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Fig.1 Distribution of localized strain under uniaxial tension by traditional gradient-free model
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Fig.4 Distribution of effective strain for uniaxial gradient damage model
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ON THE STRAIN-GRADIENT-ENHANCED DAMAGE MODEL
AND ITS APPLICATION TO THE LOCALIZATION ANALYSIS "

Zhao Jidong  Zhou Weiyuan  Liu Yuangao
(Department of Hydrawic Fngineering, Tsinghus University, Begfing 100084, China)

Abstract  This paper presents a strain-gradient-enhanced damage model for the analysis of
localization for rodk-conerete-like brittle materials. Unlike the massive work on non-local model,
which focus on the spatial average of strain of other variables and a concomitant intrinsic length to
solve the problems of zero-dissipation and mesh-dependence, the maodel in this paper introduces the
strain gradient and an intrinsic length scalar of the material into the constitutive law and makes
use of isotropic damage. This strain-gradient-enhanced damage model is applied to the FEM
simulation of damage localization. Comparison with conventional models illustrates the problem
of mesh-dependence can be properly solved by this model. Upon the implementation of F.E.M.,
Ccontinuum N3U18 and N4U24 elements are adopted to reserve the contimmm of the first-order
of displacement, and thus the existence of strain gradient. When rectangular elements are used,
the combination of nodal strain gradient determined by finite deferential method (F.D.M.) mixed
by traditional F.E.M. avoids large modification of the original F.E.M. codes, with the advantage
of high efficiency and without any large damage to the precision. Simulation of uniaxial tension
verifies the conclusion drawn above.

However, several problems remain unresolved for this model. First, by introducing of strain
gradient, the hardening of local stiffness is intensified, which results in a higher critical value of the
bifurcation hardening modulus. Second, the mechanical mechanism of intrinsic length of material
has no clear and universal illustrations by experiments, and the interrelation between intrinsic
length and damage evaluation is not yet verified. Finally, the isotropic model of this paper is much
too simplified to account for the anisotropic behaviors of rock-concrete-like material, and thus a
more general anisotropic strain-gradient-enhanced damage model is under study.

Key words strain-gradient-enhanced, damage model localization, mesh dependence, 'y -continmum
elements, F.EM. & F.D.M.
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