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Abstract 

Portland cement concrete structure has been considered to have a higher degree of thermal and fire 

resistance than steel structures due to its non-combustible nature and low thermal conductivity. 

However, there is a loss in mechanical properties and durability when it is exposed to high 

temperatures. This research aims at improving the understanding of complex mechanisms that 

drive thermal degradation of cement-based composites. Morphological, mechanical and chemo-

mechanical characterizations of cement paste samples are conducted to study changes in micro 

and nanostruture due to decomposition of hydration products that could finally result in the global 

loss of mechanical properties at elevated temperatures. Specifically, relatively new advances in 

nanotechnology, such as atomic force microscopy (AFM), static & dynamic nanoindentaion and 

coupled nanoindentation/scanning electron microscopy with x-ray microanalysis (SEM-EDS) are 

adopted in this research. Thermal degradation of C-S-H phases is accessed based on AFM image 

analysis and a statistical analysis of static & dynamic nanoindentation. From a combination of 

experimental results and existing literatures, new degradation processes that drive the loss of 

mechanical properties of cement pastes are proposed. The development of micro-cracks at the 

interface between unhydrated cement particles and paste matrix, a change in C-S-H nanostructure 

and shrinkage of C-S-H, are considered as critical factors that cause the thermal degradation of 

cement pastes.  

This research also suggests a mitigation strategy of thermal and chemical degradation in cement-

based composites. A detailed, experimental characterization is performed to study the effects of 

incorporation of a small amount of nanosilica on the degradation of cement pastes exposed to 

various heating & cooling regimes and accelerated carbonation. We confirm increased thermal and 

chemical stability of hydration products against high temperature exposure and carbonation by 

incorporation of nanosilica. 


