Finite Element Analysis of Strain Localization in Concrete
Considering Damage and Plasticity
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Abstract

The strain localization of concrete is a phenomenon such that the deformation of concrete is localized in
finite region along with softening behavior. The objective of this paper is to develop a plasticity and damage
algorithm for the finite element analysis of the strain-localization in concrete.

In this paper, concrete member under strain localization is modeled with localized zone and non-localized
zone. For modeling of the localized zone in concrete under strain localization, a general Drucker-Prager
failure criterion by which the nonlinear strain softening behavior of concrete after peak-stress can be con-
sidered is introduced in a thermodynamic formulation of the classical plasticity model. The return-mapping
algorithm is used for the integration of the elasto-plastic rate equation and the consistent tangent modulus
is also derived. For the modeling of non-localized zone in concrete under strain localization, a consistent
nonlinear elastic-damage algorithm is developed by modifying the free energy in thermodynamics. Using
finite element program implemented with the developed algorithm, strain localization behaviors for con-
crete specimens under compression are simulated.

Keywords : concrete, strain localization, consistent algorithms, strain-softening plasticity, non-
linear-elastic damage, finite element analysis
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Fig. 1 Localized failure by compression
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Fig. 3 Strain localization behavior
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