

expansive concrete.

In this study, a numerical model to simulate the hydration reaction of cement
paste containing expansive additive at an early age is proposed and then the
compressive strength, carbonation depth and expansion strain of expansive
concrete is predicted based on the hydration reaction model. Additionally, the
influence of restrained condition on the mechanical properties and durability
such as frost resistance and carbonation resistance are also investigated in this
research. Using the proposed model, this study predicted the hydration degree,
rate of heat evolution, gel/space ratio, amount of calcium silicate hydroxide
(CSH), calcium hydroxide (CH), ettringite of hardening cement-expansive
additive paste, and porosity of expansive concrete. For the experimental
investigation, rate of heat evolution test, under-water weighing test, length
change ratio test, expansion strain test, compressive strength test, mercury
intrusion porosimetry test, freezing-thawing test and accelerated carbonation
test were performed to verify the proposed model and predicting equation. From
the relationship between the gel/space ration and compressive strength, an
equation was deduced for prediction of the development of compressive strength
of expansive concrete. Considering the diffusion of CO:2 in a gaseous phase into
concrete pore and the reaction of COz2 with CH and CSH, a mathematic model
was proposed to predict the carbonation depth of expansive concrete. A
hypothesis was described to predict the expansion strain through a model the
volumetric change of expansive concrete calculated by combining the formation

of ettringite, influence coefficient of shrinkage and restraint degree coefficient.



For verification of model and predicting equation, the results indicated good agreement of the
calculated data with the measured data. Furthermore, this work also found that the model parameters
(in hydration reaction model) can be represented as a function of the mineral composition of the
cement. A coefficient was deduced to find the satisfactory value for predicted results (in predicting
compressive strength). A restraint degree coefficient was found to build an equation for predicting the
expansion strain of expansive concrete under restrained condition. The results demonstrate that the
proposed model and equation are effective and useful in predicting the hydration, mechanical

properties and carbonation depth of expansive concrete.
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