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W. Dȩbski
Inst. Geophys. PAS

28.10.2022



History ...

✦ 2019, S. Pradhan, J.T. Kjelstadli, A. Hansen
Variation of elastic energy shows reliable signal of upcoming
catastrophic failure
Frontiers in Phys., doi:10.3389/fphy.2019.00106

✦ 2021, W. Debski, S. Pradhan, A. Hansen

Criterion for Imminent Failure During Loading - Discrete Element
Method Analysis

Frontiers in Phys., doi:10.3389/fphy.2021.675309
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Fiber Bundle Model
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Discrete Element Method (DEM)
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DEM simulations
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Results (1)
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Results (2)
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Experimental confirmation
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Experimental confirmation
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Question:

What are limits of FBM/DEM ?
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what should we look for ?
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Discrete Element Method

✦ PP interactions

★ central forces
★ no internal PP-friction
★ bonds braking condition

✦ geometry of the sample

✦ internal structure of the sample
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Fiber Bundle Model

✦ deals with deformation dynamics (x) only
- massless theory

★ no kinetic energy (variation)
★ no time evolution (no time scale)

✦ no space scale (only in ELS models)

✦ no thermodynamics (???)
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What should we look for ?

no time scale

⇓
loading independence

⇓
DEM: search for dependences on loading velocity

DEM: pay attention on kinetic energy variation

Perform simulation with different velocity
of moving plate !
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Analysis of velocity dependences

✦ xmin - extension when first PP bonds break

✦ xmax - extension when sample splits off

✦ Ep(x) - total elastic energy

✦ ∆Nb(x) - dynamics of bonds breaking
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Begining of fracturing
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Collaps of sample
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Elastic energy
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Elastic energy
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Broken bonds
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Partial conclusions

✦ apparently visible dependences on V

✦ high-, and low - velocity breaking modes

✦ FBM - appropriate for high velocity mode
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Fragmentation dynamics

IG PAS, Warsaw, 28.10.2022 20 IGF PAS



Fragmentation dynamics
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Fragmentation dynamics
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Fragmentation dynamics
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Fragmentation dynamics
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Two breaking modes
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Why ....
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What about “precursor” at low V ?
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Final conclusions

✦ high-, and low - velocity breaking modes

✦ FBM - appropriate for high velocity (???)

✦ more advanced DEM simulation model needed

“local reality” problem
⇓

Nobel Prize in circa 2120 ???
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