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Introduction to Rock Mechanics in Mining

Key concepts, principles, and practical applications for safe and efficient underground and surface
operations.

1. What Is Rock Mechanics?

Aspect Description

The scientific study of the behavior of rock masses and individual rock units

Definition _ )
under the influence of natural and induced stresses.
_ o Predict and control deformation, stability, and failure of rock during
Goal in Mining ) _ o o
exploration, extraction, and post?mining activities.
Disciplines Geology, geotechnical engineering, structural mechanics, material science,
Integrated and mining engineering.

2. Fundamental Concepts

Concept Meaning Typical Mining Relevance

Force per unit area acting within the rock ( Determines the likelihood of
Stress ?). Includes in?situ stress (pre?existing) rockburst, pillar failure, and
and induced stress (from mining). ground movement.

Used to calculate
Strain Deformation per unit length (?). displacement of tunnels,
slopes, and backfilled stopes.

. Ratio of stress to strain in the elastic Helps estimate rock stiffness
Elastic Modulus (E)

range. and support requirements.

. . Lateral strain / axial strain under uniaxial Influences deformation
Poisson’s Ratio (?) . .
loading. patterns around openings.

Maximum stress a rock can sustain before Governs design of pillars,
Strength

failure (compressive, tensile, shear). stumps, and haulage ramps.
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Concept Meaning Typical Mining Relevance

Empirical classification systems using Provide a quick estimate of

Rock Mass Rating _ _ o )
lithology, discontinuities, groundwater, and rock mass quality for support

(RMR) / Q?system ,
stress. design.
Control block stability, water
Discontinuities Joints, faults, bedding planes, fractures. inflow, and excavation
behavior.
_ Direction?dependent properties caused by Affects orientation of openings
Anisotropy

layering or foliation. and blasting patterns.

3. Stress Regimes in the Subsurface

Regime Description Mining Implications

Equal stress in all directions, usually at . _
_ Less likely to cause shear failure but
Hydrostatic great depth where pore pressure ) )
may promote hydraulic fracturing.

dominates.

Tectonic Dominated by horizontal stresses (?_h) > Increases risk of shear failure and
vertical stress (?_v). rockburst in deep mines.
? v =7??g?z (vertical stress increases Governs pillar design and roof support

Gravitational i _ _
linearly with depth). in shallow mines.

ind d Stresses generated by excavation, blasting, Must be evaluated for each stage of
nduce
backfilling, or mining-induced seismicity. mine development.

4. Rock Mass Behavior Around Excavations

1. Stress Redistribution — Removal of rock causes concentration of stresses around the
opening (stress arching).
2. Plastic Zone Development — When stresses exceed rock strength, a plastic (yield) zone
forms, leading to deformation or failure.
3. Failure Modes
o Bedding?plane slip — Common in layered sedimentary rocks.
o Joint block fall — Controlled by joint spacing and orientation.
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o Shear failure — Along weak planes or due to high horizontal stresses.
o Tensile cracking — Often at the crown of a stope or near the roof of a tunnel.

*Visual aid
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