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Hydraulically driven fracture has gained more and more research activity in the last few
years, especially due to the growing interest of the petroleum industry. Hydraulic frac-
turing, commonly known as fracking, is a technique to increase hydrocarbon production
from the subsurface system of reservoirs. Existing models for hydraulic fracturing can be
found for example in Boone and Ingraffea [2] or Schrefler et al. [6]. The key challenge for
a powerful simulation of this scenario is an effective modeling and numerical implemen-
tation of the behavior of the solid skeleton and the fluid phase, the mechanical coupling
between the two phases as well as the incorporation of the fracture process.

For this purpose we propose a new compact model structure which is fully variational in
nature. To this end we first develop variational potentials for the Biot-type fluid transport
in porous media at finite strains, related to the fundamental work Biot [1]. The presented
formulation is then coupled to a phase-field approach for fracture which characterizes an
intuitive and descriptive regularization of a crack surface that converges for vanishing
length-scale parameter to a sharp crack. In contrast to formulations with a sharp-crack
discontinuities, the proposed regularized approach has the main advantage of a straight-
forward modeling of complex crack patterns including branching. For a deeper insight
into the phase-field approach to fracture we refer to Miehe et al. [4] for static problems
or Hofacker and Miehe [3] for dynamic extension.In this work, we extend these concepts
to the coupled problem of fluid transport in porous media at fracture.

Based on the variational potentials we develop a new rate-type mixed variational principle
for the evolution problem where the fluid potential plays the role of a mixed variable. For
the numerical implementation of the proposed formulation the variational structure is
exploited in the numerical scheme by constructing time- and space-discrete incremental
potentials for the update problem within a typical time step. The variational structure
underlines the inherent symmetry of the coupled problem and advices the use of symmetric
solvers for the Newton-type iterative update. This is a strong argument for the proposed
variational formulation as it provides a distinctive speedup and reduction of data storage
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compared with non-symmetric formulations. A similar variational setting for coupled
diffusion problems in elastic solids is presented in Miehe et al. [5]. We demonstrate the
model capabilities and performance by means of representative numerical examples of
complex fracturing scenarios.
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