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FOREWORD 
This Code of Practice (this Code) on ground control for open pit mines is an approved code of 
practice under section 274 of the Work Health and Safety Act (the WHS Act). 
 
An approved code of practice is a practical guide to achieving the standards of health, safety 
and welfare required under the WHS Act and the Work Health and Safety Regulations (the 
WHS Regulations). 
 
A code of practice applies to anyone who has a duty of care in the circumstances described in 
the code. In most cases, following an approved code of practice would achieve compliance with 
the health and safety duties in the WHS Act, in relation to the subject matter of the code. Like 
regulations, codes of practice deal with particular issues and do not cover all hazards or risks 
which may arise. The health and safety duties require duty holders to consider all risks 
associated with work, not only those for which regulations and codes of practice exist.  
 
Codes of practice are admissible in court proceedings under the WHS Act and Regulations. 
Courts may regard a code of practice as evidence of what is known about a hazard, risk or 
control and may rely on the code in determining what is reasonably practicable in the 
circumstances to which the code relates. 
 
Compliance with the WHS Act and Regulations may be achieved by following another method, 
such as a technical or an industry standard, if it provides an equivalent or higher standard of 
work health and safety than the code.  
 
An inspector may refer to an approved code of practice when issuing an improvement or 
prohibition notice.   
 
This Code has been developed by Safe Work Australia in conjunction with the National Mine 
Safety Framework Steering Group as a model code of practice under the Council of Australian 
Governments’ Inter-Governmental Agreement for Regulatory and Operational Reform in 
Occupational Health and Safety for adoption by the Commonwealth, state and territory 
governments. 
 
A draft of this Code was released for public consultation on [to be completed] and was 
endorsed by the Select Council on Workplace Relations on [to be completed].  
 
SCOPE AND APPLICATION 
This Code has been prepared to ensure that the mine operator at an open pit mine has 
undertaken adequate consideration of all ground control aspects relevant to the design, 
construction, operation and abandonment of the mine they are responsible for. It also 
provides guidance to develop, implement and maintain a documented Principal Hazard 
Management Plan (PHMP) for ground stability.   
 
This Code seeks to encourage the application of current ground control knowledge to the 
design, construction, operation and abandonment of open pit mining operations.  When 
situations arise with geotechnical issues that are intractable with the current level of 
knowledge and/or technology, it may be necessary to undertake research and development 
work.   
 
This Code covers the identification of hazards and control of risks associated with stability 
of open pit mine slopes, and concerns the safety of both employees, visitors and any 
persons that may inadvertently entering the open pit mine. The Code has been issued to 
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assist relevant mining personnel with the development of procedures relating to the 
application of sound ground control practice in open pit mines.   
 
Due to the widespread and varying nature of potential ground control hazards and varying 
control measures that could be used in different open pit mines, this Code has been 
prepared as what could be considered to be a performance based standard that states 
the result to be achieved rather than a detailed prescriptive methodology for achieving the 
result.    
  
It is emphasised that, although this Code is not totally inclusive of all factors concerning the 
application of sound ground control practice in an open pit mine and that it may not be 
totally suited to the specific requirements of every mine; any variation from this code will 
need to be suitably justified / verified. 
 
Who should use this Code? 
You should use this Code if you are a person conducting a business or undertaking and 
have management or control of an open pit mine (for example, a mine operator). The Code 
will be particularly useful if you design, construct and maintain slopes in an open pit mine. 
You should also use this Code if you design, manufacture or supply plant or a product that 
can influence the safe performance of an open pit mine slope. The Code will help you to 
identify potential hazards and determine an appropriate strategy for design, construction 
and maintain open pit slopes to an acceptable safety standard, so that safety risks 
associated with open pit mine slopes can be eliminated or minimised. 
 
This Code can also be used by health and safety representatives and workers who need to 
understand the hazards and risks associated with design, construction and operation of 
open pit mine slopes.   
 
How to use this Code 
In providing guidance, the word ‘should’ is used in this Code to indicate a recommended 
course of action, while ‘may’ is used to indicate an optional course of action.  
 
This Code also includes various references to provisions of the WHS Act and Regulations 
to provide context with legal requirements. These references are not exhaustive.  
 
The words ‘must’, ‘requires’ or ‘mandatory’ indicate that these legal requirements exist, 
which must be complied with. 
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1 INTRODUCTION 

1.1 What is ground control?  
Ground control is the methodology applied to maintain all the risks associated with various 
forms of ground instability in open pit mine slopes within an acceptable level. Ground refers to 
all natural geological materials in an open pit mine, which may range from weak clay or sand to 
hard rock.     
 
Ground instability relevant to this code includes, but not limited to, events, that may cause or 
have the potential to cause harm to personnel working in an open pit mine, such as: 

• slumping, sliding, toppling or falling of material involving a part or the whole of a pit 
slope, 

• ravelling or falling of pieces of rock or rock like material from a pit slope, and  
• any combination of the above failure modes.   

 
1.2 Why is it necessary to pay attention to ground control? 
Ground instability hazards can result in serious harm or death of mine workers or other persons 
that may enter a mining area. For example, the outcome of the hazard of a loose piece of rock 
falling from a pit wall and striking someone can be fatal by either direct physical contact, or 
damaging the plant or vehicle in which the person is working or travelling. A collapse or failure 
of part or whole of a pit slope could cause injury or death due to the immediate contact with the 
collapsing material or due to the effects of physical entrapment within failure debris. 
 
In an open pit mine, uncontrolled instability or movement of material in the pit slopes can have 
many ramifications including: 

• loss of life or injury to persons working or visiting the mine (Safety factors) 
• loss of worker income, loss of worker confidence, loss of corporate credibility, increased 

legal liability (Social factors) 
• disruption of operations, loss of ore, loss of equipment, increased stripping, cost of 

cleanup, loss of markets (Economic factors), and 
• collapse of nearby infrastructure/facilities into the open pit, for example, mine waste 

dumps, tailings storage facilities etc, and interference with natural drainage 
(Environmental factors). 

 
As can be seen from the above list, in addition to the improved safety, sound ground control 
practices in open pit mines lead to social, economic and environmental benefits as well.  
Nevertheless, this Code primarily deals with the safety factors. Controlling the potential for 
hazardous ground movements or instability in an open pit mine slope to within acceptable limits 
is essential to eliminate or minimise the safety risks.   
 
1.3 Duties 
Persons who conduct a business or undertaking have a duty of care under the WHS Act to 
ensure, so far as is reasonably practicable, that workers and other persons are not put at risk 
from work carried out as part of the business or undertaking. 
 
A person conducting a business or undertaking who has management or control of an open pit 
mine must not allow a worker to enter the mine unless the person has complied with the 
requirements under the WHS Regulations for open pit mines, and unless it can be 
demonstrated that the risk of pit wall instability hazards is negligible. This duty involves 
identifying all hazards, assessing the risks and putting in place specific risk control measures. 
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If this is not reasonably practicable, the need to enter areas of higher risk must be minimised as 
far as is reasonably practicable. Any risk associated with entry into and exit from a mine must 
be eliminated or minimised so far as is reasonably practicable. 
 
Workers have a duty to take reasonable care for their own health and safety and that they do 
not adversely affect the health and safety of other persons. Workers must comply with any 
reasonable instruction and cooperate with any reasonable policy or procedure relating to health 
and safety at the workplace. If personal protective equipment is provided by the mine operator, 
the worker must use it in accordance with the information, instruction and training provided on 
its use.   
 
Emergency service workers under the direction of an emergency service organisation are not 
necessarily required to comply with the WHS Regulations for slope stability in open pit mines 
during the course of rescuing a person from a mine, or providing first aid to a person in a mine.  
However, the mine operator of that mining operation must provide clear instruction and 
necessary training within the scope of any activities that need to be undertaken. 
 
After all hazards, risks and control measures have been identified, it is the responsibility of the 
mine operator to develop a formal Ground Control Management Plan (GCMP) which clearly 
specifies the actions to be taken to ensure safe working conditions with respect to the design, 
construction and operation of the open pit mine, from the commencement to the closure of the 
operation. The GCMP is to be used as a “working document” that is updated / modified as and 
when necessary as the mine expands and the level and types of risks to the safety of workers 
(and adjacent landholders) change. 
 
Managing risks 
To effectively control the risks at a mine, requires the mine operator to follow a risk 
management process. This Code provides practical guidance on how a GCMP can assist in 
managing and controlling the risks associated with ground control in open pit mines.  
 
Further guidance on risk is available in the Code of Practice: How to Manage Work Health and 
Safety Risks. 
 
Consultation 
Throughout the development and implementation of a GCMP, the mine operator must consult 
with their workers and other persons at the mine including other persons conducting a business 
or undertaking at the workplace. 
 
Further guidance on consultation is available in the Code of Practice: Work Health and Safety 
Consultation, Co-operation and Co-ordination. 
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2 GROUND CONTROL IN OPEN PIT MINES 
2.1  Terminology of open pit mine slopes 
Open pit slopes are generally designed as a series of batters separated by berms, which are 
provided at predefined vertical height intervals of the slope (Figure 1). The principal functions of 
berms are to catch and retain any material falling from the batter faces and crest and to improve 
overall slope stability. Access to a pit is usually via a ramp that may spiral around the pit or be 
located on one side of the pit with switchbacks at each end. A succession of batters between 
two access ramp sections (or between a ramp section and the pit floor or pit crest) is defined as 
the inter-ramp slope. The inter-ramp slope angle is always flatter than the batter angle in that 
slope.  The full height of a pit slope, from the toe to the crest, comprising several batters 
separated by berms (and access ramp sections if the ramp is on that slope) is the overall slope. 
Figure 1 illustrates the terminology used.   
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Pit slope terminology 
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2.2 Ground control 
Ground control – to be effective in an open pit mine – requires the diligent application of 
geotechnical engineering practices to pit slope design, construction, maintenance and 
abandonment.  Geotechnical engineering deals with the whole spectrum of natural geological 
materials ranging from low strength soils to high strength rocks, thus it can be divided into two 
sub-disciplines: (a) soil engineering, which deals with the engineering behaviour of soils, and 
(b) rock engineering, which deals with the engineering behaviour of rock.   
 
An open pit mine may be excavated within relatively uniform material types (for example,   
clayey paleochannel deposits) or combination of materials.  In many open pits, the wall profile 
may take the form of a completely weathered rock (with essentially soil like engineering 
properties near the surface), grading through highly to slightly weathered rock (with both soil 
and rock engineering properties) to hard fresh rock materials at depth.   
 
Subsequently, pit wall design is a significantly challenging task, and the mine operator must 
ensure that, through the diligent application of sound geotechnical engineering practice, safe 
open pit mine slopes are maintained in any geological environment.  Examples of factors to be 
considered with respect to maintaining effective ground control / safe working conditions 
include: 

• strength of materials within the slope 
• geological structure 
• surface water (including extreme rainfall events) and groundwater 
• slope geometry excavation quality control 
• rock damage from mass blasts, poor blasting or excavation practices 
• scaling and cleanup of excavated pit slopes and berms 
• surcharge loading from mine infrastructure (i.e.  waste dumps, tailings storage facilities 

and haul roads etc) 
• the presence of nearby underground mine voids 
• vibration due to blasting and seismic events 
• in situ or mining induced stresses, and 
• time dependent deterioration of rock/soil materials. 

 
This list illustrates that effective ground control (EGC) is achieved by the successful 
management of four basic disciplines in an open pit mine: geology, planning, geotechnical and 
production (Figure 2). In general, the four disciplines may operate independent of each other. 
However, as illustrated by Figure 2, the mine operator needs to be aware each can have an 
effect on the other, and therefore must develop an integrated approach to maintain EGC at all 
stages of mining.   
 
It is also essential that all personnel involved with each discipline are adequately trained in their 
role and that they interact to the level required to ensure EGC is maintained at all stages of 
mining.   
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Figure 2 Idealised interaction between geology, planning, geotechnical and production 
groups in pit slope creation (modified after Hustrulid et al, 2000) to maintain EGC. 

 
Further discussion with respect to each of these disciplines and their effect on EGC is provided 
in the following sections. 
2.3 Mine Planning  
The importance of a systematic approach to managing mine planning issues with respect to 
attaining EGC cannot be over-emphasised. Open pit mines represent a complex engineering 
system with many sub-systems that need to function in an integrated manner for the mine to 
operate safely and economically.  
  
Financial constraints, for instance, prohibit the mine from being designed for “permanent” 
stability, such as in civil engineering projects. Legal constraints can require significant 
alterations to mine designs; some of these may impact significantly on the economic viability of 
the mine. 
 
The mine planning and design (MPD) process has several phases - usually involving a 
conceptual study, a preliminary or pre-feasibility study, a feasibility study, and culminating at 
detailed design for commencement and closure of the project.   
 
The words “mine planning” and “mine design” are sometimes used interchangeably; however, 
they are more correctly seen as separate but complementary aspects of the engineering 
method.  Mine planning deals with the selection and coordinated operation of sub-systems such 
as mine production capacity, workforce numbers, equipment selection, budgeting, scheduling 
and rehabilitation. Mine design deals with sub-systems such as excavation geometry, 
production and development blasting, power, water control (for example, pumping and 
depressurisation), gas and dust control, and ground support and reinforcement.   
 
A formal MPD process is to be established early in the life of a mine; using the “mine 
commencement design” as the basis. Such a system might involve regular formal meetings, as 
often as required, dealing of a range of planning and design issues in the current operational 
areas and the new areas of the mine.   
 
It is acknowledged that feasibility and commencement mine designs will be modified with time, 
as additional data becomes available during operation; however, it is essential that the 
commencement design be adequately attuned to the anticipated local ground conditions* 
before mining commences. In this way, the potential for hazardous ground movements to occur 
unexpectedly when mining commences is minimised significantly. 

 
Planning 

 
 

Production 

 
   Geotechnical 

Geology 



 
 

 
 
DRAFT GROUND CONTROL IN OPEN PIT MINES    PAGE 10 OF 34 
JULY 2011 

 
As the mine matures, the MPD process is expected to be closely attuned to site ground 
conditions and any mine site or corporate restraints.   
 
The “MPD process meetings” should be interdisciplinary requiring the involvement, as 
necessary, of a range of expertise including: survey, geology, mining engineering, drilling and 
blasting, geotechnical engineering, rehabilitation, workforce supervision and management 
(principal and contractor).   
 
It has been found that notes from earlier mine planning meetings can form a valuable summary 
as to why certain mining decisions have been made and thereby assist with decision making in 
the present and future. This is considered to be a great asset for mines with a high turnover of 
staff. 
It is also necessary, as part of the MPD process, to adopt a formal mining approval process for 
the development and/or mining of currently producing or undeveloped mining blocks. This 
formal mining approval process should include the production of plans, cross-sections and 
longitudinal projections of the mining block(s), as appropriate, plus a written description of the 
proposed mining work to be done and the mining issues that need to be addressed. A draft 
mining plan and the associated notes for the ore block(s) in question should be issued, in a 
timely manner, for discussion at subsequent MPD process meetings. Following discussion and 
resolution of the issues, final approved mining plan(s) and notes can be issued.   
 
The formal mine plan approval process is to include the signatures of the people responsible for 
each relevant component of the plan - for example,  survey, geology, drilling and blasting, 
loading and haulage, geotechnical, planning and design aspects plus the Quarry Manager and 
the Registered Manager - as appropriate. 
 
Similar to the other inputs required for the MPD process, the form and extent of geotechnical 
inputs changes during the life of the mine (LOM). The use of geotechnical information and the 
accuracy required at each stage can vary considerably depending on the characteristics of a 
given deposit and the perceived risks.   
 
In general, geotechnical inputs to the MPD process start with high level of assumptions when 
projects are at early-stage analysis. Furthermore, during the early stages of mine design there 
is usually limited detail available of the overall ground conditions of the pit slopes, and it is 
necessary to make a number of simplifying assumptions to arrive at a geotechnical slope 
design.  During the latter stages, more complex and detailed inputs are required for pit wall and 
operations planning and design. It follows that, in latter stages, when mining is at its deepest 
and most restricted at the pit floor, the mine operator must have a suitably high level of 
understanding of the geotechnical parameters relevant to maintain safe operating conditions in 
the pit. 
 
2.4 Geotechnical Design of Pit Slopes   
The geotechnical design process for open pit slopes, regardless of the size of the pit or 
materials mined, shall adopt the following strategic approach: 

• Site investigation. 
• Formulation of a geotechnical model for the pit area. 
• Division of the model into geotechnical domains and design sectors. 
• Slope design and stability assessment for the geotechnical domains/design sectors. 
• Design implementation and definition of monitoring requirements. 
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Detailed discussions on these steps and other aspects of open pit slope design can be found in 
Hoek and Bray (1981), Hustrulid et al (2000), Wyllie and Mah (2004), and Read and Stacey 
(2009). Further discussion is provided below. 
 
Site investigation 
Site investigation is the process by which geotechnical and all other relevant information which 
might affect the design, construction and performance of the open pit mine slopes is acquired.  
The information collected during a site investigation program include data on the mining history, 
topography, geomorphology, climate, drainage, physical geology, geologic structure, tectonic 
evolution, lithology, rock mass properties and hydrogeology etc relevant to the project and the 
perceived risk. Collection of this information for the geotechnical design of pit slopes should 
begin from day one in the development of a project. Several tools and techniques are available 
to the mine operator for data collection for geotechnical design of open pit slopes. These 
include geophysical methods, outcrop mapping, core drilling and logging, field and laboratory 
testing for intact rock material and rock mass properties, geotechnical mapping of any existing 
pit slopes and underground excavations and mapping of current pit slopes once mining has 
commenced. 
 
At early stages of a project, surface geophysical methods such as seismic refraction, resistivity 
and electromagnetic surveys can be used to develop a 3D image of zones proposed for mining.  
These techniques permit the preliminary demarcation of major lithological units and major 
structural features such as fracture zones. The information gathered from such techniques is 
then used in the planning of drilling programs for obtaining detailed information required for the 
design process. 
 
Prior to the commencement of mining, much needed subsurface information for pit slope 
design, within acceptable levels of confidence, can be obtained by core drilling and logging. By 
advance planning and scoping, the core drilling programs primarily aimed at mineral exploration 
and resources evaluation purposes can be used to extract geotechnical information.  
Notwithstanding the above, core drilling programs primarily executed for geotechnical data 
collection will also be required to gain an adequate understanding of the subsurface conditions 
before a geotechnical design can be produced for the commencement of mining. Obviously, the 
number of geotechnical holes required for a particular project will depend on the level and 
reliability of already available geological and geotechnical information of the site, the complexity 
of site geology and the size and operating life of the project. Core samples recovered from 
boreholes can be logged by traditional methods of direct observation or using digital 
photography. Suitable software is now available for the analysis of data recorded by the latter 
mentioned method. Boreholes can also be logged using downhole cameras and downhole 
geophysical techniques. 
 
Data collection from exposed rock surfaces, particularly the data on orientation, spacing, length 
and surface waviness of geological structures, can also be carried out using 3D digital 
photogrammetric techniques. With these techniques the data can be gathered remotely and 
accurately from areas where access is difficult or unsafe. Such techniques permit accurate low-
cost mapping of pit slopes at a rapid rate. The data collected by these techniques can be 
downloaded into mine planning software and used in real time for mine planning, design and 
operating purposes.   
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The geotechnical data collection by means of outcrop mapping, drill core logging and pit slope 
mapping etc should be carried out by experienced professionals such as geologists, 
engineering geologists and geotechnical engineers, or properly trained geotechnicians under 
the supervision of either engineering geologists or geotechnical engineers.   
 
Detailed guidance on data collection for geotechnical design of open pit mine slopes can be 
found in Hoek and Bray (1981), Hustrulid et al (2000), Wyllie and Mah (2004), and Read et al 
(2009). 
 
Formulation of a geotechnical model 
The availability of a comprehensive geotechnical model is the fundamental basis for all slope 
designs and is comprised four component models: 

• the geological model, 
• the structural model, 
• the rock mass model, 
• the hydrogeological model. 

 
Several computer-based modelling tools are available for the development of 3D geotechnical 
models. These tools permit visualisation and construction of comprehensive models that can 
include geological and structural information, ore grade distributions, groundwater distributions, 
and a variety of geotechnical details. Constructing these models is a useful exercise because it 
facilitates visualisation of the interrelationships between the various types of information 
displayed by the model, and recognition of the deficiencies in the database. Additional 
information that may be included in the geotechnical model includes climate, surface drainage 
and regional seismicity. During model construction process deficiencies and anomalies in the 
data become obvious and these provide useful guidance for further site investigation programs.  
As new information becomes available the model should be updated and the design should be 
modified or fine-tuned as required. 
 
The geotechnical model comprising the four components must be in place before the 
subsequent steps of setting up the geotechnical domains, allocating design sectors and 
preparing the final slope designs can commence.   
 
The geological model 
The purpose of the geological model is to permit a three dimensional visualisation of the 
material types that will be present in the pit slopes. Different material types often have different 
strength characteristics, which require due attention and consideration in the process of pit 
slope design.  The model should describe the regional and mine site geology and provide clear 
and unambiguous information on location and extent of different material types, i.e. lithology, 
the degree and type of alteration or weathering, which can significantly change material 
properties.  The model may be constructed in two or more layers depending on the site 
conditions. For instance rock units and their boundaries may be presented in one layer and the 
degree of weathering or alteration of rock units may be presented in the next. If the entire rock 
mass is overlain by a thick deposit of soils a third layer may be included in the model. The 
geological model is the starting point of geotechnical model and is essential to the slope design 
process of any open pit mine. 
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The development of an accurate, well-understood geological model is a task that should be 
undertaken by engineering geologists or geotechnical engineers with substantial contribution 
and inputs from exploration and mine geologists of the project. It requires an understanding of 
geological events that led to the formation of the ore body, regional and local structure, 
lithology, topography, morphology, regional stress field, as well as geotechnical requirements 
for pit slope design. The model should represent a broader view of the geology of the deposit, 
including the surrounding waste rock, focussing on the engineering aspects. This differs 
somewhat from that required by mine geologists, whose focus is primarily on mineralisation. 
Further information on the geological model construction can be found in Read and Keeney 
(2009).   
 
The structural model 
The purpose of the structural model is to describe the orientation and spatial distribution of the 
structural defects (discontinuities) that are likely to influence the stability of pit slopes. The 
defects include faults, folds, foliation and bedding planes, joints, cleavage etc, and can be 
divided into two groups:  

(a) large structural features such as folds and faults that are widely spaced and 
continuous along strike and dip across the entire mine site (major structures), and 

(b) closely spaced joints, cleavage and faults etc that typically do not extend for more 
than two or three mining benches or batters (minor structures).   

 
The presence of major structural features such as through-going faults that are relatively widely 
spaced can be detrimental to the stability of inter-ramp and overall slopes. While their effect on 
the stability of pit slopes must be fully assessed and the design must take that into 
consideration, they can also be used to subdivide the mine into a select number of structural 
domains, within which more closely spaced fault and joint fabric could control stability, 
particularly at batter and inter-ramp scales. Each of these domains will have distinct boundaries 
defined either by major structures as already mentioned or by lithological boundaries. They will 
be characterised internally by a recognisable structural fabric that clearly differentiates it from its 
neighbour. 
 
The structural model should be developed using computer based 3D modelling tools. Ideally, in 
the structural model the major and minor structures should be recorded in at least two separate 
overlays. This allows efficient assessment their combined effect as well as separate effect on 
the stability of the pit slopes.     
 
The task of developing the structural model is one for an experienced structural geologist.  
Exploration and mine geologists are an essential part of the modelling team, but the team 
leader should be a structural geologist who has the specific skills and the experience in 
structural geology. Information on collecting and using geologic structure data for slope design 
can be found in Nicholas and Sims (2000). Useful guidelines on model components, modelling 
tools and domain definitions are provided by Read (2009). 
 
Rock mass model 
This model represents the engineering properties of the rock mass, which comprises various 
material types and structural defects, in which the open pit slope will be excavated.  The rock 



 
 

 
 
DRAFT GROUND CONTROL IN OPEN PIT MINES    PAGE 14 OF 34 
JULY 2011 

mass properties include the properties of the intact pieces of rock, the structures that cut 
through the rock and the rock mass itself. These properties govern the performance of the 
slope and therefore the design approach.   
 
In a slope constructed in stronger rocks failure could occur along geological structures which 
are considered as pre-existing planes of weakness in an otherwise solid rock.  In relatively 
weak materials (i.e. weathered or soft rock) failure can propagate through the intact material, 
and/or along geologic structures. In some situations, in strong rocks as well as in weak 
materials, failure could propagate partly along geological structures and partly through intact 
rock material.  It follows, therefore, that failure of an open pit slope could be governed by the 
strength of intact material or the strength of geological structures or both. It is therefore 
important to determine the engineering properties of (1) intact rock/soil, (2) structural features 
and (3) the rock mass in the various geological units present in a pit slope. 
 
The information that must be included in the rock mass model may vary depending on the size 
and depth of the open pit mine, the complexity of the geological, structural, geotechnical and 
hydrogeological conditions of the site. In general the information that should be included in the 
model is: 
 

• Intact rock material properties: unit weight, porosity, compressive strength, tensile 
strength, friction angle, cohesion, and elastic constants. 

• Properties of structural defects: defect surface roughness, waviness, infilling materials, 
aperture size, wall strength, spacing and persistence as well as shear strength (friction 
angle and cohesion), and normal and shear stiffness, if numerical modelling of slope 
stability is envisaged. 

• Rock mass properties: shear strength and deformation modulus.   
 
The slope or mine scale shear strength and stiffness of structural defects are functions of defect 
wall strength, surface roughness, waviness, infilling materials and the aperture size. These 
properties must be taken into consideration to obtain reliable shear strength and stiffness 
values for geological defects in a pit slope. 
 
Techniques for the determination of intact rock material properties are well known and testing 
methodology can be found in most rock mechanics text books as well as in ISRM Suggested 
Methods (ISRM, 2007) and relevant ASTM guidelines.   
 
Shear strength of structural defects can be determined in a laboratory or in situ using direct 
shear test apparatus. Relatively inexpensive laboratory testing can be conducted on defect 
samples collected from core drilling or saw cut discontinuities. In situ tests, on the other hand, 
are expensive and are difficult to conduct due to the problems associated with the preparation 
of test sample and application and maintenance of required loads during the test. Both 
laboratory and field tests have the problem of scale effects as the surface area tested is usually 
very much smaller than the one that could affect the stability of a pit slope. Nevertheless, the 
laboratory tests are useful to determine the basic friction angle (φb) of saw cut defects which is 
approximately equal to the residual friction angle of natural defects. More reliable values of 
defect shear strength parameters can be obtained from back-analysis of structurally controlled 
failure in existing pit slopes. However, this requires very careful interpretation of the failure 
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mechanism, conditions that trigger the failure, and judgement to assess most probable values 
for the shear strength parameters.   
 
For the analysis of failure through the rock mass it is necessary to determine the friction angle 
and cohesion of the rock mass itself. However, testing of representative rock mass samples is 
difficult because of sample disturbance and equipment size limitations. Thus the preferred 
method has been to derive empirical values of friction and cohesion based on rock mass rating 
systems that have been calibrated from experience. These ratings systems have been mainly 
developed for civil engineering tunnelling and underground mining applications. Some of them 
were subsequently extended for the use in rock slope engineering, and those that are 
commonly used include Tunnelling Quality Index (Q) (Barton et al., 1974), Rock Mass Rating 
(RMR) (Bieniawski, 1973, 1976, 1979, 1989); Mining Rock Mass Rating (MRMR) (Laubscher, 
1977, 1990; Jakubec & Laubscher, 2000; Laubscher & Jakubec, 2001); and Geological 
Strength Index (GSI) (Hoek et al.  1995, 2002). Detailed discussions on the determination of 
engineering properties of intact rock, geological structures and rock mass can be found in Hoek 
and Bray (1981), Goodman (1989), Hoek and Karzulovic (2000), Hoek et al. (2002), Wyllie and 
Mah (2004), and Karzulovic and Read (2009). 
 
Hydrogeological model 
The presence of groundwater in a pit slope may have significant negative effects on its stability.  
In the case of open pit mines excavated within weak materials such as clay or completely 
weathered rock, pore pressures play a significant role on the stability of pit slopes. High pore 
pressures reduce the effective stresses with a concomitant reduction in the shear strength of 
both soil/rock material and rock mass. This could lead to instability in the pit slope. High water 
pressures also reduce the shear strength of structural defects in an unweathered strong rock, 
leading to structurally controlled instability. Groundwater, depending on chemistry, can 
contribute to corrosion of ground support and reinforcement, if used as a method of slope 
stabilisation.  This would significantly reduce their effectiveness. 
 
Groundwater can also create saturated conditions and lead to water ponding within the pit 
which in turn may lead to unsafe working conditions. Other problems that could result from 
saturated conditions or standing water in the pit include loss of access to all or part of the pit, 
difficulties in the use of explosives for rock blasting, and reduced efficiency in the mining 
equipment used in the pit. It is therefore important to develop a good groundwater model at 
early stages of any open pit mining project, so that effective control measures can be designed 
and implemented to minimise the adverse effects of the groundwater regime. This again is a 
task that should be undertaken by an expert with qualifications and experience in hydrogeology 
and its effect on open pit mining. 
 
In open pit mines excavated below the groundwater table, dewatering or depressurisation may 
be necessary for the above mentioned reasons. This however depends on several factors, 
including: 

• Hydrogeological characteristics of the rock mass. 
• The depth of the excavation below the water table. 
• The effect of groundwater on the materials and structures present in the pit slope. 
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The hydrogeological environment of an open pit should be well understood to ensure that 
adequate provision is made for the removal of groundwater from the pit. By means of a suitable 
program of investigation the hydrogeological characteristics of the rock mass within which the 
open pit mine is to be developed should be established before the commencement of mining.  
Preliminary data required for the development of hydrogeological model can be obtained from 
boreholes drilled for resources evaluation and geotechnical site investigation. Nevertheless, 
purpose designed drilling and testing programs will be required for the hydrogeological 
characterisation of the rock mass. 
 
The obvious benefits of dewatering and depressurisation are improved performance of pit 
slopes, increased efficiency of blasting operations and mining equipment. The effects of 
groundwater on pit slope stability is well documented by Hoek and Bray (1981), West (1996), 
Kroeger (2000), Cho and West (2000), Atkinson (2000), Wyllie and Mah (2004) and Beale 
(2009). A comprehensive discussion on the development of a groundwater model is given by 
Beale (2009).   
 
Building the geotechnical model 
The data compiled in the four components discussed above is to be used to construct the 
geotechnical model of the open pit mine. This is a step by step process of bringing successive 
layers of individual or combinations of individual data sets into a 3D solid model using computer 
based modelling tools. This, however, is an evolving process through various stages of a 
project.  Where deficiencies exist, additional data must be gathered and the model updated. 
 
The geological model, depicting the rock type boundaries within the mine, is the starting point 
and represents the first layer of the geotechnical model. The layers of other information such as 
rock mass weathering, structural data, rock mass properties as well as hydrogeological data 
can now be added step by step. As mentioned previously, the availability of a comprehensive 
geotechnical model is the fundamental basis for all slope designs. 
 
Geotechnical domains and design sectors 
Before the slope design and stability analysis can commence the pit is to be divided into 
geotechnical domains, each with its own geotechnical characteristics which are different from 
those of its neighbours. These characteristics will govern the stability depending on the 
orientation of pit slopes. The number of geotechnical domains relevant to pit wall design can 
vary significantly. For instance, the geotechnical domains may entirely be based on the 
structural model if other model parameters do not have a significant impact on ground control.   

Conversely, large pits, excavated in a complex geotechnical environment may have several 
domains. Identification of geotechnical domains within the geotechnical model requires 
experience and judgement, and is a task that should be undertaken by geotechnical experts.   
The geotechnical design of pit slopes is to be based an evaluation of the possible modes of 
failure including those controlled by geological structures. Where structure is expected to be the 
controlling factor as in the case of stronger rocks, the slope orientation may exert an influence 
on the design criteria. For instance, the structures in a particular geotechnical domain when 
combined with a particular slope orientation may have a greater potential for structurally 
controlled instability. For a different slope orientation in the same geotechnical domain, the 
potential for structurally controlled instability may not be the same. Therefore a further 
subdivision of a domain into design sectors may be required, based on the slope orientation 
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and kinematically possible failure modes. The design sectors can also be defined based on 
operational considerations.  For instance, a slope with a haul ramp requires different stability 
criteria than a slope without a ramp in the same geotechnical domain. The subdivision of 
domains into design sectors can reflect control at all levels, from batter scale, where minor 
structures (or fabric) provide the main control for batter angles, up to the overall slope scale, 
where a particular major structure may influence a range of slope orientations within a domain.   
 
Geotechnical slope design and stability analysis 
In open pit mining, there is a general tendency to increase the slope angle with the intention of 
decreasing the waste rock stripping which in turn may generate higher return on investment.  
However, increasing the slope angle decreases the stability of the slope, which could lead to 
safety implications and higher operating costs due to slope failures. Thus for any open pit mine 
to be successful the slopes must be constructed to an optimum angle (at batter, inter-ramp and 
overall scales) without compromising both safety and economics. The geotechnical slope 
design is the process of determining the optimum slope angles and dimensions for open pit 
mines. This process involves identification and analysis of all potential failure modes that could 
affect batter, inter-ramp and overall scale slopes, and begins with the division of the 
geotechnical model into geotechnical domains with similar geological, structural and rock mass 
characteristics. These characteristics should be used as the basis of assessment of possible 
failure modes in each domain or in each design sector, if the domains have been subdivided 
into design sectors.   
 
In any open pit mine slope constructed in soils and weaker rocks the strength of slope materials 
can be the factor controlling the potential failure modes. For example, in cohesive soils, and in 
some weak or soft rocks, failure may occur as rotational shearing though slope material.  
However, there could be exceptions in weak or soft rocks in which relict joints or other incipient 
structures may be the primary control. 
 
In stronger rocks, structure is likely to control stability. The typical structurally controlled modes 
of instability include plane sliding, wedge sliding and toppling, and are common in stronger 
rocks, especially at batter scale. Large scale structurally controlled failures are also possible in 
inter-ramp and overall slopes, if adversely oriented through-going structures are present.  In 
general, structurally controlled sliding occurs when adversely oriented structural defects 
undercut or daylight in the slope. However, this is not always the case. In some rock masses 
with medium to low strength, rock wedges and slabs that do not daylight could become 
unstable due to crushing and/or shearing through the rock mass/material at the toe. Moreover, 
depending on the number of defect sets present and their orientation the structurally controlled 
failure modes could have several variations to those mentioned above. The variations include 
step-path, step-wedge, active-passive blocks etc (see Call, 1992; and Sjorberg, 2000). In each 
case instability may be further aggravated when high water pressures are present in the pit 
slope. These must all be recognised by diligent analysis of the defect orientation data in each 
geotechnical domain.   
 
When the orientation of defects is such that the formation of rock slabs, wedges or any other 
modes mentioned above is not possible, instability could still occur due to the movement on 
defects and failure through the intact rock material. Such failures, known as rock mass failures, 
may be assumed to occur by rotational shearing, similar to the failures in soil slopes. The 



 
 

 
 
DRAFT GROUND CONTROL IN OPEN PIT MINES    PAGE 18 OF 34 
JULY 2011 

possibility of rock mass failure particularly in overall and inter-ramp scale must also be fully 
assessed as part of the design process. 
 
Design acceptance 
A slope is considered to be stable when the forces resisting the potentially shearing, sliding or 
toppling mass of material on the slope are greater than the forces driving the mass. The 
resisting forces are provided by the strength of the rock material and/or geological structures, 
dependent on the mode of potential failure. Whereas the driving forces are primarily dependent 
on the unit weight of the rock, groundwater pressures in the rock mass, and any other forces 
exerted by in situ stress field or external loads such as loaded trucks on ramps, mine 
infrastructure near pit crest and seismicity etc.   
The ratio of the resisting forces to the driving forces is termed the Factor of Safety (FOS) and 
has been the basis of stability acceptance criterion for many engineering applications. When 
the FOS = 1 the slope is considered to be in a state of “limiting equilibrium” and if the FOS > 1 
the slope is considered to be theoretically stable. There are no strict criteria that specify the 
acceptable FOS, but for static loading conditions the values of 1.2 to 2.0 are commonly used 
depending on the type of slope and its importance. The FOS however is based on single values 
selected to represent the rock mass parameters used in the stability calculations. The reliability 
of the computed FOS depends on the selection of the single values from populations with 
significant distributions. In other words FOS is a random variable dependent on the distribution 
of the measured or estimated values of rock mass properties; for which the mine operator must 
take into consideration when developing slope design criteria. 
 
An alternative approach to stability analysis is to use Probability of Failure (POF), whereby the 
probability of whether or not a slope will be stable is calculated from the distribution of input 
values. There are two options: 

1. Recognising the FOS as a random variable and seeking the probability of it being equal 
to or less than 1.  POF = P[FOS ≤ 1] 

2. Seeking the probability that the driving force (D) exceeds the resisting force (R).  
POF = P[R – D ≤ 0] 

 
In both options POF is computed using populations of rock mass parameters with significant 
statistical distributions. 
 
As with FOS, there are no strict criteria that specify the acceptable POF. The literature shows 
that different guidelines are proposed by different authors. The acceptable values of FOS and 
POF proposed by Priest and Brown (1983) are presented in Table 1. Detailed discussions on 
the acceptance criteria can be found in Wesseloo and Read (2009), and further information 
may be obtained from Kirsten (1983), McMahon (1985), Hoek (1991), Pine (1992), Simmons 
(1995) and Sullivan (1994, 2006). 
 
In open pit mines it is not uncommon to expect some degree of slope instability during mining.  
The acceptability of any failure depends on its consequences. For the purpose of complying 
with the WHS Act and regulations the unacceptable consequences are fatalities or injuries to 
personnel or nearby land / transient persons. From the point of view of the owners of the mine 
there are other unacceptable consequences including damage to equipment and infrastructure, 
economic impacts on production and costs of industrial and legal actions. If the failure of a 
particular slope is deemed to have no impact on the safety and production, then there is likely 
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to be a minimal concern. For each open pit mine, it is therefore important to define the design 
acceptance criteria on a case by case basis based on the tolerable level of safety risk 
associated with slope failure in each geotechnical domain or slope design sector. 
 

Table 1  FOS and POF guidelines (after Priest and Brown, 1983) 
 
Consequence of 
failure 

 
 
Examples 

Acceptable values 
Mean FOS Minimum 

P[FOS<1.0] 
Maximum 

P[FOS<1.5} 
Not serious Individual benches; small (<50 m), 

temporary slopes, not adjacent to haulage 
roads 

1.3 10% 20% 

Moderately 
serious 

Any slope of a permanent or semi-
permanent nature 1.6 1% 10% 

Very serious Medium sized (50-100 m) and high slopes 
(<150 m) carrying major haulage roads or 
underlying permanent mine installation 

2.0 0.3% 5% 

Stability analysis 
In geotechnical design of pit slopes the type of stability analysis is largely governed by the 
anticipated failure modes, the scale of the slope, the available data and the perceived risk 
relevant to the particular stage of the slope / mining project. Numerous slope stability packages 
exist; the mine operator is required to determine and verify the most applicable package suited 
to the conditions at their mines. The main types of slope stability analysis that should be 
considered include: 

• Kinematic analysis of structurally controlled failures: this is the analysis of removability 
of rock blocks from the slope without referring to the forces that cause them to move, 
and is based on stereographic projections (Hoek and Bray, 1981; Goodman, 1989; 
Priest, 1985, 1993; and Wyllie and Mah, 2004) and Block Theory (Goodman and Shi, 
1985; and Goodman, 1989). This analysis is mainly applied for batter designs, but may 
also be used for large scale slope design, if anticipated failure is controlled by 
structures. 

• Limit equilibrium analysis: this two dimensional method of analysis is widely used for the 
computation of FOS against rotational shear failure in soil slopes. The analysis can be 
applied to assess the FOS of structurally controlled “kinematically unstable” rock block 
and wedges in batter and inter-ramp scale.  It can also be used to assess the FOS 
against failure through rock material or rock mass in batter, inter-ramp and overall 
slopes.  The major limitations of the limit equilibrium analysis are that it assumes the 
unstable mass can be represented by solid blocks and it cannot represent deformation 
and/or displacement of the failing rock mass. 

• Numerical analysis: this is based on numerical modelling tools such as finite element 
and distinct element methods. It can overcome some of the limitations in the limit 
equilibrium analysis in that it can model complex rock masses and the deformation and 
displacement of the failing mass. This analysis is useful for the assessment of inter-
ramp and overall slopes in large open pit mines. 

 
At early stages of a project, when the data are limited and the geotechnical model has not been 
fully developed, empirical approaches based on rock mass classification methods such as RMR 
(Bieniawski, 1973, 1976, 1979, 1989), MRMR (Laubscher, 1977, 1990; Jakubec & Laubscher, 
2000; Laubscher & Jakubec, 2001) can be used for preliminary slopes design (for example, 
Haines and Terbrugge, 1991; Orr, 1992). These methods have limitations in that they do not 
specifically deal with any of the structurally controlled failure modes mentioned earlier. These 
methods are largely based on qualitative studies of rock mass failures.  They are considered 
only useful for preliminary assessment of failure through the rock mass. 
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Furthermore, when developing stability analysis criteria, the mine operator must take into 
account the fact that engineering design procedures are based on various simplifying 
assumptions that may restrict the application of a particular design procedure in certain 
circumstances. There needs to be a clear understanding of the origins and the limitations of the 
various design procedures when applying them in geotechnical engineering. 
 
Batter and berm design 
As mentioned previously, open pit slopes are generally designed as a series of batters 
separated by berms, which are provided at predefined vertical height intervals of the slope. The 
principal function of the berms is to provide a safe environment for personnel and equipment 
that must work near the slope face.   
 
In most open pit mines, batter heights are typically range from 10 to 20 m. In large open pit 
mines batter heights up to 30 m are not uncommon providing that the rock mass is strong and 
massive.  From a safety point of view the final decision on the maximum batter height should be 
based on: 

a) the reliability of the batter slope, i.e. stability under the potential failure modes, and 
b) the availability of equipment for adequate scaling to remove loose pieces of rock that 

may fall creating potential safety hazards for personnel working near the slope. 
 
For reliability of the batter design all possible failure modes should be identified and their 
stability is assessed by kinematic and limit equilibrium analyses as appropriate. 
 
The berms must be wide enough to arrest potentially hazardous rockfalls and contain any 
spillage from the batters above. They should also allow long-term access to instrumentation for 
slope movement monitoring and groundwater monitoring. The decision on the berm width 
should also take into account the likelihood of achieving the design width. This depends on the 
geological structure as well as the level of blasting and excavation control. 
 
Inter-ramp slope design 
A combination of batters between two access ramp sections in the pit is usually considered as 
the inter-ramp slope. There are no criteria governing the height of the inter-ramp slopes, except 
for its reliability in terms of stability against the potential failure modes. 
 
The methods of analysis required for inter-ramp slope design are the same as those used for 
the batter design except for the fact that the scale is different.  Inter-ramp slopes may fail by 
plane and wedge sliding and toppling in stronger rocks and rotational shearing in soils and 
weak rocks.  For these failure modes kinematic and limit equilibrium methods of analysis can be 
used with due consideration of the large scale structures which might undercut the inter-ramp 
slope.   
 
Additionally, there is the possibility of more complex failure modes involving failure through the 
rock mass, which require analysis by numerical methods. When designing inter-ramp slopes 
the batter stability immediately below and above the pit access ramp must also be considered.  
Batter instability immediately below could undermine the ramp whereas instability immediately 
above could spill onto the ramp resulting in safety hazards and restricted access. Guidelines on 
inter-ramp slope design are provided by Ryan and Pryor (2000) and Lorig et al (2009) 
 
Overall slope design 
The full height of a pit slope, from toe to crest, comprising several batters separated by berms 
and access ramp sections is the overall slope. Although the term “overall slope” is well defined 
and understood, it represents vastly different slope heights depending on the maximum depth 
of the open pit mine. Put simply, the overall slopes of 100 m and 1000 m deep pits will be 100 
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m and 1000 m, respectively. Thus the methods of stability analysis that must be considered 
may vary depending on the height of the slope. 
 
The stability assessment of overall slopes should include both structurally controlled failure and 
rock mass failure modes. In the case of the former usually the adversely oriented large scale 
through-going structures are considered. An exception to this would be the complex failure 
modes such as step-path failure involving the entire slope. In large open pit slopes, simple 
sliding of rock slabs or wedges leading to overall slope failure may not be possible. In such 
situations instability could occur due to failure through the rock mass. Such failure may occur by 
rotational shearing or along a “general failure surface” (in which part of the failure is structurally 
controlled and part is through the rock) can be analysed by limit equilibrium methods of 
analysis. However, in large slopes, due to the complexities in the rock mass and the failure 
mechanisms the slope behaviour can be better understood by analyses carried out using 
numerical methods. Several numerical tools are available for pit slope stability analysis. They 
are usually based on continuum and discontinuum models, and hybrid models are also 
available. 
 
As mentioned earlier, at an early stage of a project when the available geotechnical data are 
limited, empirical methods may be used to assess the stability against rock mass failure.  
However, these methods have limitations and should not be used as the sole method of rock 
mass failure assessment of open pit slopes. 
 
Design of ground support and reinforcement 
It is well known that the currently available ground support (for example, mesh, shotcrete, 
fibrecrete, rock fall protection nets etc) and reinforcement (cable bolts, dowels, shear pins etc) 
systems are not capable of preventing inter-ramp and overall scale instability in large open pit 
mines. Nevertheless, they may still be used for stabilisation of batter scale failures.   
 
If ground support and reinforcement are considered as a method of ground control their design 
must be based on a thorough understanding of the rock mass properties, the properties of the 
support and reinforcement system, the potential failure surfaces, the operating life of the pit 
slope and the required FOS. The development of any ground support and reinforcement system 
design should consider potential factors that could influence the effectiveness of the rock 
stabilisation system – such as; 
 

• the function of the system (i.e. to catch and retain falling rock debris, to prevent ravelling 
and falling of rock, to reduce the risk of shearing, sliding and toppling of rock mass by 
increasing its strength) 

• geological structure in and around the pit slopes 
• rock mass strength 
• groundwater regime in terms of water pressures, chemistry and corrosion 
• behaviour of the rock support or reinforcement system under load 
• rock stress levels and the changes in stress during the life of the excavation, and 
• the potential for dynamic loading (due to blasting or seismic events). 

 
The basic approach to the design of any ground support and reinforcement system must 
consider the capacity and the service life of the system, the desired FOS, the timing of 
installation and quality control/ assurance programs. For reinforcement design a careful 
assessment of the geological structure and the potential failure modes must be undertaken. 
The length of reinforcement must be sufficient to provide the required anchorage behind the 
anticipated failure surface. Ground reinforcement elements that are too short will do too little to 
prevent slope stability problems. In some cases, reinforcement may tie several small failures 
together and create a large failure. 
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It should be recognised that the various levels of rock support and reinforcement, together with 
their surface fittings, combine to form an overall ground support and reinforcement system that 
consists of different layers. Each layer has its own unique contribution towards the success of 
the system. It is essential that each element/layer of the system is combined in such a manner 
that the overall support and reinforcement system is well-matched to the ground conditions for 
the design life of the excavation. 
 
Corrosion is another factor that needs to be considered in the design and selection of the rock 
support and reinforcement. The influence of corrosion will mean that virtually none of the 
conventional forms of rock support and reinforcement can be considered to last indefinitely; 
they all have a finite design life.   
 
2.5  Implementation of the slope design 
In any open pit mining operation, prior to the commencement of mining, the design will usually 
be changed or modified with time, as detailed information is gathered by site investigation 
programs.  After the commencement of mining the design may continued to be modified based 
on additional data which may not be available until the rock mass is exposed by mining. The 
additional data include both new information on the ore body and geotechnical information on 
the pit slopes.  However, it is essential that the geotechnical design is incorporated into the 
mine plan before commencing the construction of final pit slopes so that the design can be fully 
implemented to achieve the desired outcome. This requires effective interaction of the three 
groups: planning, geotechnical and production as illustrated in Figure 2. 
 
The implementation of the design typically involve minimising unnecessary damage to slopes 
during blasting, excavation control and scaling, groundwater and surface water control, and 
installation of ground support and reinforcement, if included in the design. From the point of 
view of the production group, these measures are an addition to the production cost however 
they are required to improve stability. Thus a compromise between the three groups is 
necessary.   
 
Minimising blast damage 
Industry experience clearly shows that inappropriate blasting practices can result in substantial 
damage to the rock mass in the interim and final pit slopes. Examples of the outcome of poor 
blasting practices near open pit slopes include: 
 

• Loose rock on slope faces and batter crests. 
• Over-break in the slope face leading to over-steepening of the slope which in turn could 

lead to further instability depending on the level of stability allowed in the original design.   
• Sub-grade damage which can destroy safety berms leading to a reduction in their 

effectiveness as a means of retention loose rock pieces falling from above.   
• A cumulative reduction in the strength of rock mass in which the slope is developed.  In 

particular, the shear strength of the structural defects will be reduced.   
 
Consequently, the mine operator must develop and implement standardised drilling and 
blasting practices that have been based on well founded and recognised blast design 
procedures, and that are appropriate to the ground conditions at the mine site. 
 
When developing standardised drilling and blasting practices, the mine operator must take into 
account all factors that control the level of slope damage caused by blasting; including: 

• Geotechnical characteristics of the rock mass: dynamic compressive and tensile 
strength and elastic properties of rock material, structural defect properties such as 
orientation, persistence, spacing, roughness, aperture size, infilling material and shear 
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strength.  Variations of these characteristics significantly influence the effectiveness of 
the blast as well as the extent of unnecessary damage to the slope. 

• The presence of groundwater in the rock mass: water saturated rock masses transmit 
shock energy more efficiently than dry rock masses. The vibration and pressure levels 
do not attenuate quickly as in dry rock mass and the damage envelop is likely to be 
greater. Thus there is greater susceptibility to slope damage. 

• Blast pattern parameters: amount of blast energy and rate of release. These depend on 
the type and mass of explosives, blast hole diameter, burden, spacing, sub-grade depth, 
blast hole orientation, stemming, initiation sequence and delay times. 

• Static stability of the pit slopes: the level of static stability of the slope. The less stable a 
slope under static loading conditions, the more prone it will be to failure under dynamic 
loading during blasting. 

 
Examples of measures commonly used to control blast-induced slope damage include: 

• Buffer blasting. 
• Trim blasting. 
• Pre-split or mid-split blasting. 
• Post-split blasting. 
• Line drilling. 
• Air decking. 
• Electronic delays. 

 
It is essential, when designing site-specific controlled blasting techniques, to understand that 
each of these techniques has advantages and disadvantages depending on the site specific 
rock mass conditions and the slope design.  Further details on these techniques and their 
applicability in various rock mass conditions can be sourced from numerous references – e.g. 
Persson et al. (1994), Scott et al (1996), ACG (2000), Hagan and Bulow (2000), Cunningham 
(2000) and Williams et al (2009). 
 
Excavation control and Scaling 
It must be acknowledged that adequate excavation and scaling of batter faces, (and selection of 
the mining equipment to be used to achieve the desired standards) are critical elements for the 
achievement and maintenance of safe slopes in all open pit mines.  In soils and weak and 
weathered rock, batters can be excavated by free digging using hydraulic excavators.  A critical 
factor in batter excavation in soils and weak rock is that the slope must not be under-cut such 
that the as-built slope is steeper than the as-designed.  This could result in instability leading to 
safety implications.  The berms separating the batters must be provided with adequate surface 
runoff control measures to minimise water infiltration and slope erosion.  In these materials 
experienced machine operators can construct slopes with smooth surface so that scaling is not 
generally required. 
 
In strong rocks, drilling and blasting is required to fragment the rock mass prior to the final 
preparation of the slope. Again care should be exercised to prevent over digging of the batter 
face, particularly where there is blast damage or fractured rock.  Large equipment, primarily 
meant for loading blasted rock, should not be used for slopes construction because such 
equipment could cause excessive damage to the batter face. Scaling of the batter crest and 
face following the excavation is an important component of the implementation of the design. 
Scaling is intended to remove loose blocks and slabs that may form rockfalls or small failures. 
Scaling also helps preserve the catch capacity of berms – required to retain loose rock material 
drilling from above. 
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The debris accumulated at the toe of the batter after the scaling should be removed before the 
access to the toe is lost.  This is necessary to maintain adequate catchment volume on the 
safety berm.   
 
Groundwater and surface water control 
The open pit mines excavated below the ground water table need some form of dewatering and 
depressurisation. The most significant groundwater related problem is the effect that water 
pressure has on the stability of the pit slopes. Water pressures in structural defects in the rock 
mass and pore spaces in rock material reduce effective stress with a consequent reduction in 
shear strength. 
 
At some mines with minor groundwater inflow from pit slopes and pit floor, evaporation alone 
can account for all dewatering requirements. At other mines major pumping operations are 
necessary. The approach to groundwater control can be by means of water abstraction 
methods such as: 
 

• using in-pit and out-of-pit production bores, 
• via sumps and/or trenches excavated into the pit floor, or 
• through sub-horizontal drainage holes drilled into the pit slopes. 

 
Each method can be used individually, or in combination to produce the required result.  
Selection of the most appropriate method will depend largely on the local and regional 
hydrogeological conditions, the relative importance of depressurisation to the mine design, and 
the required rate of mining. In major open pit mining operations all three methods may be 
required for groundwater control. The in-pit and out-of-pit production bores can be used in 
advance of and during mining.   
 
Control of surface drainage is also an important aspect of the implementation of the slope 
design.  Surface water drainage paths through and around the mine must be designed, 
constructed and maintained such that water does not pond at the crest or the toe of the critical 
slopes of the pit.  Surface drainage design should take into account the consequences of 
flooding, including loss of life, injury to personnel, equipment damage, and loss of production. 
To reduce the potential risk of loss of life or injury to personnel, the surface drainage paths 
design should at least take into account 1 in 100 year 72 hour rainfall/flood event. The design 
criteria to be used will be dependent on the level of risk that the mine is willing to accept and 
can justify as meeting the regulatory requirements. Hydrological information for the design of 
surface runoff/flood control measures may be found in Pilgrim (2001). 
 
Installation of ground support and reinforcement 
If the rock support and reinforcement are included in the pit slope design it is essential that they 
are installed correctly. The purpose of ground support placed on the slope face (e.g. mesh, 
shotcrete etc.) is to prevent or arrest ravelling and falling of pieces rock onto the area below.  
And the purpose of rock reinforcement (cable bolts, dowels, shear pins etc) is to increase the 
forces resisting slope failure. In both cases the timing of their installation should be an integral 
part of the design implementation. In areas requiring reinforcement, the delay in the installation 
should be minimised as far as is reasonably practicable, to limit the potential for loosening and 
unravelling of the rock mass. It is recognised that several days may elapse from the firing of a 
blast before the area is clear of debris and is made ready for the installation of ground support 
and reinforcement. However, extended delays in the installation of ground support, in the order 
of weeks, may jeopardise the effectiveness of the ground control because of reduced access, 
and the general loosening (and weakening) of the rock mass. Ideally, identified wedges or 
blocks in pit walls that have the potential to daylight or prove unstable should be secured as 
mining continues, with support and reinforcement being installed progressively. 
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As with any engineering system the effectiveness of any well designed ground support and 
reinforcement system depends on the quality of installation. The installation must meet the 
design assumptions and expectations. It is therefore imperative that the mine operator develop 
a quality control procedure to ensure that the standard of installation of support and 
reinforcement actually meets the design expectations for all ground conditions in the mine. 
 
The ground support and reinforcement installation process exposes personnel to safety 
hazards.  Although some of the work involved in the installation process can be carried out from 
a safe distance (i.e. shotcreting, drilling etc), the installation of mesh, insertion of bolts into 
holes and plating and tensioning of them would expose personnel to much greater rockfall 
hazards than usual.  The increased risks of safety during installation of ground support and 
reinforcement must be clearly recognised and managed by the mine operator. 
 
Performance monitoring 
Performance monitoring of open pit walls is required for essentially two purposes: 

1. To verify the geotechnical parameters and assumptions used to design the existing 
walls. 

2. To ensure that any potential falls of ground are detected prior to them becoming 
hazardous, and to establish appropriate trigger-action plans when ground movements 
are detected. 

 
Validation of the geotechnical model is necessary due to; the inherent variability of geotechnical 
properties of naturally occurring geological materials; various uncertainties in the measurement 
of their engineering properties; the use of various (simplifying) assumptions during the 
geotechnical slope design process.  Validation of the geotechnical model requires systematic 
monitoring of ground conditions, drilling and blasting operations, excavation and scaling, 
dewatering measures, ground support and reinforcement installation and slope performance.  
Information used to validate the geotechnical model can be attained from sources such as: 

• geological and geotechnical mapping of exposed pit slopes, particularly batter faces 
• supplementary drilling, logging, testing and installation of instrumentation for the 

confirmation of geotechnical and hydrogeological characteristics of the deeper areas of 
the pit 

• performance monitoring of near wall blasting (i.e. the degree of shattering in batter face 
and back-break of batter crest) and ground movements 

• reconciliation of as-mined batter faces and berm widths 
• assessment of the effectiveness of dewatering and depressurisation measures, and 
• assessment of the effectiveness of mine planning and sequencing in achieving the 

designed slope configurations. 
 
It should be noted that the detection of potential falls of ground, whilst obviously improving 
workplace safety, is a valuable tool for assessing the accuracy of initial slope design, and that 
pit slope movement data is essential for accurate assessment of failure risk, and the suitability 
of methods used to manage the safety risk. 
 
Numerous techniques are available for pit slope monitoring include; various survey monitoring 
techniques; 3D-photogrammetry, wire and borehole extensometers; and radar monitoring 
systems. The selection of the most appropriate monitoring technique at a mine is dependent on 
site-specific conditions at the mine such as modes of failure, rock types, mining methods and 
mine planning strategies. Regardless of the technique used, if there is an adequate level of 
monitoring and a good understanding of the ground conditions, the onset of major pit slope 
failure can be detected in advance and the safety risks can be managed to an acceptable 
standard. 
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Mining through underground workings 
Open pit mining through underground workings presents a number of potential hazards that 
must be accounted for in the mine design and during mining. The steps involved in the 
mitigation of relevant potential safety hazards include: 
 

• Review of available plans, sections and other documentation showing the existing 
underground mine voids. 

• Confirmation of the extent of the voids identified from the existing records, and if no 
records exist, definition of the extent of the mine voids using probe drilling and/or remote 
sensing techniques. 

• Determination of the status of mine voids, i.e. whether they are open, backfilled or 
partially collapsed, or water filled. 

• Establishing a suite of operating procedures for mining near and through underground 
voids that match with production requirements, covering safe approach and access for 
personnel and equipment, blasting strategies, infill/backfill of voids, barricading 
procedures, and general reporting procedures for all possible safety issues. 

• Definition of the minimum pit floor pillar thickness, for a given void span, such that 
mining equipment and personnel can safely traverse during normal mining operations. 

• Determination of the likely stability of ground at the edges of underground voids and 
derive the positioning of safety barricades to minimise the risk to personnel or 
equipment working near mine voids - particularly near unfilled stopes 

• Determination of the safe thickness of "rib" pillars left between open pit walls and 
underground workings to ensure continued stability of the pit walls. 

• Signoff procedures to ensure all aspects of void and safe access assessment have 
been followed and match well with existing data / assumptions. 

 
It is the responsibility of the mine operator to ensure that safe working procedures, that address 
each of these issues, are appropriate for the risks at each mine site, and are implemented 
rigorously. The implementation of these procedures should be incorporated as part of the 
overall ground control management plan.  Further information on this issue may be found in the 
DMP Guideline “Open Pit Mining Through Underground Workings” (DMP-WA, 2000).   
 
Open pit abandonment 
By the time of mine closure, there should be adequate data to address all the long-term 
geotechnical concerns in regard to the abandonment of a mine. Before open pits can be legally 
abandoned, all the long term drainage, environmental, and public access issues are adequately 
considered and controlled. Environmental requirements for abandoned mines are specified by 
the license and lease conditions imposed by the environmental regulatory agencies and other 
relevant authorities. 
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3  GROUND CONTROL MANAGEMENT PLAN 
Ground control in an open pit mine is an integral part of any well managed mining operation. 
The aim of an open pit ground control program is to design and excavate pit walls so that the 
required levels of workforce safety and economic extraction of ore are achieved. A successful 
ground control program is not necessarily one that has had no rock mass failures. Success is 
measured by the level of awareness developed before any batter or large scale failure occurs, 
how geotechnical learning opportunities are incorporated into the pit design process over time, 
and how the safety and economic risks are managed. The stability analysis discussed in the 
previous sections may form the basis of a risk assessment that incorporates mitigating factors 
to achieve acceptable levels of risk in terms of safety. 
 
To comply with the WHS Act and regulations a mine operator needs to demonstrate "sound 
practice" in the field of geotechnical engineering as applied to open pit mining ground control.  
The use of sound practice assumes that operational and design practices will evolve and 
improve continually.  The vehicle used to demonstrate that sound practice and continuous 
improvement is integral within the mining process at a mine is the ground control management 
plan (GCMP); a critical component of the site PHMP. 
 
As mentioned previously, mine planning, geotechnical design and performance monitoring are 
ongoing processes until the completion of mining. In order to ensure that geotechnical aspects 
are adequately and efficiently addressed throughout the operation of the project a GCMP 
should be formulated at the commencement of mining. The GCMP should define the most 
appropriate excavation geometry (and ground reinforcement and support, if included in the 
design), excavation methods, ongoing data collection procedures, monitoring strategies (for 
example, monitoring of ground movements, mapping of geological structure, groundwater 
monitoring and recording general ground performance), data analysis, interpretation, and 
emergency action procedures. The size of the mining operation will obviously be a major factor 
in determining the amount of effort and resources that are required to develop and implement 
the GCMP. It will be necessary to apply considerable mining experience and judgement when 
establishing the GCMP at a mine for the first time. With experience, it will be possible to 
successively refine the plan over time to address the ground control issues identified as being 
important to the continued safe operation of a mine. 
 
The GCMP is vital to the safe conduct of mining operations in that they facilitate an effective 
risk management process. The plan documents the geotechnical responsibilities at the mine 
and the basis of the slope designs, their implementation and the associated monitoring 
requirements and reporting systems. They provide a form of communication and corporate 
governance reinforcing current geotechnical practice (Read, 2009).   
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APPENDIX A – MEANING OF KEY TERMS 
Abutment   The areas of unmined rock at the edges of mining excavations that 

may carry elevated loads resulting from redistributions of stress.   
Batter 
slope  

The sections of rock mass between catch berms within pit walls - 
usually excavated to a specific inclination/angle from the horizontal.   

Bedding 
planes 

Planes of weakness in the rock that usually occur at the interface of 
parallel beds or laminae of material within the rockmass.   

Buttress A body of material either left unmined or placed against a section of the 
pit wall to prevent continued movement or propagation of wall failure.   

Cable bolts One or more steel reinforcing strands placed in a hole drilled in rock, 
with cement or other grout pumped into the hole over the full length of 
the cable. A steel face plate, in contact with the excavation perimeter, 
would usually be attached to the cable by a barrel and wedge anchor. 
The cable(s) may be tensioned or untensioned. The steel rope may be 
plain strand or modified in a way to achieve the appropriate load 
transfer from the grout and the steel strand to the rock mass 

Catch 
berm   

 

The width of lateral ground (bench) separating successive batter 
slopes. The purpose of the catch berm is to both reduce the overall 
angle of the pit walls, and to catch any loose material or local scale 
rock mass failures, thus reducing the risk of injury to the workforce at 
the base of the pit.   

Catch 
fence   

A fence constructed either vertically or at an angle to the vertical at the 
required off-set distance from the toe of a slope. The purpose of the 
catch fence is to catch any loose material falling from overlying blocky 
ground, thus reducing the risk to the workforce at the base of the pit 
walls.   

Controlled 
drilling and 
blasting   

The art of minimising rock damage during blasting. It requires the 
accurate drilling and placement and initiation of appropriate explosive 
charges in the perimeter holes to achieve efficient rock breakage with 
least damage to the remaining rock around an excavation.   

Dip The angle a plane or stratum is inclined from the horizontal.   
Discontinui
ty 

A plane of weakness in the rock mass (of comparitively low tensile 
strength) that separates blocks of rock from the general rock mass.   

Dowel An untensioned rock bolt, anchored by full column or point anchor 
grouting, generally with a face plate in contact with the rock surface.   

Earthquake Groups of elastic waves propagating within the earth that cause local 
shaking/trembling of ground. The seismic energy radiated during 
eathquakes is caused most commonly by sudden fault slip, volcanic 
activity or other sudden stress changes in the Earth's crust.   

Elastic The early stage of rock movement (strain) resulting from an applied 
stress which does not give permanent deformation of the rock - where 
the rock mass returns to its original shape or state when the applied 
stress is removed.   

Fault A naturally occurring plane or zone of weakness in the rock along 
which there has been movement. The amount of movement can vary 
widely.   

Fill Waste sand or rock, uncemented or cemented in any way, used either 
for support, to fill stope voids underground, or to provide a working 
platform or floor.   

Foliation Alignment of minerals into parallel layers; can form planes of 
weakness/discontinuities in rocks.   
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Friction 
rock 
stabilisers   

Steel reinforcing elements, typically C shaped, that are forced into 
holes in the rock and rely on friction between the side of the hole and 
the element to generate a force to limit rock movement.  The 
anchorage capacity of the device depends on the anchorage length 
and the frictional resistance achievable against the wall of the hole.   

Geology The scientific study of the Earth, the rock of which it is composed and 
the changes which it has undergone or is undergoing.   

Geological 
structure   

A general term that describes the arrangement of rock formations.  
Also refers to the folds, joints, faults, foliation, schistosity, bedding 
planes and other planes of weakness in rock.   

Geotechnic
al 
engineerin
g   

The application of engineering geology, structural geology, 
hydrogeology, soil mechanics, rock mechanics and mining seismology 
to the practical solution of ground control challenges 

Ground 
control 

The ability to predict and influence the behaviour of rock in a mining 
environment, having due regard for the safety of the workforce and the 
required serviceability and design life of the mine.   

Induced 
stress   

The stress that is due to the presence of an excavation.  The level 
induced stress developed depends on the level of the in-situ stress and 
the shape and size of the excavation.   

In-situ 
stress   

The stress or pressure that exists within the rock mass before any 
mining has altered the stress field.   

Instability Condition resulting from failure of the intact rock material or geological 
structure in the rock mass.   

Joint A naturally occurring plane of weakness or break in the rock (generally 
aligned subvertical or transverse to bedding), along which there has 
been no visible movement parallel to the plane.   

Kinematic 
analysis   

Considers the ability or freedom of objects to move under the forces of 
gravity alone, without reference to the forces involved.   

Loose 
(rock)   

Rock that visually has potential to become detached and fall. In critical 
areas, loose rocks must be scaled to make the workplace safe.   

Mining 
induced 
seismicity   

The occurrence of seismic events in close proximity to mining 
operations. During and following blast times there is a significant 
increase in the amount of seismic activity in a mine. Mining induced 
seismicity is commonly associated with volumes of highly stressed 
rock, sudden movement on faults or intact failure of the rock mass.   

Ore A mineral deposit that can be mined at a profit under current economic 
conditions, taking into consideration all costs associated with mine 
design and operation.   

Ore 
reserve   

A volume of known ore zones that a mine has identified as being 
suitable for mining at some time in the future.   

Pillar An area of ground (usually ore) left within an underground mine to 
support the overlying rock mass or hanging wall.   

Plane of 
weakness   

A naturally occurring crack or break in the rock mass along which 
movement can occur.   

Plastic The deformation of rock under applied stress once the elastic limit is 
exceeded.  Plastic deformation results in a permanent change in the 
shape of the rock mass.   

Ravelling The gradual failure of the rock mass by rock blocks falling/sliding from 
pit walls usually under the action of gravity, blast vibrations or 
deterioration of rock mass strength. A gradual failure process that may 
go un-noticed. The term unravelling is also used to mean the same 
thing.   
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Reinforce
ment 

The use of tensioned rock bolts and cable bolts, placed inside the rock, 
to apply large stabilising forces to the rock surface or across a joint 
tending to open. The aim of reinforcement is to develop the inherent 
strength of the rock and make it self-supporting.  Reinforcement is 
primarily applied internally to the rock mass.   

Release of 
load   

Excavation of rock during mining removes or releases the load that the 
rock was carrying.  This allows the rock remaining to expand slightly 
due to the elastic properties of the rock.   

Rock bolt   A tensioned bar or hollow cylinder, usually steel, that is inserted into 
the rock mass, usually via a drill hole, and anchored by an expansion 
shell anchor at one end and a steel face plate and a nut at the other 
end. The steel face plate is in contact with the rock surface.   

Rock mass   The sum total of the rock as it exists in place, taking into account the 
intact rock material, groundwater, as well as joints, faults and other 
natural planes of weakness that can divide the rock into interlocking 
blocks of varying sizes and shapes.   

Rock mass 
strength   

Refers to the overall physical and mechanical properties of a large 
volume of rock which is controlled by the intact rock material 
properties, groundwater and any joints or other planes of weakness 
present. One of the least well understood aspects of geotechnical 
engineering 

Rock 
mechanics   

The scientific study of the mechanical behaviour of rock and rock 
masses under the influence of stress 

Rock noise   Sounds emitted by the rock during failure, may be described as 
cracking, popping, tearing and banging.   

Seismic 
event   

Earthquakes or vibrations caused by sudden failure of rock. Not all 
seismic events produce damage to the mine.   

Seismicity The geographic and historical distribution of earthquakes.   
Seismolog
y 

The scientific study of earthquakes by the analysis of vibrations 
transmitted through rock and soil materials. The study includes the 
dynamic analysis of forces, energy, stress, duration, location, 
orientation, periodicity and other characteristics.   

Shear A mode of failure where two pieces of rock tend to slide past each 
other. The interface of the two surfaces of failed rock may represent a 
plane of weakness, or a line of fracture through intact rock.   

Shotcrete Pneumatically applied cement, water, sand and fine aggregate mix that 
is sprayed at high velocity on the rock surface and is thus compacted 
dynamically. Tends to inhibit blocks ravelling from the exposed faces of 
an excavation.   

Slope  Any continuous face of rock mass within the overall pit wall (without 
stepping/berms).   

Smooth 
blasting   

The use of specialised drill and blast strategies (for example, low 
strength explosives, modified production blasting, cushion blasting, 
pre- and post-splitting) to reduce blast damage and improve wall 
stability.   

Strain The change in length per unit length of a body resulting from an applied 
force. Within the elastic limit strain is proportional to stress.   

Strength The largest stress that an object can carry without yielding.  Common 
usage is the stress at failure.   

Stress The internal resistance of an object to an applied load. When an 
external load is applied to an object, a force inside the object resists 
the external load. The terms stress and pressure refer to the same 
thing. Stress is calculated by dividing the force acting by the original 
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area over which it acts. Stress has both magnitude and orientation.   
Stress field   A descriptive term to indicate the pattern of the rock stress (magnitude 

and orientation) in a particular area.   
Stress 
shadow   

An area of low stress level due to the flow of stress around a nearby 
excavation, eg a large stope. May result in joints opening up causing 
rock falls.   

Strike The bearing of a horizontal line in a plane or a joint.   
Stope An excavation where ore is extracted on a large scale.   
Subdrill The length of blast hole which extends beyond the next bench floor 

level. Subdrill is included in the blast design to provide adequate 
broken rock subgrade for developing working benches. 

Support The use of steel or timber sets, concrete lining, steel liners, etc that are 
placed in contact with the rock surface to limit rock movement. The 
rock mass must move on to the support before large stabilizing forces 
are generated. Support is applied externally to the rock mass (although 
untensioned cables can be classified as ground support).   

Tectonic 
forces   

Forces acting in the Earth's crust over very large areas to produce high 
horizontal stresses which cause can earthquakes. Tectonic forces are 
associated with the rock deforming processes in the Earth’s crust 

Tensile The act of stretching of material. Tensile forces can cause joints to 
open and may release blocks causing rock falls.   

Wall A wall can pertain to a section of, or the complete profile of the 
perimeter of an open pit excavation.   

Wedge A block of rock bounded by joints on three or more sides that can fall or 
slide out under the action of gravity, unless supported.   

Windrow A continuous mound of loose material, of appropriate height, placed at 
the toe or crest of a slope as a barricade to falling objects or to prevent 
personnel/mine equipment from falling inadvertently down pit walls. 
(Can also be referred to as a bund.) 
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