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ABSTRACT

Modelling brittle/fatigue fractures accurately in arbitrary material types remains a challenging
problem in computational mechanics. Accurate prediction of stress intensity factors at the tips/fronts
of evolving fracture networks is essential for engineers to make brittle/fatigue predictions. Most
methods that obtain sufficiently high accurate crack tip stress intensity factor predictions do so
through the use of a priori knowledge of the singular stress field at the crack tip; for example the
M-integral or enrichment, such as the eXtended finite element method. However, these methods
are only valid for specific materials and suffer from computational issues when analysing problems
involving several propagating fractures, or, when the mesh poorly resolves the enriched crack path.
Here, a Configurational (material) force-based method, that predicts the crack path prediction
through a global energy minimisation postulate, removes the necessity of knowing the stress field
a priori whilst producing very accurate stress intensity values at crack tips [1]. The proposed
method is demonstrated to be path independent, unlike other configuration force methods in the
literature, and is combined with a robust a posteriori residual error estimator [2] which can be
used to quantify the errors associated with the fracture predictions for static and quasi-static crack
path prediction [3]. Accuracies are achieved which are at least 100 times more accurate than other
numerical methods which make no assumption about the local tip stress field; additionally it is
shown to be at least as accurate as enrichment methods. This opens the door for Configurational
Force-based methods to be used for fatigue predictions. Lastly, the method is demonstrated to be
completely mesh-independent for static and quasi-static problems, in particular for problems where
the crack path prediction is highly sensitive to any heterogeneity (numerical or material) producing
bifurcations in the solution. Provided the confidence of its inherent accuracy, the method is used to
question, and challenge, the suitability of the crack path solutions of numerical validation problems
used throughout the literature.

REFERENCES

[1] Bird, R.E., Coombs, W.M. & Giani, S. (2019). Accurate Configuration Force Evaluation via hp-adaptive
Discontinuous Galerkin Finite Element Analysis. Engineering Fracture Mechanics 216: 106370.

[2] Bird, R. E., Coombs, W. M. & Giani, S. (2019). A posteriori discontinuous Galerkin error estimator
for linear elasticity. Applied Mathematics and Computation 344-345: 78-96.

[3] Bird, R. E., Coombs, W. M. & Giani, S. (2021). Configurational Force-based adaptive crack propagation

for brittle materials. International Journal of Numerical Methods in Engineering (Submitted).


