
Coupling Between Pressure and Opening During Fluid Injection into a Fracture

A. What do we study?

How does fracture deformation influence fluid pressure 
propagation during fluid injection ?

Field evidence for injection 
induced opening

- Constant overpressure
- Fracture with initial 

aperture
- Constant hydraulic 

normal stiffness

B1. Semi-analytical solution [1]

Elastic, homogeneous, impermeable block

Fluid pressure (cubic law for flow)

Linear stress-aperture relationship

B2. Numerical simulation with 3DEC Itasca [3]

• Fracture deformation induces sharp opening front and 
normal stress pulse

• Numerical results match semi-analytical solutions
• Effective hydraulic normal stiffness of the fracture is not 

constant during the injection

C2. Comparison of results

C1. 3DEC results for aperture

D. Discussions

Two simulations

Soft Rigid

• Rigid fracture show smooth diffusion, while soft fracture with lower wi/w0 ratios develop sharp, 
pressure-driven fronts. 

• When nondimensionalized, aperture profiles at different times collapse onto a single curve, 
indicating consistent scaling behavior with t1/2 propagation—even in the presence of strong 
aperture gradients. 

• 3DEC results closely match similarity solutions, validating the governing equation, fluid 
incompressibility, and negligible normal stress variation assumptions. 

• 3DEC simulations 
show that soft 
fractures develop 
sharp propagation 
fronts due to high 
aperture gradients, 
while rigid fractures 
exhibit smooth, 
diffusion-like behavior. 

TAKE HOME MESSAGES

Borehole packer [2] Fault normal displacement [2]
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Sharp frontNo front

• Normal stress varies significantly in soft fractures, with compressive peaks at the inlet and tensile peaks at the 
propagation front. 

• Rigid fractures show negligible stress change. 
• Stress variation has no impact on aperture propagation in this setup. 

Stress pulse

• Hydraulic normal stiffness is dP/dw
• Rigid fractures show no variation in hydraulic normal stiffness
• In soft fractures, hydraulic normal stiffness varies in time and space, especially near the pressure front. 


