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Pumping has become the most widely used method to transport concrete for placement. The requirement for
concrete pumping technology has been increasing due to the increase of large-scale construction projects such as
high-rise buildings, long-span bridges, and others. Correspondingly, pumping construction has gradually become
a difficult and challenging work. With the development and use of various chemical and mineral admixtures, the
rheological performance of fresh concrete exhibits complexity and diversity. The experience and the guidelines of
concrete pumping based on conventional concrete may be no longer applicable to new types of concrete. Thus, the
development of prediction method of concrete pumping has been becoming a crucial issue for the concrete
industry.

Although a few experimental devices such as sliding pipe rheometer have been proposed to predict pumping
pressure required for concrete flow, besides the pumping pressure, other concern about pumped fresh concrete is
the segregation, i.e., the separation of aggregate from cement paste or matrix mortar, When pumping, it is
considered that large particles, such as coarse aggregate and larger sand particles, undergo the shear-induced
migration towards the inner, forming a slip layer (also referred to as lubrication layer) near the pipe wall. Also, in
front of the concrete, the concentration of coarse aggregate is high, which may form a plug of coarse aggregates
to Jead to the pipe blockage. Thus, the segregation prediction of pumped concrete is also an important issue.

Dynamic segregation and slip layer play a dominant role during pumping. However, the test methods
commonly used to measure the consistency of fresh concrete, such as slump test, cannot encapsulate the effects of
segregation and slip layer, and has been proved 1o not be relevant to the pumpability of concrete. Therefore, it is
urgent to develop a new method for evaluating and predicting the pumpability of fresh concrete.

Pumping experiment is possible to confirm the pumpability of fresh concrete. However, numerical flow
simulation is thought to be a rapid, inexpensive, and time & labor-saving method. Among the existing numerical
methods, meshless particle methods, such as SPH and MPS, are suitable to pipe flow of fresh conerete. Since the
interaction between particles can be well considered in particle methods, they have the potential to simulate
heterogeneous properties of concrete and provide information about the dynamic segregation of concrete in pipe.

As a fundamental study of numerical analysis method ot concrete pumping, this research aims to develop a
numerical pipe flow approach based on the particle method to predict the flow & segregation behaviors of fresh
concrete in pipe.

The original MPS method was improved to have complete implicit algorithms to simulate the flow of fresh
concrete with high efficiency. The calculation efficiency and the applicability of weakly compressible SPH
(WCSPH) and complete implicit MPS (I-MPS) approaches to the flow simulation of freshly mixed cementitious
materials (FCM) were discussed. By comparing the numerical and experimental results of L-flow of fresh mortars,
it is found that the WCSPH method would be suitable for flow simulation of fresh cementitious materials have low
fluidity or they are subjected to low pressure, whereas the I-MPS method is of a wide application, especiaily for
the fresh cementitious materials with high fluidity or subjected to a high pressure.

Then, the [-MPS method was further improved to have the ability to calculate two-phases flow problems,
considering the differences in particle size, density, and interaction of different sorts of particle. A new constituent
model, called Double-phase & multi-particle (DPMP) model, was proposed and incorporated into the [-MPS to
establish a numerical flow & segregation model for fresh concrete. It was verified that the flow & segregation
model can simulate the segregation behavior of coarse aggregate in fresh concrete together with fresh concrete’s
flow behavior. Both the static and dynamic segregation behaviors of fresh concrete were investigated numerically.
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and the author found that the smaller the yield stress of the matrix mortar, the easier it is for the coarse aggregate
to segregate. Low plastic viscosity of matrix mortar, large size of coarse aggregate, and large difference of flow
speed between coarse aggregate and matrix mortar will result in an increase in the segregation velocity of coarse
aggregate.

A macroscopic approach was used to describe the slip layer in pipe flow. This macroscopic approach can not
only avoid the assumption of the composition and thickness of slip layer, but also simplify the numerical model
and thus raise the calculation efficiency of numerical simulation. Then, based on this macroscopic approach of slip
layer, the pressure-pipe flow rate relationship was clarified by theoretical investigation. Finally, a new numerical
method of concrete’s pipe flow was developed based on the flow & segregation model, the slip layer model, and
the [-MPS method, and was used to predict the pumping pressure of concrete, and to simulate the flow &
segregation behaviors of fresh concrete in the pipeline, including particle velocity distribution, pressure
distribution, deformation distribution, and coarse aggregate distribution, etc. By comparing the numerical and
theoretical results, the numerical pipe flow method developed in this study was verified.
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