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In this work T-spline-based isogeometric analysis (IGA) is applied to frictionless contact and
debonding problems between deformable bodies, in the context of large deformations. The
key feature of IGA is the exact description of the geometry (i.e. exactly equal to the geometry
generated by CAD) with a tailorable degree of continuity at the element boundaries.
Moreover, this takes place in addition to the advantageous features of variation diminishing,
convex hull properties, and non-negativeness of the basis functions [1]. As shown by the first
results in the literature [2-5], contact formulations based on non-uniform rational B-splines
(NURBS) provide a robust description of large deformation contact between deformable
bodies, which is both effective and accurate for different interpolation orders. A multivariate
NURBS discretization, however, does not provide a natural possibility for local mesh
refinement due to its rigid tensor product structure. NURBS-based design deficiencies can be
overcome by using T-splines, which allow for local refinement through the introduction of T-
junctions and extraordinary points [6].

NURBS and T-Spline discretizations are here incorporated into an existing finite element
framework by using Bézier extraction, i.e. a linear operator which maps the Bernstein
polynomial basis on Bézier elements to the global NURBS or T-spline basis. A recently
released commercial T-spline plugin for Rhino3d is used to build the analysis models adopted
in this study.

In such context the continuum is discretized with cubic T-splines and NURBS, and a Gauss-
point-to-surface (GPTS) formulation is combined with the penalty method to treat the contact
constraints in the discretized setting [7]. Some numerical examples demonstrate the potential
of T-spline IGA to solve challenging contact problems in 2D and 3D. More specifically, the
Hertz problem is used as benchmark to compare the performance of cubic T-spline
discretizations with NURBS of equal order from the standpoint of spatial convergence,
characterized by uniform (N,) and non-uniform (N,,) patterns. The convergence study shows
a very similar order of convergence, due to the equal polynomial degree and contact
formulation, and to the absence of error estimation criteria in performing the local T-spline
refinement. However, the T-spline error curve is shown to lie below all the NURBS curves,
thus demonstrating the superior accuracy of T-splines for a given number of degrees of
freedom (DOFs) (Figure 1).

The purely geometric enforcement of the non-penetration condition in compression is then
generalized to encompass both contact and mode-I debonding of interfaces which is here
approached through cohesive zone (CZ) modelling [8]. Based on CZ models, non-linear
relationships between tractions and relative displacements are assumed. These relationships
dictate both the work of separation per unit fracture surface and the peak stress that has to be
reached for the crack formation. Depending on the contact status, an automatic switching
procedure is used to choose between cohesive and contact models.

Results for the double cantilever beam (DCB) test and for the bi-material peel test with
varying resolutions of the process zone, and number of Gauss points used for the enforcement
of the contact constraints, are presented and compared. The superior accuracy of T-splines
interpolations with respect to the NURBS and Lagrange ones for a given number of DOFs is
verified. Figure 2 shows the main results obtained for a DCB problem with DOFs=1698, and



a CZ law with cohesive strength pnma—=6 MPa, fracture energy Gic=0.1 N/mm, and ratio
between the ultimate and maximum opening displacements gnu/gnmax=12.5.
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Figure 1: L, error norm of the contact pressure. ex=10’.
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Figure 2: Load-displacement response for a DCB problem.
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