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Low cycle fatigue is in general associated with large plastic strains accompanied by the formation and coalescence of pores.
Considering continuum damage mechanics, many local constitutive models for ductile damage can be found in the literature.
These local models however, that do not involve any length scale, lead to mesh dependent results. In order to regularize these
local models, the micromorphic approach will be applied. Within this talk, it will be shown that the standard micromorphic
approach is not suitable to regularize the underlying ductile damage model. A modified version will be therefore proposed
and compared to the standard approach. This modified model will be extended to low cycle fatigue and its capabilities will be
shown.
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1 Kinematics

Let u(X) be the displacement field of all points X of body B. Then, the Hencky strain tensor follows as € = 3 In(C) with
C being the right Cauchy-Green tensor. The additive split of the Hencky strain tensor in an elastic part and a plastic part

€ = €° + P allows to extend linearized kinematics to finite strains while preserving the structure of the local constitutive
model, cf. [1].

2 Constitutive model

The ductile damage model is adopted from [2, 3]. Its micromorphic enhanced Helmholtz energy reads
Y =1(e, €, b) + ¥P(a, k; b) +UP" (b, @b) + V¥ (Veps) (1
with a and k being two second-order tensors associated with kinematic and isotropic hardening, cf. [4]. The tensor b describes
the integrity of material points, i.e., damage is defined as d = I — b. By applying the micromorphic regularization, additional
tensor ¢y is coupled to integrity tensor b and its gradient is minimized [5,6]. The dual variables then follow as
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The model is completed by the plastic potential g = ® + I' from which the evolution equations of internal variables follow as
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Since this is in line with the principle of generalized standard materials, cf. [7], the dissipation inequality is automatically
fulfilled. The aforementioned modification of the micromorphic approach, cf. [4], is the modification of the yield function of

the type
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Since w can be rewritten as a gradient contribution, the modification indeed corresponds to a gradient-enhancement.

Fig. 1 compares the modified and the standard micromorphic approach by means of a one-dimensional truss with an
imperfection. The left figure shows the typical localization effect when considering models without internal length scale.
Contrary, both the standard micromorphic approach and the modified version yield mesh independent results. Yet, only the
modified version shows a softening response. By considering two-dimensional boundary value problems, it is shown in [4]
that the standard approach leads, similar to the local model, to mesh-dependent results.

3 Extension to low cycle fatigue

In order to adapt the model to low cycle fatigue, certain changes to the constitutive equations are introduced. The major
change is the introduction of an additional internal variable, which triggers the damage evolution by means of the dissipated
plastic work during deformation, cf. [8].
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20f2 Section 3: Damage and fracture mechanics
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Fig. 1: One-dimensional truss with an imperfection: Load-displacement diagrams predicted by: (left) the local model, (middle) the standard
micromporphic model and (right) the modified micromorpic model for different finite element meshes (20, 40, 80 and 160 finite elements)

A first impression of the final model is given in Fig. 2, in which the model is calibrated with respect to a cyclic tensile
test. The left plot shows the load-displacement diagram up to 77 cycles and the right plot the load-displacement diagram
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Fig. 2: Cyclic tensile test — left: load-displacement diagram corresponding to 77 cycles; right: load-displacement diagram corresponding to
93 cycles (failure)

until failure after 93 cycles. It can be seen that the extended model is able to simulate cyclic hardening as well as material
degradation in a mesh objective manner.

4 Conclusion

A constitutive model suitable for to low cycle fatigue was presented. It is based on the anisotropic ductile damage model
proposed in [2, 3] and has been gradient-enhanced by a modified version of the micromorphic approach [5,6]. Based on an
illustrative example, the capabilities of this modification were shown. The resulting gradient-enhanced model was adapted to
low cycle fatigue. It was shown that the final model indeed captures the low cycle fatigue behaviour observed in experiments
— qualitatively as well as quantitatively.
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