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2 Time-independent
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Abstract

The shear band can be described as a narrow region in a solid undergoing intense
shearing. After a shear band is developed, sliding of the two sides of the band can be
observed. In this procedure, the region within the band undergoing the large plastic

deformation and the outside of it, commonly experiences the elastic unloading.

The major difficulty in computational simulations of such failure is that the widths
of shear band are usually far smaller than the dimensions of the structure. As the result,
the width of the band in the numerical solution corresponds to the element size and as
the mesh is refined, the width of the band decreases. In addition, finite element solutions
exhibit a directional dependence in such phenomena, that the band forced to follow the
predefined directions such as along the element edges or element diagonals. Therefore,
the classical finite element method suffers from severe mesh dependency in the analysis

of localization problems.

This project presents a method for shear band propagation using strong tangential
discontinuity in the formwork of the extended finite element method (XFEM) for the
von Mises materials in the planer problems. By adding the enrichment theorem to the
classical finite elements, the discontinuity can be arbitrary positioned within the meshes.
A Newton Raphson procedure was employed to solve the nonlinear equations. The loss
of stability of the boundary value problem is used as the criterion for shear band
initiation and its direction. This investigation introduces a new enrichment function for
the shear band by adding the tangential extra degree of freedom to the classical finite
element nodal displacements. This enables the elements to deform freely along the band
direction. A proper traction-separation law based on the shear traction in the band
interfaces is used to capture the real phenomena. This enables the model to simulate the
dissipated energy within the band in the plastic deformation procedure and reproduces
the correct fields in the vicinity of it. Finally, several numerical examples are analyzed
to demonstrate the efficiency of the model in shear band localization.

Keywords: shear bands, localization, extended finite element method






School of Civil Engineering
University of Tehran

XFEM modeling of shear band propagation

By:
Alireza Daneshyar

Under supervision of:
Prof. S. Mohammadi

This thesis submitted to the Graduate Studies Office
in partial fulfillment of the requirements for the degree of M.Sc in
Structural Engineering

Feb. 2012




