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Abstract

The complexities and variabilities associated with cement-based materials pose real challenges in the
layered extrusion process which is the most common method for 3D printing of cement-based materials.
From a binder rheology standpoint, it is imperative that the material should flow cohesively though the
extruder, but at the same time, be able to “set” fast enough once extruded so that it can maintain its
shape and carry the weight of the overlaid layers. This requires control of particle shapes and sizes capable
of retaining paste cohesion to enable flow as well as yield stress development, and adequate chemical
reactions. Moreover, the processing techniques also influence the rheology — yield stress is a function of
the compacting pressure that the paste is subjected to while being extruded, the geometry of the
extruder, the surface roughness of the container walls etc. The efficiency of printing, thus is a function of
a number of materials and processing related parameters, knowledge of which is essential in successful
digital fabrication of cement-based binders.

Characterization of paste flow is important in ensuring rheological control during printing. The interaction
between the rheological characteristics and processing parameters are better studied through a
combination of experimental and simulation tools. For fresh pastes and concrete, discrete element
method (DEM)-based simulations are appropriate to provide insights into the particle scale processes
occurring during extrusion-based printing, and to relate them to the macro-scale response of the entire
system. In this paper, we model the extrusion process of a plain ordinary Portland cement (OPC) paste
using DEM, and outline the methodology adopted to evaluate the linkage between particle scale
processes and extrusion process. An analytical model for a frictional plastic material undergoing ram
extrusion is also used in conjunction with the DEM model to arrive at the yield stresses and shaping
stresses that enable efficient extrusion process, as a function of the material microstructure.
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