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Numerical study of drying process and columnar fracture process in granules-water mix
tures
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Crack patterns are observed in everyday life. Columnar joint in cooled lava, especially, is an intriguing phenomenon and ha
fascinated many people for centuries. Recently, the patterns of cracks similar to columnar joint are investigated in the drying pro
cess of starch-water mixtures. During the drying process there are three stages. Stage 1: The water content decreases uniforr
Stage 2: Cracks are formed to extend to the bottom of the sample and a sudden change of water content occurs. These cracks h
a uniform structure along the vertical direction and are refereed as type | cracks. Stage 3: The water content decreases slowly a
the water content distribution becomes non-uniform, i.e., it has a “front”. The front propagates inwardly and the mixture shrinks
non-uniformly and another type of cracks, i.e., type Il cracks are formed. The type Il cracks show three-dimensional prismatic
structure.

We investigate the formation of three-dimensional prismatic cracks in the drying process of starch-water mixtures by the com:
puter simulation. We assume that the mixture is an elastic porous medium which possesses a stress field and a water content fie
The evolution of both fields are represented by a spring network and a phenomenological model with the soil water potential
respectively. We find that the water content distribution has a propagating front which is hardly explained by a simple diffusion
process. The prismatic structure of cracks driven by the water content field is observed. The depth dependence and the coarsen
process of the columnar structure are also studied. The particle diameter dependence of the scale of the columns and the eff
of the crack networks on the dynamics of the water content field are also considered.



