1. Rock Mechanics and mining
engineering



1.1 General concepts

* Rock mechanics is

the theoretical and applied science of the
mechanical behavior of rock and rock
masses; it is that branch of mechanics
concerned with the response of rock and
rock masses to the force fields of their
physical environment.

By US National Committee on Rock Mechanics (1964 & 1974)



« Geomechanics is

the application of engineering and
geological principles to the behavior of the
ground and ground water and the use of
these principles in civil, mining, offshore
and environmental engineering Iin the
widest sense.

By the Australian Geomechanics Society



» Geotechnical engineering is

the application of the sciences of soill
mechanics and rock mechanics,
engineering geology and other related
disciplines to civil engineering construction,
the extractive Industries and the
preservation and enhancement of the
environment.

By Anon (1999)



Application of rock mechanics
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 Application of rock mechanics to (underground)
mine engineering : premises

1) a rock mass can be ascribed a set of
mechanical properties which can be measured

In standard test or estimated using well-
established techniques.

2) the process of underground mining generates a
rock structure consisting of voids, support
elements and abutment; mechanical
performance of the structure is amenable to
analysis using the principles of classical
mechanics.



3) the capacity to predict and control the
mechanical performance of the host rock mass
In  which mining proceeds can assure or
enhance the safe and economic performance of
the mine.



* Mechanical process during underground mining

(a) ground surface {(P) ground surface

pre-mining supporn forces mining-induced displacements

- Before excavatlon: |n-s|tu/|n|t|al state stress

- Excavation: perturbation/concentration of stress
In pillars

- Deformation: strain energy = stress x strain

- Displacement/fracture/slip/collapse

(sudden release of potential energy)



« Ultimate objective in the design of a mine structure in a
geomechanical point of view is to control rock
displacements into and around mine excavations.

To achieve such objective we should know about

Strength and deformation properties of orebody and
adjacent rock

Geological structure of rock mass: geometrical and
mechanical properties

Groundwater pressure distribution

Analytical techniques to evaluate the response of rock
mass

..... recently available (from about 40 years ago)



* Factors contributed to the recent emergence of rock
mechanics as a mining science are

- Increased dimension of mines: increased possibility of
failure

- Requirement for improved profitability
- Unfavorable mining environments: increasing depth

- Resource conservation and industrial safety: maximizing
the recovery from mines

» Difference between rock mechanics and soil mechanics
- Failure process of materials: fracture (crack) generation
- Stress condition: relatively high/low

- Mechanical properties: strength, deformation modulus,
permeability, etc.
.... Should be regarded as complementary rather than mutually inclusive



1.2 Inherent complexities in rock mechanics

1) Rock fracture
- Fractures occur in a tensile stress field.
- Stress fields are pervasively compressive.
- Friction intervenes in failure process.
- Strength of rock is highly sensitive to confining
pressure.
2) Scale effect

- Response of rock mass to imposed load is affected by the scale
(size) of the loaded volume:

Drilling — intact rock;

Tunnel in a jointed rock mass — joint surface;
Large mine pillar — rock + joint
(pseudo-continuum)




3) Tensile strength

- Lower tensile strength than all other engineering
materials except concrete.

- Joints or fractures have very little or no tensile strength.

- Tensile stress zone identified by analysis means a de-
stressed zone where detachment of rock units from host
mass takes place.

4) Effect of groundwater

- Normal effective stress is reduced by water in joints and
pore, and therefore strength of the mass decreases.

- Argillaceous rock shows marked reduction in material
strength following infusion with water.



5) Weathering

- Chemical or physical alteration of rock at its surface by its
reaction with atmospheric gas or aqueous solutions.

- Physical processes such as thermal cycling and insolation

are important in surface mining while underground
weathering processes are chiefly chemical: dissolution, ion
exchange, oxidation, and hydration.

- Dissolution of limestone, softening of marl (0| 2/,ex) due
to sulfate removal, oxidation of pyrrhotite (XIH&H& 2 i m= i

%), etc.




1.3 Underground mining

1) Types of openings
- Operating (mine access) opening / service opening/ ore
source: main shaft, level drive, cross cut, ore haulage,
ventilation shaft, airway, drill heading, access raise,
extraction heading, ore pass, etc. Refer to Fig.1.3 &
Mine terminology.

- Duty life of the openings: equal to or longer than mining
life.



1.3 Underground mining
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1.3 Underground mining
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2) Mining methods

- Unsupported (naturally supported) mining:
room-and-pillar, stope-and-pillar, shrinkage stoping,
sublevel stoping

- Supported mining (artificially supported):
cut-and-fill stoping, stull stoping, square-set stoping

- Caving (longwall and caving) methods:

longwall mining, sublevel caving, block caving

3) Choosing of mining methods

- Consider ore size, shape, geometric disposition, distribution of
values, and geotechnical environments.

- The geotechnical environments include: mechanical properties of
ore and rock, geological structures, state of stress, geohydrological
conditions.



4) Rock mechanics objectives for the performance of mine
structure

- to ensure the overall stability of the mine structures
iIncluding the main ore sources, mined voids, ore
remnants and adjacent rock.

- to protect the major service openings throughout their
duty life.

- to provide secure access to safe working places

- to preserve the mineable condition of unmined ore
reserves.



5) Difference with civil excavations

- Use of any opening is entirely in the control of mine
operators.

- Duty life is significantly less than those of civil
excavations.

- Mine structures continue to develop throughout the life
of mine.



1.4 Functional interactions in mine engineering

 Activities in planning and design of mining
- Refer to Fig. 1.5

 Interaction between technical groups
- Refer to Fig. 1.6

- Key point is the mutual dependence of each functional
group on information provided by the others: close
working relationship between geology, planning, rock
mechanics and production group is required.



Figure 1.5 Definition
of activities and func-
tions in underground
mine engineering (after
Folinsbee and Clarke,
1981).

one or several mining options are used to
generate estimates of ore, waste,
development, etc. for scheduling and
costing

rock mechanics and integrated studies
may eliminate some options before
scheduling and costing

by stope, pillar or
bench, and by time
period
revenue by time
period
identification of key
dates
production start-up
equipment deliveries
performance
calculations

costs for expense
items

daily cost expand-
ed to month and
year

Conceptual studies Engineering Tabulation of Production Cost calculations Cost schedule
studies physical quantities schedule by period
mine access technical studies tons of ore ore production equipment capital cost
schedule maintenance cost
stope-and-pillar general length of drifting operating cost
layout arrangement waste production manpower
drawings cross cut schedule number, class, pre-production
stope or block pay rates, daily
mining sequence optimisation length of drilling development costs production
' studies schedule
extraction system tons of waste consumable
equipment installation supplies cost,
ore handling and selection installed material schedule power and fuel
transportation
; : equipment list mstall_ed
mine services materials cost
mine development freight, insurance,
taxes, contracts
mine site layout
ventilation system
Work schedules
Engineering design tons of ore and grade Cost estimates Cost schedule

overall summary
of project for
financial evaluation




1.4 Functional interactions in mine engineering

Production

Figure 1.6 Interaction between
technical groups involved in mine
engineering.



1) Management

- Should define explicity management policy and
objectives for the mining such as

- orebody extraction ratio and its change in response to
product prices, company investment strategy, constraints
on mining technique, restrictions on geohydrological
disturbance, restriction on operating practices, etc.

2) Geology

- Structural (geological) and geohydrological data should
be logged and processed.

- Comprehensive geological description should be given:
distribution of lithologies, distribution of values
throughout the orebody, etc.



3) Planning

- Mine planning and design engineers’ role is initiative as well
as integrative.

- Gives information useful to delineate the scope of
geomechanical analysis.

- Defines the general mining strategy: whether to extract pillars,
extent of mine structures, use of backfills, constraints on
future mining by current situation, etc.

4) Rock mechanics
- Relevant role in design: mine layout and sequencing,
extraction design, support and reinforcement design, siting of
service and ventilation shaft, etc.

- Majority of rock mechanics activity: dimensioning, layout, and

sequencing (of extraction) of stopes and pillars, blasting
design, monitoring of excavations and providing remedial
actions to manage unforeseen events, etc.



1.5 Implementation of a rock mechanics program

 Rock mechanics program
- Refer to Fig. 1.7

- Multi-pass loop: repeated site characterization is required
and mine design is a evolutionary process.

1) Site characterization

- Define mechanical properties and state of medium:
strength and deformation (modulus), geometric and
mechanical properties of joints and faults, in situ stress,
hydrogeology etc.

- First-pass site characterization is deficient due to limited
physical access.



1.5 Implementation of a rock mechanics program

Site characterisation
definition of hydromechanical properties of the host rock
mass for mining

Mine model formulation
conceptualisation of site characterisation data

Design analysis
selection and application of mathematical and computational
schemes for study of various mining layouts and strategies

&
Rock performance monitoring

measurement of the operational response to mining of
the host rock mass

Retrospective analysis

) ) | quantification of in-situ rock mass properties, and identi-
Figure 1.7 Components and logic of fication of dominant modes of response of mine structure
a rock mechanics programme.




2) Mine model formulation

- To account for principal geomechanical features of a
mine such as deformational behavior based on
simplified and rationalized data of site characterization.

- Use of representative/average/regular properties of
rocks/joints/faults/stress.

- Significant discrepancies may be introduced by failure to
recognize particular features of the mine site.



3) Design analysis

- Mechanical performance of selected mining configuration
can be predicted by mathematical or numerical
techniques.

- It shows the core of rock mechanics practice.

4) Rock performance monitoring

- The objective is to characterize the operational response
of rock mass to mining activity.

- Measurements are for displacement, stress, slip on faults,
etc at key locations.

- Visual inspection should be undertaken regularly for
structurally controlled failures and area of anomalous
response, and should be mapped routinely.



9) Retrospective analysis

- Quantitative analysis of data obtained by monitoring is
useful to improve knowledge of the in situ mechanical
properties of rock mass and to review the adequacy of
the postulated mine model.

- Analysis of local failure is practically valuable for this
purpose.

- This enables us to establish the rules specifying stope
shape, stope blasting practice, and drawpoint layouts.



