
COMPUTER SIMULATION OF THE INTERFACIAL TRANSITION ZONE MICROSTRUCTURE 
 

Using computer models, the researchers at the National Institute of Standards and 
Technology (NIST) have been conducting interesting simulations of the cement and concrete 
microstructure.  The references at the end of this hyperlink provide a good starting point for those 
interested in obtaining further information in this growing research area.  Computer simulations can 
be used to study the microstructure of the interfacial transition zone and how to modify it by using 
very small particles of mineral admixtures such as silica fume.   

Figure 1 shows a simplified geometry where the aggregate is modeled by a small flat plate.  
This geometry also demonstrates the so-called “wall effect” caused by large aggregates in concrete.  
The Portland cement is segmented by color into the six phases: tricalcium silicate (red), dicalcium 
silicate (aqua), tricalcium aluminate (green), tetracalcium aluminoferrite (yellow), gypsum (gray), 
and water-filled porosity (black).  Chapter 6 describes in detail the hydration reaction of the cement 
compounds.  The computer simulation specifies a set of cellular automata rules that control the 
events that occur with each pixel during the hydration reaction.  Hydration products, calcium 
hydroxide (blue) and calcium silicate hydrate (orange), start to form as the unhydrated materials are 
exposed to water.  Figure 3 shows the porosity distribution as a function of distance from the 
aggregate surface.  As discussed in the main text, the gradient in porosity existing in the interfacial 
transition zone will impact the strength and durability of mortar or concrete. 

Figure 2 shows a similar type of computer modeling of the interfacial transition zone when 
fine particles of silica fume (pale blue) are used in the cement paste.  This mineral admixture 
effectively reduces the porosity near the aggregate surface, as indicated in Figure 3.  Silica fume 
particles are less than 1/100th of the size of the anhydrous cement grain; therefore, their 
introduction affects significantly the physical arrangement of the system, particularly near the 
aggregate surface where a higher porosity exists.  Because it is a pozzolanic material, silica fume 
further densifies the system as it reacts with calcium hydroxide to form calcium silicate hydrate 
(designated pink, to differentiate it from the calcium silicate hydrate formed by the cement 
hydration).   

 
 



 

 
Figure 1.  Initial 2-D slice from a 3-D microstructure of a cement paste with a 0.45 water to cement 
ratio and no silica fume. Run the file paulom~1.gif for the animation (courtesy D. Bentz, NIST). 



 

 
 

Figure 2.  Initial 2-D slice from a 3-D microstructure of a cement paste with a 0.45 water to cement 
ratio and 10% silica fume.  Run the file paulom~2.gif  for the animation (courtesy D. Bentz, NIST). 



 
Figure 3.  Porosity distribution as a function of distance from the aggregate after 3650 cycles of 
hydration at roughly 180 days. 
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