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Model for Flow Analysis of Fresh Concrete Using Particle Method
with Visco-Plastic Flow Formulation
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ABSTRACT In the current study, A model for the flow analysis of fresh and highly flowable concrete has been developed using
a particle method, the moving particle semi-implicit (MPS) method. The phenomena on the flow of concrete has been considered
as a visco-plastic flow problem, and the basic governing equation of concrete particle dynamics has been based on the Navier-
Stokes equation in Lagrangian form and the conservation of mass. In order to formulate a visco-plastic flow constitutive law of
fresh concrete, concrete is modeled as a highly viscous material in the state of non-flow and as a visco-plastic material in the state
of flow after reaching the yield stress of fresh concrete. A flow test of fresh concrete in the L-box was simulated and the predicted
flow was well matched with the experimental result. The developed method was well showed the flow motion of concrete particles
because it was formulated to be based on the motion of visco-plastic fluid dynamics.
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Fig. 3 Shear stress and strain rate of fresh concrete
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Table 1 Mix proportion of fresh concrtete

(a) Dimension of L-box (mm)

(b) Modeling by MPS (initial t = 0 sec)

Fig. 6 Model of L-box flow prediction

Table 2 Rheological properties and L-flow prediction

Mix | Viscosity | Yield shear | L-flow by | Predicted L-flow

no. (Pa*s) | stress (Pa) | test (mm) by MPS (mm)
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11 50 33 553 570

111 38 0 625 651
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(a)t=0.9sec

(b)t=23.0sec

(c)t=5.0sec

Fig. 7 Predicted L-box flow (mix no. Il)

(a) Viscosity 15 Pa*s

(d) Viscosity 42 Pa"s

(c) Viscosity 33 Pa"s

(b) Viscosity 24 Pa"s

Fig.- 8 Comparison with viscosity (at 4 sec)
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