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ABSTRACT 

This paper will describe the simulation of self-compacting concrete (SCC) mixes by the mesh-less 

smooth particle hydrodynamics (SPH) computational technique. This technique is particularly suited 

to simulating the flow of SCC which consists of particles of various sizes suspended in a viscous 

paste. SCC is a non-Newtonian fluid best described by a Bingham-type constitutive model. The basic 

equations solved in the SPH are the incompressible mass and momentum conservation equations, 

together with the constitutive relation. The solution procedure uses prediction-correction fractional 

steps with the temporal velocity field integrated forward in time without enforcing incompressibility 

in the prediction step. The resulting temporal velocity field is used in the mass conservation equation 

to satisfy incompressibility exactly through a pressure Poisson equation. The simulation is focussed 

on the distribution of the heavier aggregate particles in an SCC mix. 

 

The simulation had several aims. Firstly, to investigate whether the yield stress τy of an SCC mix 

treated as a Bingham fluid could be accurately estimated from its measured t500 time and spread in a 

cone flow test knowing its plastic viscosity.  

 

Secondly, to obtain the statistical distribution of coarse aggregate particles larger than or equal to 8 

mm in the cone spread after it stopped to flow and to compare it with the distribution of the aggregate 

particles of the corresponding sizes in the cut sections of the cured test cone spread. The large coarse 

aggregate particles in the size ranges (8 ≤ g < 12, 12 ≤ g <16, 16 ≤ g < 20 and g ≥ 20 mm) of the test 

SCC mixes were colour coded with non-toxic non-water soluble paints so that the outlines of the 

aggregate particles could be clearly distinguished in the cut sections of the hardened cone spread and 

compared with the numerical simulations. It is shown that both aims of the investigation were 

successfully attained.  

 

Finally, the third aim of the simulation was to investigate the effect of the cone lift rate on the flow 

pattern and t500. The results demonstrate that an increase in the cone lift rate from 0.1m/s to 0.5 - 0.7 

m/s (i.e. cone raised to a height of 300 mm in 3 to 0.6 - 0.43 s depending on the cube compressive 

strength) leads to a significant reduction in t500, but the rate of reduction slows considerably when 

the cone lift rate is increased beyond 0.5 - 0.7 m/s (i.e. cone raised to 300 mm in under 0.6 – 0.43s). 

This bilinear reduction in t500 with the increase in the cone lift rate is observed in all mixes with cube 

compressive strength between 30 MPa and 80 MPa. This result has profound implications for the 

cone flow test procedures outlined in the current European and American testing standards. 

 

REFERENCES 

[1] S Kulasegaram, B L Karihaloo and A Ghanbari "Modelling the flow of self-compacting  

      concrete",   Int J Numerical Analytical Methods Geomechanics, 35, 2011, 713–723 

 

[2]  R Deeb, S Kulasegaram, B L Karihaloo “3D modelling of the flow of self-compacting concrete  

       with or without steel fibres. Part I: Slump flow test”, J Computational Particle Mechanics, 2014,   

      1, 373-389  


