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Methodology

Investigate initial fracture (hardening) of permeable 
thick-walled hollow sphere subjected to inner fluid 
pressure.

Study the importance of Biot coefficient for hydraulic 
fracture processes.

Aim

Background
Hydraulic fracture processes in permeable 
geomaterials (concrete, rock, stiff soils) with 
stationary fluid flow.  



Assumptions and notations





Fluid driven loading







Elastic response



Equilibrium condition
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Constitutive laws

Stress definition

Kinematics

Timoshenko and Goodier (1970), Coussy (2010)
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Dimensionless ODE

with dimensionless radial displacement
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dr̄2
+ 2

dū
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Solve analytically and numerically  for boundary 
conditions:
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Radial displacement versus radius

⌫ = 0.2 and r̄o = 7.25
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Nonlinear fracture response



Nonlinear fracture mechanics

Possible fracture 
pattern
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Size effect



Size effect

Investigate effect of inner radius      on strength for 
constant  

ri
r̄o = ro/ri
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Dimensionless input affected by 
change of    : ri

wf = constwith 







Conclusions

• Model for fluid driven fracture in a thick-
walled sphere based on nonlinear fracture 
mechanics

• Strong effect of Biot-coefficient on strength

• Strong effect of size on strength, which 
decreases with increasing Biot-coefficient 
and decreasing thickness of the sphere.


