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ABSTRACT 

Fluid transport in porous media such as in cementitious materials, determines to a great extent the 

durability properties of such a material. To be able to engineer a material with particular durability 

properties, we first have to understand what mechanisms determine the permeability of the material. 

We know that connectivity, pore shape and size distribution are factors that influence the fluid 

transport properties of a specimen but we do not know exactly how and to what extent. In this study 

we describe the heterogeneous material by explicitly modelling the individual solid ingredients as 

Discrete Bodies. The voids in between the partially interconnected ingredients are considered pores. 

Such a pore structure can be transformed into a network of cylindrical pipe segments connecting the 

sides of the specimen. The characteristics of the individual pipe segments are based on the local pore 

characteristics. By applying a pressure difference over two sides of the specimen, the permeability 

can easily be calculated. This provides us with a good tool to investigate the influence of various pore 

(network) characteristics on the overall permeability. However, a realistic model to represent 

hydrated cement is still missing and will be the main focus of this paper. 

A common method to numerically simulate hydrating cement paste is the vector approach [1]. 

Although it has already been around for one decade, it seems to produce an overestimation of the 

pore size distribution of several orders with respect to experimental data. In a vector based model of 

the cement material it is assumed that the hydration products cover the spherical cement grains 

evenly, leading to a very typical concentric expansion of the cement grains. Because of the 

compactness of the hydrating grains, the remaining pore space seems to be quite open with many 

interconnections. In reality one can observe that this “even precipitation onto the free surface” 

process poorly represents the actual situation [2]. The morphology of the hydration products is rather 

fibrous, especially at the earlier stages of the hydration. This may have a significant effect on the 

fluid transport properties of cement and may also explain the large difference in pore characteristics 

between numerical data and experimental data [3].   

This paper will highlight a morphological approach to simulate the structural development of 

hydrating cement by modelling the precipitation process on a nano-scale using Discrete Element 

Method (DEM). The fibrous structure of the hydration products is represented by a diffusion-limited 

aggregation (DLA) algorithm, which agrees well with the experimental observations. The pore 

characteristics of the hydrated paste is studied by the double random multiple tree structuring 

(DRaMuTS) and star volume method (SVM) [4]. The results show the pore size distribution curve of 

cement paste produced by our morphological method to be closer to experimental data, in 

comparison to the vector approach. Moreover, a rough surface and a decline in pore connectivity 

generated by the fibrous nature of hydration products provide us a more realistic capillary pore 

network structure with a lower permeability.   
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