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Concrete is one of the most widely used construction materials. The performances of hardened concrete is
greatly dependent on the construction quality. Pump is widely used to transport concrete in construction site, and
maximum pumping distance and height become greater and greater as high-rise buildings increase. And the
amount of reinforcing steel bars in concrete member has been increased for achieving earthquake-resistant
structure. Therefore, proper evaluation and prediction of the workability of fresh concrete, including flow ability,
segregation resistance, and passing ability, etc., are essential to consider the structural, construction and
environmental conditions. Numerical simulation is thought to be a rapid, inexpensive, and time & labor saving
method for workability design.

Fresh concrete is a kind of viscous particle material that contains water, cement and aggregate particles.
Interactions among the particles may lead to inter-particle tructure at rest, which are physical flocculation and
cement hydration. The physical flocculation originates from a combined action of van der Waals attraction,
electrostatic repulsion and steric hindrance, is a reversible process. The flocculated structure would be broken
down by an agitation. When the hydrates are generated, there are linkages formed between particles. Since these
lining structures are not easily destroyed by an external force, the formation of hydrate-linkage structure is an
irreversible process. With the advance of degrees of cement hydration and physical flocculation, the flow ability
of fresh concrete drops, i.e. shows standing time-dependent behavior.

Except for physical flocculation and cement hydration, the particle arrangement, which is usually described
by the distribution and mean value of particle contact angles, also affects the rheological properties of fresh
concrete. The movement of particles under external fore or own weight causes a change in the particle
arrangement of fresh concrete. Hence, the flow behavior of fresh concrete is shearing time-dependent. Moreovet,
particle contact results in inter-particle frictional resistance that is dependent on the vertical pressure or normal
stress on the shear plane. Therefore, fresh concrete's flow behaviors are not only shearing time-dependent but also
vertical pressure-dependent.

Up till now fresh concrete is usually regarded as a viscous fluid, and the Bingham model is used as its
constitutive model in the numerical flow simulation. But Bingham model is unable to describe the
time-dependence, and pressure-dependence of flow behaviors. The standing and shearing time-dependences of
fresh concrete are barely reflected in the numerical simulation.

This research aims to develop analytical methods for the time-dependent flow behaviors of fresh concrete.
Fresh concrete is a kind of particle material as stated above, and its flow is a large deformation problem. Thus
two particle methods were used in this study to simulate the flow behaviors of fresh concrete. First, a standing
time-dependent Discrete Element Method (td-DEM) was proposed to investigate the standing time-dependence
of fresh concrete. The td-DEM is a mesh free particle method and can directly express the contact model and
describe the contact action change between particles. The parallel contact model was adopted to describe the
contacts between the physically flocculated particles, and the standing time-dependent sitffnesses of the parallel
contact model were obtained by theoretical investigation. The effect of cement hydration was considered in the
td-DEM by introducing the clumped particles that are particle group linked by the hydrates. In this td-DEM, the
effects of cement’s fineness and constitutes and the addition of mineral admixtures were also considered. For
verifying this new td-DEM, the numerical simulation of the gravity-induced funnel flow of fresh mortar was




performed. The numerical and experimental results at different standing time after mixing were well consistent.

Smoothed Particle Hydrodynamics (SPH) is also a mesh free particle method. Large deformation problem
of free surfaces, such as flow of fresh concrete, can be easily and accurately tracked by the Lagrangian motion
of particles. A numerical approach was proposed to investigate the shearing time-dependence of fresh concrete,
on the basis of SPH and VGM (viscous granular material) model. The VGM model is a newly developed
constitutive model, which can describe the nonlinear, shearing time-dependent, and pressure-dependent flow
behaviors of fresh concrete. And the visco-plastic model, proposed by Murata, was adopted to treat the
slippage resistance of fresh concrete at the flow boundary in this SPH. L-flow tests of three types of fresh
mortar with different water cement ratio were simulated by using the proposed SPH. In order to discuss the
effect of using different constitutive models, the numerical simulations using SPH and Bingham model were
also performed for the mortar mixtures. It was found that the numerical results using VGM model were more
consistent with the experimental ones than the Bingham model for low fluidity mixture since the VGM model
can reflect the change of internal structure of fresh concrete during the flow process.
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