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Osman Gültekin, Hüsnü Dal, Gerhard A. Holzapfel

PII: S0045-7825(17)30713-2
DOI: https://doi.org/10.1016/j.cma.2017.11.008
Reference: CMA 11667

To appear in: Comput. Methods Appl. Mech. Engrg.

Received date : 5 April 2017
Revised date : 19 July 2017
Accepted date : 5 November 2017

Please cite this article as: O. Gültekin, H. Dal, G.A. Holzapfel, Numerical aspects of anisotropic
failure in soft biological tissues favor energy-based criteria: A rate-dependent anisotropic crack
phase-field model, Comput. Methods Appl. Mech. Engrg. (2017),
https://doi.org/10.1016/j.cma.2017.11.008

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cma.2017.11.008


Numerical Aspects of Anisotropic Failure in
Soft Biological Tissues Favor Energy-based Criteria:

A Rate-dependent Anisotropic Crack Phase-field Model
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Dumlupınar Bulvarı No. 1, Çankaya, 06800, Ankara, Turkey

§ Faculty of Engineering Science and Technology
Norwegian University of Science and Technology (NTNU)

7491 Trondheim, Norway

To appear in
Computer Methods in Applied Mechanics and Engineering

Abstract

A deeper understanding to predict fracture in soft biological tissues is of crucial importance to better
guide and improve medical monitoring, planning of surgical interventions and risk assessment of dis-
eases such as aortic dissection, aneurysms, atherosclerosis and tears in tendons and ligaments. In our pre-
vious contribution (Gültekin, et al., CMAME, 312:542-566, 2016) we have addressed the rupture of aor-
tic tissue by applying a holistic geometrical approach to fracture, namely the crack phase-field approach
emanating from variational fracture mechanics and gradient damage theories. In the present study, the
crack phase-field model is extended to capture anisotropic fracture using an anisotropic volume-specific
crack surface function. In addition, the model is equipped with a rate-dependent formulation of the
phase-field evolution. The continuum framework captures anisotropy, is thermodynamically consistent
and based on finite strains. The resulting Euler-Lagrange equations are solved by an operator-splitting
algorithm on the temporal side which is ensued by a Galerkin-type weak formulation on the spatial
side. On the constitutive level, an invariant-based anisotropic material model accommodates the non-
linear elastic response of both the ground matrix and the collagenous components. Subsequently, the
basis of extant anisotropic failure criteria are presented with an emphasis on energy-based, Tsai-Wu,
Hill, and principal stress criteria. The predictions of the various failure criteria on the crack initiation,
and the related crack propagation are studied using representative numerical examples, i.e. a homoge-
neous problem subjected to uniaxial and planar biaxial deformations is established to demonstrate the
corresponding failure surfaces whereas uniaxial extension and peel tests of an anisotropic (hypothetical)
tissue deal with the crack propagation with reference to the mentioned failure criteria. Results favor the
energy-based criterion as a better candidate to reflect a stable and physically meaningful crack growth,
particularly in complex three-dimensional geometries with a highly anisotropic texture at finite strains.
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