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ABSTRACT

For evaluating the time-dependent inelastic stress-deformation behavior of steel structures, a material
model is proposed, which is developed within the framework of thermodynamics using a continuum
damage approach. Viscoplastic deformation, ductile damage, and localization of the deformation field
are considered to describe the material behavior realistically.

The mathematical description of the material behavior is achieved by a set of ordinary differential
equations of first order with respect to time. Under assumption of small strains, the elastic strain rate
is based on Hooke’s law and contains a degradation of Young’s modulus by the nonlocal damage vari-
able D̄, while the inelastic viscoplastic deformations are obtained following the approach by Chaboche
and Rousselier1,2. The over-stress σex, that determines the onset of viscoplastic deformation, results
from a modified criterion based on Gurson3 and Tvergaard and Needleman4. The yield function con-
siders isotropic hardening and volumetric inelastic deformations in case of damage. The evolution of
isotropic ductile damage Ḋ bases on models by Lemaitre et al.5 and by Gurson3 and Tvergaard and
Needleman4. Details concerning the constitutive equations and their thermodynamical consistency are
given in Zümendorf6.

Stress-deformation analysis of structures implies the solution of the underlying initial boundary value
problem of the body Ω. The weak form of the equilibrium equation follows the principle of virtual work.
Stresses are coupled with strains and internal variables, where the latter characterize the state of the
material (hardening, softening, or damage). Softening and damage are accompanied by localization of
deformations in small zones. Since the dimension of the zones is not determined, the results suffer from
a dependency on the FE-discretization. To overcome this problem, the model is extended by an internal
length lc, which defines the dimension of the localization zone. Here, an implicit gradient enhanced
method is applied8,9, which requires an additional differential equation for the nonlocal formulation of
the damage field D̄

˙̄D − l2c∇2 ˙̄D = Ḋ (1)
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with parameters c1 to c5 and the equivalent inelastic strain rate ε̇in
v . The weak form of the additional
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∫
∂Ω

δD̄t̄D̄ d∂Ω = 0 (3)

with Neumann boundary condition ˙̄tD − n∇ ˙̄D = 0.

3D-structural analysis is performed applying the finite-element method with trilinear 8 node brick el-
ements for the spatial discretization of the displacement field and the damage field. The accuracy of
the material model is evaluated by means of CT-specimens under permanent loading. The model pa-
rameters are determined by creep tests on steel specimens (X 20 CrMoV 12.1). The comparison with
experiments shows good agreement between the measured and the calculated results. The distribution
of damage for CT-specimens with a bore diameter of 10mm and 2mm is shown in Figure 1. In near
future the model will be extended to take into account the behavior under dynamic loading.

Figure 1: Distribution of damage for CT-specimens with a bore diameter of 10mm and 2mm
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