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1. Introduction: Why does it matter? 2. Methodologies: A multi-scale approach

3. Key Findings: From microfracturing to energy release during rockburst

The stability of underground excavations is attracting growing
attention, as an expanding urban population pushes
infrastructure below surface and the clean energy transition
drives mineral extraction ever deeper.

4. Application: ALPHA Rig - From research to real-world impact

A concern in deep underground
A sudden release of stored strain energy
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How many released energy needs to be absorbed?

Ground Support Demand
Kinetic energy ∙ Ejection 
velocity ∙ Loading rate ∙ 

Seismic wave

ALPHA RIG
Full-scale dynamic testing 

facility

Ground Support Capacity
Energy absorption ∙ Plastic 

displacement ∙ Average 
impact force ∙  Rise time etc.

Hydraulic system 

Impact mass

Test specimen

Four Testing Modes
Static ∙ Direct impact ∙ Momentum 
transfer ∙ Controlled disturbance

Full-scale Test Sample
Test reinforcement elements up 
to 8 m in length

Future Capability
Extend testing to surface 
elements
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Numerically
simulated
rockburst.

When does failure become 
a rockburst?
• Static and dynamic 

loading conditions.
• Rock mass response.
• Energy quantification.

How does rock store and 
release energy?
• Controlled loading.
• Post-peak behaviour.
• Fracture evolution.
• Energy quantification.

Understanding rock failure Ground support demand

From microscopic 
assessment to 
numerical model.

Where does failure begin?
• Microscopic statistical 

characteristics.
• Microfracture evolution.
• Energy quantification.

5. Web app: Efficiency and Consistency

Test Registration
Organise testing results 
with key parameters at 
a glance.

Consistent Analysis
Standardised calculation 
based on the ISRM 
suggested method.

Automated Export
Automatically export 
data and figures for 
report preparation.

Microfracture tends to occur along brittle
mineral clusters or towards brittle minerals.
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Microfractures occur within minerals dissipate
more energy than those between minerals.
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Only 1.5% of the total released strain energy
was sourced from the remote seismic event.


