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ABSTRACT

Corrosion of steel reinforcement in concrete is the leading cause of deterioration of concrete
structures. Chloride ingress and carbonation are the two major processes that lead to the
corrosion of reinforcement. Carbonation is the reaction of the calcium bearing phases of cement
with carbon dioxide present in the environment. The majority of cement available worldwide
contains supplementary cementitious materials (SCMs) to improve their engineering,
economic and environmental performance. The total amount of calcium hydroxide present in
cement containing SCMs after hydration is lower than Ordinary Portland Cement (OPC) due
to the dilution effect and pozzolanic reaction of SCMs, which reduces the capacity of the

concrete to bind CO2, making it more susceptible to carbonation.

The objective of this study was to investigate the effect of carbonation on cements containing
SCMs under different environmental exposure conditions. Binary binders comprising of
OPC/Fly Ash and OPC/Slag and ternary binders comprising of OPC/Calcined Clay/Limestone
and OPC/Slag/Fly Ash and control blend of only OPC were investigated for carbonation
performance. X-ray diffraction (XRD) and thermogravimetric analysis (TGA) were used to
characterize the hydrated and carbonated products. Mercury intrusion porosimetry (MIP) and
scanning electron microscopy (SEM) were used to characterize the changes occurring in the
microstructure. Thermodynamic modeling was also used to evaluate the potential long term
changes in solid volume on carbonation. Changes in transport properties of concrete on
carbonation and influence of physical and chemical parameters on rate of carbonation in

concrete was also investigated.

XRD results show carbonation of calcium hydroxide and other hydrated phases takes place
simultaneously and precipitation of all the three polymorphs of calcium carbonate were
observed on carbonation. Si-rich rims around the clinker grains were observed on carbonation
in backscattered electron (BSE) images indicating migration of calcium ions from inner C-S-
H and clinker grains. The specific gravity of decalcified C-S-H and alumina gel formed after
carbonation was estimated to lie between 2.00 to 2.15 and 2.00 to 2.30 respectively. The
implications of carbonation of hydration products was observed on pore structure properties of
the hydrated system. Increase in concrete porosity and coarsening of pore structure was

observed on carbonation in all the blended cements.

The progress of carbonation in concrete was found to be dependent on numerous material and

environmental parameters. The rate of carbonation increased with increase in clinker



replacement level with SCMs. Mixes with similar clinker replacement level but with different
types of SCMs showed noticeable difference in carbonation resistance. No direct correlation
was observed between the rate of carbonation and compressive strength/porosity of concrete
whereas a reasonable correlation was observed between chemical parameters describing carbon
dioxide buffer capacity of cement and rate of carbonation in concrete. A numerical model,
which uses the basic principles of physics and chemistry, along with the parameters measured
using experimental study, to predict the carbonation depth in concrete was developed. The
modeled carbonation depth data showed excellent correlation with the experimental data.
Reserve alkalinity, porosity, saturation index, drying diffusion coefficient and environmental
conditions were found to be the major parameters that influence the rate of carbonation. The
model developed can be used for wide range of environmental conditions and cements

containing supplementary cementitious materials.
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