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Numerical modelling strategy

Short-term (hours to days) Long-term (months to years)
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« Stress redistribution « Suction
* Rock mass deformation « Swelling
« Damage evolution  Creep
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PF/PF-A experiment

Located in Mont Terri Rock Laboratory

1 experiment borehole

6 monitoring boreholes

Structurally-controlled overbreaks

Martin and Loew (2021)

Motorway tunnel

borehole array through
main fault

main fault outCrop
INn HE microtunnel

Meatigi 4201)ew (2021)




Overbreak pattern (shortly after drilling)

Zhao, Lei, Ziegler, Loew (2024) IIRMMS



Model setup (geomechanical model)

Fracture network reconstruction Numerical model construction
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Simulation results

Displacement field
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Simulation results
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. x=3.0m x=45m x=8.0m x=9.0m
T_,y Bl Simulated overbreaks —— Borehole boundary (visible)  --- Borehole boundary (invisible)
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Z
| y New cracks (shear) — New cracks (tensile) - Boundary of damaged zone —— Secondary fractures
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Simulation results

Base case: with fractures and fault zone; Case A: with fractures but without fault zone

Case B: with fault zone but without fractures; Case C: without fault zone and fractures

Base case

Zhao, Leli, Ziegler, Loew (2024) IJRMMS



Simulation results

Base case: with fractures and fault zone; Case A: with fractures but without fault zone

Case B: with fault zone but without fractures; Case C: without fault zone and fractures
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Simulation results

Acute intersection angle (10 deg) between fault zone and borehole

Stronger overbreaks, more new cracks and squeezing ground behaviour are observed

Niche MI
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Simulation results

Acute intersection angle (10 deg) between fault zone and borehole

Stronger overbreaks, more new cracks and squeezing ground behaviour are observed

x=3.0m Xx=4.5m x=8.0m Xx=9.0m

- Overbreaks —— New cracks (shear) —— New cracks (tensile) - Boundary of damaged zone —— Secondary fractures

Zhao, Leli, Ziegler, Loew (2024) IJRMMS
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Long-term overbreak evolution in the PF-A experiment

Borehole relative humidity and temperature evolution Evolution of overbreaks along the experiment borehole
Start of ventilation phase
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Model setup (hydromechanical model)

Simulated using COMSOL
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Preliminary simulation results

Unsaturated zone evolution

End of ventilation

Start of ventilation
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Preliminary simulation results

Damaged zone evolution
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Next step plan (hydromechanical modelling)

» Generating new DFN with conditioned simulation.
» Adjusting parameters based on the current updates from the lab team.
« Benchmarking of key model components.

« Validation against experimental observation data (e.g. strain measurements, overbreak
pattern and evolution).

« Use the model to understand the interplay and relative importance of different processes
(suction, swelling, poroelasticity, creep, etc.) in driving time-dependent overbreak and
damage evolution.
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Concluding remarks
« A 3D framework has been developed to simulate progressive failure around the PF/PF-A borehole
in faulted Opalinus Clay

 The geomechanical model captures short-term damage and overbreak formation, highlighting the
effects of fault zone and fracture networks

« The hydromechanical model incorporates realistic hydraulic boundary conditions and coupled
processes including unsaturated flow, swelling, suction, and damage

« Future work will extend the framework to drift-scale modelling
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Overbreak pattern along the experiment borehole

25m 5.0 7.5 10.0 12.5
Depth along the borehole

- - - Boundaries of the major fault zone - - - Traces of secondary discrete fractures
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Constitutive models

» Crack growth driven by tensile or shear failure

» Bilinear Mohr-Coulomb criterion

Tensile failure A k :
o : A ks | I block
> 1 | . = contact
1 u, ' Shear failure
S mt : >
0O u u .
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Borehole relative humidity and temperature
evolution
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Evolution of induced cracks and
breakouts

| (crown)
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Damage features: Tectonic features: 2  scaly-clay (fault zone boundary)

~ fault plane ~ fault gouge

B breakout
[ incipient breakout

~~~ induced crack

12m along hole

* New cracks and breakouts
developed during the ventilation
period and grew extensively
during the resaturation period.

a = before the ventilation start

b = halfway through the ventilation period
¢ = end of ventilation period

d = after resaturation ramp

e = end of resaturation period
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Governing equations

Mechanical equilibrium Richard’s equation (matrix)
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Unsaturated zone
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Evolution of damage
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« Aperture evolution mostly driven by the suction effect.

« Damage integration along borehole is almost constant along the borehole during the ventilation and
resaturation period.



