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Micro-force Balance Approach 
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Degradation Function 
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Phase-field Approach to Hydraulic Fracture 
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Fluid mass, momentum, energy, and entropy 
are convected into and out of deforming 

control volumes attached to the solid 
skeleton. 

   !
w

0

   !
w,p

  !
bf

Solve fluid momentum 
And fluid mass balance 

  !
t

    !
F,φ

   !
u

0  !
b

Solve 
aggregate 
momentum 

 µ

Discrete 
crack surface 
is treated as 

a diffuse 
region of 
damage 

Solve micro-
force balance 

Phase-field 



     

φ≡ porosity
ρs,ρ f ≡ solid and fluid densities
µ≡ phase-field parameter
J ≡ determinant of the deformation gradient F
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!m ≡ fluid volume injected per unit reference volume 

Mass Balance 
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Momentum and Micro-force Balances 
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A Biot-type Formulation with Phase-field 
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 Constitutive equations developed using the First and Second Laws of Thermodynamics



Reduced Fluid Momentum (Brinkman Equation) 

     

Constitutive relations satisfying the 
dissipation inequality for the fluid
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Numerical Results and 
Validation 



Flow Through an Opening Channel 
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Viscosity Scaling 
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Viscosity Scaling 
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Consolidation with Fluid Loading 

 L
 X

   p = p
0

    σxx
=−p

0

   φ0
,α,E,ν

 L
 X

   p = p
0

   φ0
,α,E,ν

   µ = 0 µ

   ux
= 0    wx

= 0

   ux
= 0    wx

= 0

The top surface is 
represented by the 

phase-field. This solution 
shows that poroelastic 
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Plane Strain Crack 

     

Dimensionless Toughness (Detournay): K =
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K→ 0⇒ Viscosity Dominated
K→∞⇒ Toughness Dominated

KGD crack geometry 
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Parallel Cracks 



Merging Cracks 



Summary 

§  Cracks are represented by a diffuse phase-field and 
have been shown to be capable of representing 
interesting geometrical evolution. 

§  Thermodynamically consistent models have been 
developed using a balance law approach to model 
crack propagation fluid saturated poroelastic media 

§  The approach has been shown to compare favorably 
to several simple benchmark solutions. 
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