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Technical University of Košice, Civil Engineering Faculty
Department of Structural Mechanics1, Department of Applied Mathematics2
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Recently, the advance in analysis and development of composite laminate structures has
considerably influenced the applicability of composite materials in aeronautical and air-
craft industry. Therefore, considering the mathematical models and developing of nu-
merical algorithms for investigation of the interface fracture problems in such structures
seems to be crucial. The interface as a contact boundary zone of a layered structure
has been modelled as an infinitesimally thin cohesive layer which can be partially or
completely damaged. The numerical implementation considers the cohesive-type contact
which includes nonlinear phenomenon of friction and also elasto-viscosity. A mathemati-
cal model for analysis of delamination problems has been developed and implemented into
the program Matlab by means of the Symmetric Galerkin Boundary Element Method.
The approach enables to exploit an energetic formulation, which governs the process of
interface rupture.

The energetic formulation of delamination model with cohesive contact
The interface Γc is considered as an infinitesimally thin cohesive layer represented by a con-
tinuous spring distribution with normal and tangential stiffnesses kn and ks, respectively.
The interface failure mechanism is described by an interface damage variable ζ. Assuming
the new quadratic term ζ2 with cohesive stiffness parameters kn2 and ks2 , the required
nonlinear dependence of investigated parameters was obtained, see Figure 1(b) [1]. Let
us assume the formulation of the stored energy functional E of the system at time time τ
as

E(τ ,u, ζ) =

∫
ΩA
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εA:CA:εAdΩ +

∫
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εB:CB:εBdΩ +∫

Γc
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[ζ(kn1 + ζkn2)[u]2n + ζ(ks1 + ζks2)[u]2s + kg([u]−n )2]dΓ. (1)
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The dissipation potential can express as

R(u; u̇, ζ̇) =

∫
Γc

−µkg[u]−n ·|[u̇]s|+Gd|ζ̇|+ α|ζ̇|2dΓ + τR

∫
ΩA

1
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ε̇A:CA:ε̇AdΩ+

τR

∫
ΩB

1

2
ε̇B:CB:ε̇BdΩ. (2)

The present formulation of multidomain contact problem has been tested numerically by
a computer code, which was implemented in Matlab. An example analysis presents the
response of the cohesive contact model in combination with nonlinear effect of a friction
and elasto-viscosity [2]. The geometry in the present example includes two rectangular
domains mutually joined and put on each other. The applied loading is assumed on the
top domain in two subsequent steps, see Figure 1(a). First, a vertical compress loading
is applied which leads after the rupture of the interface to a receding contact problem.
Second, a loading equivalent to standard pull-push shear test well known from several
engineering applications is applied afterwards.

(a) (b)

Figure 1: (a) Geometry of the multidomain contact model, (b) Distribution of stress t1 at load step k.
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