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The development of an adequate scheme for the numerical simulation of crack initiation and 

propagation is still a significant challenge for the Computational Mechanics community. A 

huge effort has already been made to develop novel and accurate models for fracture and an 

enormous progress has been achieved. A particularly successful approach is provided by the 

Linear Elastic Fracture Mechanics (LEFM) theory, based on Griffith’s theory for brittle 

fracture, which relates crack nucleation and propagation to a critical value of the energy 

release rate. 

 

The efforts to model brittle fracture focused essentially on two broad approaches: (i) discrete 

methods, such as the element deletion method, the embedded finite element method or the 

extended finite element method, which use the finite element method in conjunction with 

Griffith’s-type LEFM models to incorporate discontinuities into the displacement field, and 

(ii) continuum-damage (CD) methods, which incorporate a damage parameter into the model 

that describes the material’s deterioration and controls its strength. Some of these methods are 

already available in commercial CAE software packages and can be used for commercial 

applications. However, it has long been recognized that, while discrete methods are well 

suited only for static fracture and when a moderate number of cracks occurs, CD methods are 

not effective when modeling large dominant cracks, since the damage zone tends to widen in 

a direction normal to the crack initiation as the simulation proceeds. Another shortcoming of 

CD methods is that regularization algorithms are needed to overcome mesh dependency. 

 

Additionally, current methods for predicting crack propagation, in particular for dynamics and 

3D problems, still lack accuracy and robustness, even when applied to relatively simple 

benchmark tests [1]. 

 

Due to these reasons, several efforts were made in the last decade for the development of 

alternative schemes. Recently, a new approach for the numerical simulation of fracture has 

emerged. In this approach, discontinuities are not introduced into the solid to represent cracks. 

Instead, a fracture locus is approximated by a phase-field, which smoothes the boundary of a 

crack over a small region [2, 3]. The major advantage of using a phase-field approach is that 

the evolution of fracture surfaces follows from the solution of a coupled system of partial 

differential equations. Contrarily to many discrete methods, its implementation does not 

require fracture surfaces to be tracked algorithmically. Phase-field models avoid these 
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difficulties by introducing a continuous phase-field variable which smoothly interpolates 

between undamaged and fully failed states of the modeled material.  

 

The goal of this paper is to present a new finite element phase-field model for brittle fracture. 

Here, the temporal evolution of a crack field is described by a thermodynamically consistent 

Ginzburg-Landau-type evolution equation. An implicit time-integration scheme is employed 

for the temporal discretization of the transient evolution equation. The nonlinear coupled 

system of equations is solved using a Newton-Raphson algorithm.  

 

Several numerical experiments demonstrate that, unlike many of the current numerical 

methods based on the classical theory of Griffith, the proposed phase-field fracture model is 

able to reproduce various complex phenomena, such as deflection or branching of pre-existing 

cracks, as well as the nucleation of new cracks in originally undamaged domains. 

 

REFERENCES 

[1] J.-H. Song, H. Wang, T. Belytschko, A comparative study on finite element methods for 

dynamic fracture, Computational Mechanics, Vol. 42, pp. 239250, 2008. 

[2] C. Miehe, M. Hofacker and F. Welschinger, A phase field model for rate-independent 

crack propagation: robust algorithmic implementation based on operator splits, Computer 

Methods in Applied Mechanics and Engineering, Vol. 199, no. 45–48, pp. 2765–2778, 

2010. 

[3] M. J. Borden, C. V. Verhoosel, M. A. Scott, T. J. R. Hughes and C. M. Landis, A phase-

field description of dynamic brittle fracture, Computer Methods in Applied Mechanics 

and Engineering, 217–220, pp. 77–95, 2012. 

 

 

 


