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ABSTRACT 

In the past thermodynamic models have often been considered as very theoretical and non-applicable 
to hydrating cementitious systems. However, over the last 20 years significant progress has been made to 
elaborate missing thermodynamic data of cement hydrates as well as to derive meaningful phase relations 
and stabilities in order to assess the basic properties e.g. stability of cement hydrates as function of 
temperature etc. This lecture will go one step further and tries to give an overview about the possibilities 
how to use thermodynamics to optimise cementitious systems to apply them more efficiently for 
engineering applications. The presentation will concentrate on three case studies: 

1. Interaction between Aluminates and Silicates and the resulting applications to optimize cements 
by proper sulfate addition.  

2. Application of thermodynamics to better understand durability phenomena related to carbonation 
and delayed ettringite formation 

3. Thermodynamic understanding of opportunities and limitations concerning fast drying binder 
systems 

 
The interactions between hydrating aluminates and silicates in Portland cement and the role of sulfate 

are subject of research over several decades. Recent studies have shown that high concentrations of 
alumina in the cement pore solution may induce an inhibitory effect on alite dissolution. With help of 
thermodynamic calculations, we could show that the addition of gypsum in presence of portlandite and 
ettringite, will suppress the equilibrium concentration of Al to very low levels, which explains the 
importance of sulfate optimization for an optimum cement design. 

 
Concrete durability is typically expressed as sufficiently long service life of a structure without the need 

of excessive maintenance cost. Most damaging durability related phenomena can be attributed to 
deleterious phase transitions e.g. due to corrosion in the course of CO2 exposure or chloride ingress, due 
to temperature fluctuations e.g. ice-water etc. Two examples will be discussed that are important to 
engineering applications i.) a more fundamental view on the risk of carbonation as consequence of cement 
composition and ii) some recent findings on the risk of delayed ettringite formation in limestone blended 
systems.  

 
In the last case study another driving force of phase transitions will be highlighted – which is a change 

of water activity. Here a few examples and related phase diagrams will be shown, how to apply 
thermodynamics in order to optimize the drying and shrinkage behavior of concretes e.g. for industrial 
floors.  

 
In conclusion the lecture will show a number of practical examples how to apply thermodynamics to 

solve problems in modern Civil Engineering applications. 
 

 

 

 


