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INTRODUCTION

Ground control is the ability to predict and control the behaviour of the rock in a mining environment.

In all matters relating to ground control, the safety of employees and the required design and serviceability are critical.

Due to the complex range of issues relating to ground control, it is normal to consider two types:

· large, or macro, scale control

· local or micro, workplace control

Mine management and the principal employer are totally responsible for all aspects of ground control.

However, the local or workplace controls involve factors that influence our control on a day to day basis.

The large, or macro, scale control factors affect the entire operation and stability of the mine.  The management and execution of control at this scale is beyond the capacity of us as individuals to influence or affect a change.  

This talk is focused on the local or workplace ground control.

We will be discussing:

· causes of ground movement;

· ground support and reinforcement;

· when ground must be scaled down; and

· the basics of barring down.

causes of ground movement

Ground conditions are affected by the fundamental geotechnical properties of the rock.


“What are the factors that combine to produce a set of ground conditions?”


The factors are:

· geotechnical structure;

· rock stress;

· rock strength;

· ground water; 

· blast damage; and 

· the number and type of openings and their relationship with the other factors.

Naturally occurring features

Geotechnical structure, rock stress, rock strength and ground water are naturally occurring geotechnical features. Blast damage and mine design are determined by the mining activity.

It is important to find and understand the rock conditions of your particular operation.


“What are some ground conditions we may encounter?”


Typical ground conditions are:

· soft rock (low strength, jointed or sheared, plastic rock in a low stress situation);

· hard rock (high strength, well jointed, elastic rock in a low stress situation); and

· seismic rock (high strength, brittle, sparsely jointed, elastic rock in a medium to high stress situation).

Soft rock conditions have low compressive strength (approximately ½ to 25 Mpa).  It requires the application of both soil and rock mechanics to analyse and manage these conditions.  The affect of ground water will have a major impact on the design of the ground support systems to be used.

Hard rock conditions have a higher compressive strength (usually considerably greater than 25 Mpa).  The size and shape of unstable rock blocks depends on the orientation and spacing of the weakness planes and the size, shape and position of the excavations.

Seismic rock conditions associated with underground mining operations, are generally caused by a progressive build-up of high stress levels in the rock around the excavations.  The removal of rock from the stopes causes the natural stress to be transferred to nearby abutments and pillars. 
Mining engineers and mine designers study and analyse the available data.  They then design the excavations, ground support and ground reinforcement systems in such a way as to reduce, as far as possible, the risk of rock collapse or failure.

You can support this analysis by being observant and reporting any unusual events or changes in the ground condition to your supervisor.

Things to look out for include:

· rock noise;

· small rock falls;

· small pieces of high velocity fly rock; and

· crushing of excavations, development headings or stopes.

Blast damage 

Blast damage is unavoidable. However, the aim of a well designed drilling and blasting process is to achieve the necessary fragmentation with the minimum amount of damage to the surrounding rock. 

You can influence the outcome of drilling and blasting by ensuring you follow the design.

There are a number of factors that affect the design.


“What are some of the factors that affect the dril and blast design?”


Some of the factors that affect the design are:

· degree of confinement of the planned blast;

· rock fragmentation required;

· hole diameter, burden, spacing and length;

· hole collar position, hole bearing, inclination and depth;

· the hole pattern;

· initiation sequence; and

· explosive energy levels in the perimeter holes.

Ground support and reinforcement

There are two different approaches to ground stabilisation: ground support and ground reinforcement.


Ground support is applied to the perimeter of an excavation to limit the movement of the rock. Examples of support are:

· concrete lining;

· timber props;

· steel sets; and

· shotcrete.

Ground reinforcement is applied to the interior of the rock to limit movement. Examples of this type of support are:

· rock bolts;

· cable bolts;

· friction rock stabilisers; and

· grouted dowels.

Selection of the appropriate ground support and ground reinforcement systems will be driven by the natural ground conditions and the mine development design.

Corrosion is an important factor to be considered in the design of support systems.  The fact that the metals used will corrode means that none of the conventional rock support and reinforcement systems will last forever.

The main causes of corrosion are:

· oxidation of the metal; and

· consumption of the iron by inert metals such as copper.

Ground water and mine wash-down water should be checked on a regular basis in order to determine it’s potential for causing corrosion.

You can assist in identifying areas of high corrosion by being alert and examining the support materials in your work area for excessive corrosion.  If you notice areas of concern, inform your supervisor.

The area you are most likely to be involved with is localised ground support.


“What are some of the basic rules you need to apply when installing ground support equipment?”


Some of the basic rules are:

· only use equipment designed for the purpose;

· follow the laid down safe work procedures;

· the timing of the installation must allow for the early deterioration of conditions;

· progressive scaling must be conducted prior to and during the installation work;

· work from a secure position (ie. work from the reinforced area outwards);

· make sure you have correct alignment relative to the orientation of previously drilled holes;

· ensure the required torque to bolt or dowel nuts is achieved without damage to the individual components;

· keep non-essential people away form the area during the installation process; and

· follow the manufacturer’s recommendations for installation.

underground barring down and scaling

The other areas we are regularly involved with are testing, barring down and scaling the local ground to ensure stability.

Scaling is the process of making the ground safe by using scaling equipment to locate and remove loose rocks from the walls, face and backs of the work area.


“What is the essential ability you must have before you can commence a scaling operation?

The ability to correctly read the ground or assess the conditions is essential for those involved in barring and scaling.

The approach to scaling and barring down must be systematic.

It must never be assumed the work area is safe until it has been checked by those people working in the area.

Ongoing checking and scaling is required.


“How can ground conditions be identified?


There are two ways of identifying ground conditions.  They are:

Sight

· does the rock look stable;

· can you see zones of weakness in the rock;

· can you see any intersecting joints; and

· are there any cracks.

Sound

· listen for rock noise caused by high stress; and

· strike the rock with the tip of the scaling bar and listen to the sound.

In a large number of operations, jumbo drills are used to power scale.  This attempt to scale is used in areas with high backs, walls or faces. 

The drill bit is run on the rock surface with the drifter operating and drilling into the rock for a short distance.  Alternatively, the drifter feed and boom hydraulics are used to rake the bit across the rock.

This approach is using the drill in a manner it is not designed for.  It is a very indiscriminate method.  The angle that these large impact forces can be used at is limited and may not be optimal for dislodging the material.

Often, no attempt is made to sound the area for potentially loose material.  The noise of the drill during this process does not allow effective sounding of the rock. 

DO NOT USE ANY MACHINE FOR SCALING UNLESS IT IS SPECIFICALLY DESIGNED FOR THAT PURPOSE

Manual scaling is one of the most hazardous activities in underground mining. 

The ability to identify planes of natural weakness or joints is critical.  These unstable blocks, wedges or slabs must be removed by scaling.

Key blocks or wedges may be holding other blocks or wedges in place.  The removal of key blocks may trigger the fall of the others.

Manual Scaling or Barring Down

Scaling equipment comes in a variety of lengths and material.  Solid steel and hollow aluminium bars are some examples.  The aluminium bars are lighter and used for reaching high areas.  However, they are not as effective for sounding as they are more flexible than the solid bar.

There are a number of basic procedures in the scaling process.


“What are the basic procedures in the scaling process?”


The basic procedures are: 

· use a bar of the correct length;

· ensure the bar is in good condition;

· have a firm footing;

· have a clear line of retreat;

· watch for unexpected falls;

· drop the bar if the rock falls towards you;

· scale from protected areas; and 

· for heights above approximately 3.5 meters, use a work platform.

Let’s look at these more closely.

The bar

· only straight bars with shark tips should be used;

· the bar should be the correct length for the task;

· never hold the bar in front of you; and

· push and pull the bar in an upwards direction.

Firm footing

· plan the scaling of a suspect area - don’t go in unprepared;

· know where you are standing and make sure the area is clear of obstruction;

· check the area behind you ;

· plan your retreat path; and

· remember that scaled rock can become an obstacle – keep your retreat clear of debris.

Scaling direction

· always work on ground which you have scaled or secured;

· never assume the ground is safe - check it or ask if it has been checked;

· do not over reach; and

· scale the back first, then the sides and then from the top of the walls down.

Unexpected falls

You can never assume the ground will remain stable after it has been scaled. Check your work area before commencing each shift.  Changes in rock stress or pressure from drilling, blasting and rock reinforcement, will tend to loosen the ground.

Manual scaling from a work platform

The elevated platform must be purpose built and robust to meet the duty of scaling.

Note:  NEVER WORK FROM A LOADER BUCKET

“Before scaling from an elevated platform, what precautions should be taken?”

Before working from an elevated platform you should:

· check the ground conditions around the platform base;

· note the position of the platform support vehicle;

· make sure the operator of the equipment for elevating is properly trained;

· establish communication between all involved;

· note your means of entry and exit from the platform;

· make sure  you have adequate lighting for inspecting the surface;

· allow for tramming of the work platform and ground conditions; and

· take note of the position of people in and around the work area.

You must follow the site procedures and only perform tasks you are trained to do.

SUMMARY

Ground control is a complex issue that requires each of you to do your part. 

Local or workplace controls involve factors you can influence on a day to day basis.

Geotechnical structure, rock stress, rock strength, ground water and blast damage affect the stability of the ground you mine.

You must follow the laid down procedures for the installation of ground support and the barring or scaling down process.

When working from an elevated position, the equipment must be designed for the purpose.

If your have any doubt of the ground conditions, seek advice and notify your supervisor.
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Hand out sheet 1 – Causes of ground movement








Further References for the Supervisor/Presenter





The CCH Safe Mining Manual Guidelines


CCH Australia Limited – North Ryde, New South Wales





State Statutory Body Guidance Notes 
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Hand out sheet 2 – Typical ground conditions
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Hand out sheet 3 – Factors that affect the design
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Hand out sheet 3 – Ground support and reinforcement








Hand out sheet 5 – Ground support installation rules
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Hand out sheet 6 – Identifying ground conditions
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Hand out sheet 7 – Basic procedures for scaling
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Hand out sheet 8 – Scaling from an elevated platform
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