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Introduction
Elimination or reduction of discretization-induced oscillations in
the global load-displacement response of brittle systems, with
a solution that preserves a coarse discretization, enhances the
efficiency and robustness of cohesive zone models (CZM).

Self-adaptive cohesive zones
An adaptive hierarchical extension is used to enrich the separa-
tion approximation in the process zone of an interface undergoing
mixed-mode delamination (see figures 1 and 2).
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Fig. 1 Enrichment of interpolation functions [1].

Fig. 2 Deformation of an enriched CZ element.

Mixed-mode application
An elastic bulk material characterized by E = 100GPa and
ν = 0.3 is pulled from a rigid substrate as shown in figure 3.

Fig. 3 Mixed-mode peel-off test.

Interfacial behavior is described by a bi-linear traction-separation
law in a damage mechanics framework (see figure 4).

Fig. 4 Interface constitutive law.

Figure 5 proves the efficiency of the enriched CZM:
• A relatively smooth response is retrieved applying the en-
riched model to a coarse mesh.

• The standard Newton-Raphson approach is applicable to
the enriched model [2].

Conventional CZM; 100 CZ elements

Conventional CZM: 200 CZ elements

Enriched CZM; 50 CZ elements

Conventional CZM; 50 CZ elements
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Fig. 5 Force-displacement diagram of peel-off test.

Three-dimensional extension
The methodology has the potential to be extended to 3D delam-
ination problems by choosing appropriate enrichment strategy
and hierarchical functions, as shown in figure 6.

Fig. 6 Two-dimensional enriched interface element and hierarchical

extensions.

Conclusions and remarks
• Mobile piece-wise linear enrichment improves the efficiency
and robustness of a CZM.

• The elaborated methodology is applied in a general dam-
age mechanics framework.

• Extension of the proposed enrichment scheme to delami-
nation in a 3D finite element framework is in progress.
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