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Phase Field Concept & Overview

Phase Field Benchmarks

Why Phase Field?

Phase Field Fracture Modeling with Interfaces

‚ Allows crack initiation, propagation, and branching
‚ No need for crack tracking
‚ No need for conforming mesh
‚ Significantly decreases the implementation difficulty, especially when dealing with 3D problems.
Crack impinging on an interface.
Diffused representation of a discontinuous interface and a crack set Γ.
Fracture is represented by a phase-field order variable (v “ 0: fracture,
v “ 1: intact)
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Diffusive fracture representation in phase field models is attractive for simulation of failure at interfaces that physically occupy
negligible space compared to the bulk material. This work proposes a diffused approach to approximate such interfaces. The
effective fracture toughness over the diffused interfaces is derived
from a diffused length, and the bulk and the interface fracture
toughness while ensuring the energetic equivalence between the
sharp and the diffused interfaces.

Phase-field profile for crack impinging on an interface with different interfacial angle, β. (a) and (b) show the crack deflecting
into the interface, while (c) shows that the crack penetrating
into the bulk. The black line indicates the interface.

Phase Field Hydro–Mechanical Model
We verified the model with planestrain hydraulic fracture propagation in a toughness dominated
regime based on Sneddon’s solution. We consider an infinite 2D
domain with a line ra0, a0s ˆ t0u.
a The critical volume for crack
propagation is given as Vc :“ 4πGca30{E 1.
"
if Vinj ă Vc : no propagation
Ñ
Ý verifying the crack opening,
if Vinj ě Vc : stable propagation Ñ
Ý verifying the crack length & pressure evolution.
Hydraulic fracture verification

The cases n “ 1 and n “ 2 correspond to a model known
as AT1 and AT2 respectively; and cn is a normalisation parameter (AT1: cn “ 3{2; AT2: cn “ 1{2). The optimal
phase field profiles for AT1 and AT2 are shown in the Figure.
It can be seen that as ` approaches 0, the minimizers of
F` converge to that of F in the sense that the phase field
function v takes value 1 away from the crack Γ and transitions to 0 in a region of thickness of order ` along each
crack faces of Γ.

Phase Field Benchmarks
We simulated two different fluid percolation experiments performed on rock salt samples with a true
tri–axial loading system. The experiments were performed under
two different stress configurations.
Fluid driven percolation

Phase field Model for Brittle Fracture

We verified the uni-axial tensile and compressive strengths of different splitting models using analytical solutions. Consider a unit volume element under an axial loading of
t n3 b n3 in a uni-axial state of stress σ “ σ33 n3 b n3. The
force–displacement curves for different models are compared.
Uni-axial loading

Natural
fractures play an important role in the distribution of mass and
energy transport and stress in any tight formation reservoir. Enhanced Geothermal Systems (EGS) make no exception, and stimulation aims to increase the permeability of the reservoir to improve fluid circulation and heat transport. EGS development relies on the complex task of predicting accurate hydraulic fracture
propagation pathways, taking into account reservoir heterogeneity and natural or pre–existing fractures. In this work, we use a
phase field variational method that handles hydraulic fracture initiation, propagation, and interaction with natural fractures. The
hydraulic fracture models using variational phase field with the
sub-DFN of the marble reservoir is shown in the Figure.
Hydraulic fracture interaction with natural fractures

We simulated a three point bending test
performed on Rockville granite. Developed crack (phase-field)
and the crack mouth opening displacement (CMOD) vs. the
force are compared. The model is able to simulate up to the
brittle elastic failure, but as cracked surfaces are currently treated
as frictionless, the behavior after the failure deviates from the
experiment results.
Three point loading

We verified
the phase field model using the surfing
example. Consider a computational
domain, Ω “ r0, Ls ˆ r´H{2, H{2s
with an edge crack, Γ “ r0, as ˆ
t0u, which is subjected to a time dependent crack opening displacement
(asymptotic solution for the ModeI crack opening displacement). We
computed the energy release rate using
Gθ method which must be very close
to the effective numerical toughness,
h
Geff
c “ Gc p1 ` 4cn ` q.
Surfing boundary problem

Crack Opening Computation in Phase Field Models
Integration progresses in both directions
(positive and negative crack normals along the dashed black line)
starting with the reference element (highlighted in blue). Integration either ends when it’s out of the crack transition zone (grey)
or enters another crack regularization region. The participating
elements are highlighted in cyan.
Line integral method
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Despite significant theoretical advances in phase field modeling,
little attention has been paid to the quantification of crack opening displacement to date, as most applications do not explicitly
require crack opening displacement for morphological crack evolution. One exception, however, would be hydraulic fracturing,
where cracks are driven by fluid pressure, which is strongly dependent on crack opening displacement. In this work, two approaches were discussed: a line integral and a level set process,
which are mainly used for crack opening calculations.
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