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Enhanced Geothermal Systems (EGS): Numerical prediction of the mode and location of fracture initiation
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Double-flaw geometrical designation (Gr-L-g-a)
3" = 76.2mm

SPECIMEN

6" =
152.4mm ><

Combined Griffith-Coulomb failure criterion

“Tn

Coulomb Failure Envelope :
o, X tan (@) ;

T, = C—

Shear Failure

Tensile — Shear

Pre — existing flaws;

B:Flaw Inclination Angle ;

L:Ligament Length ;

(A): Shear failure ;
(B): Tensile — Shear
failure ;

.Fallure (C): Tensile failure ;
©
Tensile Failure On
COMPRESSIVE 0 or TENSILE
STRESSES STRESSES
C : Cohesion; Sign Convention : Barre Granite (Gr)
tan (@) : Coefficient of friction ; + 0, : Tensile Stresses ; or =7.5MPa;
® : Angle of friction; — 0, : Compressive Stresses ; C =15MPa;

r ¢ Tensile strength of the rock;

Loading configuration

VL
Py

L= Lqg+b; —
L =0.5"(12.7mm); —
b = 0.0276" (0.7mm); SPECIMEN —
Radius = E; :
Radius ~ 0.0138" (0.35mm); e
Lo ~ 0.4724" (12mm); e
l—
VL = Vertical Load; —
LL = Lateral Load; —
—
3" e—
l—
l—
Y —
A

tan (@) = 0.6MPa;

Comparison: NUMERICAL VS. EXPERIMENTAL results
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Iterative numerical procedure: Prediction of fracture initiation

Increase/decrease
iteratively the loading
component until 1st
Mohr’s Circle touches
the failure envelope

Start with a certain
magnitude of VL,
LL, BOTHFP,
BFP/LFP (or a
combination

2nd step

Circle

Determine the
corresponding FE node
to this critical Mohr’s

If Mohr’s Circle If o, = o and one
Ifo, =op touches linear Coulomb point is touching the
- First predicted local envelope linear Coulomb

tensile failure -> Local tensile/shear

failure

-> First predicted local
shear failure

das g

Input final value of
loading component in
MATLAB PDE and
generate a1 and Tpax
stress distributions

4th step
Validate iterative
procedure results
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touching
the envelope
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Final step of the iterative procedure (TTBF & BTTF)
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Maximum principal and shear stress distributions
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