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ABSTRACT 

Concrete is generally referred to as a heterogeneous and discontinuous material that may be considered 

at the meso-scale as a composite material wherein four germane phases (constituents) may be isolated: 

cement paste, aggregate, macro-voids and interfacial transition zones (ITZs) between aggregates 

cement past. ITZs reveal pronounced compositional differences as compared to the cement paste. 

Those differences are the strongest in the immediate vicinity of aggregates’ surfaces and gradually 

diminish away from aggregates to become insignificant at a certain distance (15-100 μm).  

In the current paper, the plain concrete behaviour (strength, brittleness and fracture) was investigated 

in mesoscopic simulations of a concrete beam under three-point bending using the discrete element 

method (DEM) [1]-[3]. The particle-based open source code YADE was used that was developed at 

the University of Grenoble. The geometry of concrete structure at the meso-level was incorporated into 

DEM from real concrete beams under 3-point bending based on images from the x-ray micro-computed 

tomography (CT) [1]-[3]. A 4-phase concrete DEM model was assumed, composed of aggregate, 

cement matrix, macro-voids and ITZs. ITZs were simulated this time as porous zones around 

aggregates with a defined width and with the same properties as the cement matrix that is an innovative 

element as compared to existing mesoscopic approaches. The focus was on two aspects in deforming 

concrete: 1) the effect of initial micro-porosity of ITZs on a fracturing pattern and load-deflection 

evolution curve and 2) the effect of aggregate micro-roughness on a location of micro-cracks in ITZs. 

So far, however, there has been limited research that focuses on investigating the effects of aggregate 

surface roughness on the formation and evolution of micro-cracks in ITZs. Research works in [4] on 

different ITZ micro-cracking scenarios provided the motivation for the second aspect. To reduce a 

huge computer effort, two simplifications were assumed: 1) the 2D simulations were carried out and 

2) the width of ITZs was assumed to be higher than in experiment. 
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