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Mathematical model and numerical analysis method for pattern formation in desiccation cracking

Thesis Summary

The inhomogeneous volume shrinkage of materials due to desiccation results in the formation of the
desiccation cracks. The desiccation cracks have a net-like structure and tessellate the dry-out surface of
materials into polygonal cells with typical length scale. While some varieties can be observed in size,
shape, and net-like structure of the cracks depending on the choice of materials and conditions, the
basic features of the desiccation crack pattern are conserved. The main goal of this research is to show
the governing mechanism behind the pattern formation in desiccation cracking through the numerical
analysis. This thesis is organized into seven chapters.

Chapter 1 presents the introduction of this research. The problems of the previous experimental and
numerical researches are summarized. The assumption of this research that the typical length scale of
the desiccation crack pattern is determined from the coupling among multi-physics is proposed.
Chapter 2 proposes the mathematical model for the desiccation crack phenomenon. The desiccation
crack phenomenon is modeled by the coupling of three physical processes: the water diffusion, the
deformation of the materials, and the fracture. The analytical formulation and the discretized formulation
based on PDS-FEM (Particle Discretization Scheme Finite Element Method) are proposed.

Chapter 3 proposes the numerical analysis method. The FEM analysis for diffusion and the PDS-FEM
analysis for deformation and fracture are weakly coupled.

Chapter 4 presents the numerical analysis results for the one-dimensional parallel crack pattern.

Chapter 5 presents the numerical analysis results for the two-dimensional net-like crack pattern. Also,
the results from the drying experiment of calcium carbonate slurry are presented. The validity of the
proposed model and numerical analysis method is verified through the comparison of the numerical
analysis results and the experimental results.

Chapter 6 presents the supplemental numerical analysis under simplified problem setting with
emphasis on the coupling between desiccation and deformation. This simplified problem setting
provides some insights on the physical causes for the dependence of the stress intensity on the size of
the domain. Also, the role of the evaporation from the crack surfaces is discussed.

Chapter 7 concludes this thesis. According to the numerical analysis results, it can be safely concluded
that the coupling of the equations without length scale can determine the typical length scale with typical
geometry emerging out of the completely homogeneous field. In addition to the conclusion, the

significance of the application of PDS-FEM to the drying shrinkage field is mentioned.




