EXPERIMENT - 1
Aim:To study the flowcharts and symbols for mining activities
Theory:
Flowchart is a visual representation of the sequence of steps and decisions needed to perform a process. Each step in the process is represented by a different symbol and contains a short description of the process step. The flow chart symbols are linked together with arrows showing the process flow direction. A flowchart typically shows the flow of data in a process. 

Flowchart Symbols:
[image: C:\Users\BisleshanaB\Desktop\academics-mining\computer application in mining\flowchart-symbols.png]
FLOWCHART FOR Mine Cycle
[image: MiniingCycleLarge]
Mining & Milling Process
[image: Flow-chat-of-mining-process-and-corresponding-mining-machinery]

Applications of Flowcharts
· Planning a new project
· Documenting a process
· Modelling a business process
· Managing workflow
·  Auditing a process
· Mapping computer algorithms
· Data management
· Chemical and process engineering
Conclusion:A flowchart is a powerful tool useful for mining activities. With proper design and construction, it communicates the steps in a process very effectively and efficiently.
Result: Flow charts for........ Mining activities are prepared.

















EXPERIMENT - 5
Aim: Prediction of subsidence 
Theory:
When underground mining operations involves the total extraction, it induces overburden strata movements.  If not properly planned it causes surface subsidence and affects surface profile.  The subsidence chiefly dependent upon the following factors:
i. Depth of workings
ii. Seam thickness 
iii. Width of excavation and size of working
iv. Rate of advance of face
v. Underlying Goafs and Barriers
vi. Nature of the roof
vii. Percentage of extraction
viii. No.of seams extracted
Based on physical principles, methods of subsidence prediction classified as below:
I. Numerical methods
· Finite element method
· Boundary element method
· Discrete element method
II. Empirical and Semi-empirical methods
· Graphical method
· Profile function method
· Influence function method
· Zone area method.
III. Theoretical methods based on continuum mechanics
· Elastic analysis
· Visco-elastic analysis
· Beam theory
IV. Theoretical methods based on idealized mechanistic models
· Stochastic model
· Void diffusion model (VDM)


Various methods of monitoring: 
With available technology today, ground movements can be monitored at short intervals with high accuracy.  Various surveying instruments and techniques are available for continuous or periodic monitoring of the ground movements as well as the deformation of the structure.
Periodic monitoring is carried out either with leveling equipment for vertical and tachometer for both horizontal and vertical movement’s measurement.  In addition to these conventional instruments, the Global positioning system receivers, aerial photographs and satellite imagery can be used for periodic monitoring of the ground movements.  Modern digital levels and electronic tachometers greatly help in the measurement of ground movements and processing of such digital data, later through the computers reduces the cost and time of surveying and mapping operations.
· Levels  
· Tachometer 
· Global Positioning System Receiver 
· Aerial Photographs 
· Satellite Images
· Continuous Monitoring
· Slope Measuring Instruments
[image: C:\Users\Minig HOD\Desktop\figure7.jpg]
Figure: Subsidence profile
Conclusion: The subsidence occurs in two phases.  First, subsidence due to deflection of main roof which can be called as pre-subsidence phase or insignificant subsidence phase.  The second phase, which leads to the first failure of main roof and development of maximum or full subsidence due to compaction of caved roof under the load of failed super incumbent strata.  Themagnitude of subsidence mainly depends on the caving height and bulking properties of the caved material.  

















Experiment - 7
Aim: Study of dump Slopes 
Theory:
· The over burden of waste and uneconomic mineralized rock is required to be removed to mine the useful mineral resource in a surface mining operation. 
· In this process a dump is formed by casting the waste material and dumping it in nearby area. 
· The dump so formed is known as mine waste dump. Waste dump may be classified as internal and external dump.
Classification of Dumps:
· The shape of a mine dump is mainly based on the nature and topography of the area where they are employed. 
· Mine dump can take the shape of one or a combination of many different configurations, such as a valley fill, cross valley, side fill or heaped depending on the topography of the area. 
· The dumping method of material can be used to classify dumps into five basic types.
1) End dumping: Dumping rock over dump face resulting in some particle size segregation down slope towards the toe of the rock pile, with particle size generally increasing.
2) Push dumping: dumping from trucks, followed by levelling and pushing by tractions and the shovels resulting in particle size segregation, finer at the top and coarser at the toe of the dump slope.
3) Free dumping or plug dumping: dumping in small piles on the surface of the rock pile, grading the material and compacting in layers or lifts resulting in dense layers with no real particle size segregation.
4) Dragline spoiling: deposited on the surface without construction of lifts and minimal compaction resulting in dense layers with no real particle size segregation because of relatively low overall height of the spoil piles.
5) Mixing of waste rock with pilings
Method of stability calculation:
In most of the cases, the method of stability calculation is based on generalized slip surface which may be a plane, an arc or a combination of both. These generalized analysis include identification of the slip surface,
· Particle shape and roughness of grain surface.
· Grain quality: weak rock material such as shale has lower friction angle compared to strong rock materials such as granite.
· Grain size distribution: Friction angle decreases with decreasing coefficient of uniformity of grain size
· Specific gravity 
· State of compaction and packing: friction angle typically increases with increasing density or decreasing void ratio
· Applied stress level:   Friction angle decreases with increasing confining stress resulting in a curved strength envelope passing through the origin instead of classical stoline
· Definition of failure conditions:   Drained or undrained 
· Degree of saturation
[image: C:\Users\Raviteja\AppData\Local\Microsoft\Windows\INetCache\Content.Word\DUMP OVERVIEW.PNG]
Factors affecting dump stability:
· Dump configuration:  The configuration and size of the mine dump has a direct impact on its stability and potential size of failure.
· Height of the dump:   It is defined as the vertical distance from the dump crest to the ground surface at the dump toe. The dump typically varies from 20m to more than 400m.
· Volume: Small dumps are considered to contain less than about 1 million m3 while large dumps have more than 50 million m3 ,medium size dumps have volumes in the range of 1 to 50 million m3 .
· Slope angle:  The overall dump angle is measured from crest of uppermost platform to the toe.
· Foundation slope and degree of confinement:  It often by shape of the foundation also effects dump stability .The most favorable situations are a decreasing slope towards the toe and 3-dimentional confinement within a valley.
· Foundation conditions: The foundation of dump may have a variety of rock formation from saturated soil to competent bed rock. The pressure of water within the voids of a dump seriously affects the dump stability depending on the quantity or elevation of the surface.
· Dump material properties: properties of dump materials include gradation, shear strength and durability etc. The most favorable dump materials are composed of hard and durable coarse rock within little or no fines and are commonly associated with metal mines.
· Dumping method:  Mass dumping leads to rotation failure where the fine grained material behaves as a weak homogeneous mass in the end dumped state. Face dumping causes formation of a plane of weakness along the face. Under such conditions continued use of the dump even for dumping of good quality material is susceptible to failure along this plane.
· Dumping rate:  The impact of loading rate on physical stability of dump is very important. The placement of loose blasted rock in a manner which does not allow for sufficient time for the material to develop. Strength at reasonable density will experience significance settlement.
· Seismicity and Dynamic stability:  The most significant impact on stability due to earth quakes appears to be potential fraction of foundation material .However saturated fine grained dump materials may also be subjected  to lique fraction .Dynamic ground motions induced by nearly blasting associated with mining could affect dump stability.
· Topography:  Topography has a direct influence on dump stability in different ways. Mine dump instability on steep terrain may be due the difficulty in achieving adequate dump density and therefore the maximum shear strength of the material.
· Dump drainage conditions:  Piezometric conditions of a dump and its associated foundation are of primary importance for the assessment of dump stability.
Conclusion:
         The study of different types of failures, factors affecting them in details and the dump slope stability techniques help to design stable dumps in mines.
Result:Dump slopes are designed by considering various parameters successfully.


EXPERIMENT -6
Aim: Study of Bench Slope 
Theory:
Factors affecting slope stability 
· Slope geometry:The basic geometrical slope design parameters are height, overall slope angle and area of failure surface with increase in height, the slope stability decreases. The overall angle increases the possible extent of development of any failure to the area of the crests increases and it should be considered that the ground deformation at the mine peripheral area can be avoided. Generally overall slope angle of 450 is considered to be safe by DGMS.
· Geological structures:The main geological structures affects the stability of the slope in an open pit mines are 
                                                 1) Amount and direction of dip 
                                                 2) Intra formational shear zone 
                                                 3) Joints and discontinuities
                                                           a) Reduce shear strength 
                                                           b) Change permeability 
                                                           c) Act as subsurface drain and planes of failures
                                                 4) Faults 
a) Weathering and alteration along the faults 
b) Act as ground water conduits 
c) Provides a portable plane of failure 
· Lithology:The rock materials forming a pit slope determines the rock mass strength modified by discontinuities faulting folding and weathering , low rock mass strength, restrict stability 
· Ground water:It causes the following 
                a) Alters the cohesion and frictional parameters 
b) Reduce the normal effective stress 
· Mining methods and Equipment:  
· Strike cut – advancing down the dip 
· Strike cut – advancing up the dip 
· Dip cut – along the strike 
· Open pit workings 
          The use of dip cuts with advance on the strike reduces the length and time that a face exposed during excavation 
· Dynamic forces:  Due to effect of blasting and vibration shear stresses are increased and as a result dynamic acceleration of material and increases the stability problem in the slope face.
· Cohesion:It is the characteristic property of a rock that measures how well it resists being deformed are broken by forces such as gravity 
· Angle of internal friction:It is the angle measured between the normal force(N) and the resultant force(R) that is attained when failure just occurs in responses to a shearing stress(S). It tangent(S/N) is the coefficient of sliding friction.
[image: Image result for dump slope design]

· Types of slope failure 
I. Plane failure:  Simple plane failure is the easiest form of rock slope failure to analyze. It occurs when a discontinuities striking approximately parallel to the slope face and dipping of a lower angle intersects the slope face enabling the material above the discontinuity to slide .
II. Wedge failure:  The 3 –d wedge failure occurs when two discontinuities intersect in such a way that the wedge of materials formed above the discontinuity can skid out in direction parallel to the line of intersection of two discontinuities.

III. Circular failure:  The conditions under which circular failure occurs are,
· When the individual particle of rock mass comprising the slopes are as small as compared to slope.
· When the particles are not locked as a result of their shape and tend to behave as soil.
Factor of safety 
The FOS is chosen a ratio of available shear strength to that required to keep the slope stable.
	        FOS
	Details of slope

	<1.0
	unsafe

	1.0-1.25
	questionable safety 

	1.25-1.4
	satisfactory for routine cuts and fills 

	>1.4
	satisfactory for dams



Recommended steps for numerical analysis in Geo-mechanics
Step 1: Define the objective for the model analysis 
Step 2:  Create the conceptual picture of the physical system 
Step 3: construct and run simple idealized models 
Step 4: Assemble problem - specific data 
Step 5: Prepare a series of detailed model runs
Step 6: Perform the model calculations 
Step 7: Present results for interpretation 
FLAC/Slope analysis project is divided into four stages 
a) Model stage: Each model stage is named and listed in a tabbed bar in the model stage. This allows easy access to any model and results in a project.
b) Built stage: For a specific model the slope conditions are defined in the built stage. This include the change to the slope geometry addition of layers specification of materials and weak place application of surface loading 
c) Solve stage : In the solve stage , the FOS is calculated then the solution of numerical model is selected first and then the FOS calculation is performed 
d) Plot stage : After the solution is complete , several output selection are available in the plot stage for displaying the failure surface and recording the results 
Conclusion:
   The study of different types of failures, factors affecting them in details and the mine slope stability techniques help to design stable dumps in mine.
Result: Thus, open pit mine slopes are designed by considering various factors and parameters.


















EXPERIMENT – 8
Aim: Study of blast design
Theory:
There are two types of variables in blasting design
Uncontrollable - The variables over which we do not have control, such the geology, rock - characteristics, and regulations or local specifications (such as the distance to the nearest structures) etc.
Controllable variables - The variables over which we have control. These are listed below:
· Hole diameter
· Hole depth
· Sub-grade drilling
· Stemming distance
· Stemming material
· Burden and spacing
· Number of holes in the blast
· Direction of rock movement
· Delay Timing
· Types of explosive and initiation system
Burden:In practice, Burden = ½ to 1/3 of Bench height.
· Burden is defined as the shortest distance to relief at the time of blast.
· Fixing proper burden is one of the most important decisions made in any blast design.
· If the burden is too small, rock is thrown at a considerable distance from the face, air -blast levels are high and the fragmentation may be excessively fine.
· If the burdens are too large, severe back-break occurs behind the last row of blast holes.
· Excessive burdens cause over-confinement of blast holes, which result in high levels of ground vibration per weight of explosive being used.
· Rock breakage can be extremely coarse and often causes bottom or toe problem, when burden is kept large.
Spacing:Spacing = 1.0 to 1.5 of Burden
· The distance between adjacent blast-holes, measuredperpendicular to the burden, is defined as the spacing.
· Spacing calculations are a function of burden.
· If spacings are significantly less than the burden, it tends tocause early stemming ejection and premature splitting betweenblast holes due to the rapid release of gases to the atmosphere,and result in noise and air blast.
· When the spacings are too large, the fragmentation of rock maybe poor, and may cause an uneven floor.
·  Consequently, burden and spacing decisions are made bycareful analysis of geology, explosives, condition at the site, andexperience.
Stemming Distance:Stemming Distance = 0.7 to 1.0 of Burden
· A stemming distance of 0.7 to 1.0 of Burden is adequate to keepmaterial from ejecting prematurely from the hole.
·  But if the blast is poorly designed, the above stemming distancemay not be adequate to keep the stemming from blowing out.
· A delicate balance exists between not enough or too muchstemming.
· Fly-rock and excessive air blast can be caused when there is notenough stemming.
· Too much could lead to excessive vibration and poorfragmentation.
Optimum Size of Stemming Material:
· The most common material used for stemming is drilling cuttings,since they are economic and conveniently located at the collar of the blast hole.
· If we want to minimize the stemming depth in order to break cap rock we should use the proper size of stemming material.
· Very fine drilling dust will not hold in the blast hole and is easily ejected; very coarse material tends to bridge the hole when loading and may be ejected; round gravel or sand from river will not function as well as crush stone.
· The optimum size of stemming material would be the material that has an average diameter of approximately 0.05 times the diameter of the blast hole.
· Material must be granular to function properly, never use a coarse,large, or sharp rock that could damage the initiating system.
· If the drill holes are wet to the collar, the use of crushed stone canresult in better fragmentation and control.
POWDER FACTOR OR EXPLOSIVES FACTOR
· Powder factor is the mathematical relationship between the weight of explosives (kg) and a given quantity of rock (Cum).
To calculate cubic metres per borehole, the following formula is used
·  V = B x S x H; where B = Burden (m.), S = spacing (m.), H = bench height (m.) and V = rock volume (cubic metres.).
· To calculate tons of rock per borehole, multiply V by thedensity of rock (tons/cubic meter).
BLAST HOLE INITIATION SEQUENCING
· In this system each charge is given sufficient time to break its quota of burden from the rock mass before the next charge detonates.
· By using proper delay sequence the ground vibration, air blast and fly-rock are minimized and the fragmentation is increased.
· If sufficient free face is not available, an inner blast hole may crater upward, resulting in poor fragmentation, little forward displacement, and an increase in the possibility of fly-rock & overbreak, while increasing ground vibration and air blast.
· The delay interval necessary for optimum fragmentation varies with the type of rock and burden distances.
· It appears that delay intervals of more than 8 milliseconds between adjacent blast holes in a row provides the best result inrespect to ground vibration and fragmentation.
OPTIMUM BLASTING
· In most mining operations the ore undergoes several processessuch as drilling, blasting, loading, hauling, crushing and grinding to become the final stable product.
· Drilling and blasting is an important step and its result such as fragmentation, muck-pile shape & looseness etc. effect the efficiency and productivity of downstream processes.
· Drilling and blasting costs constitute nearly 20 to 30 percent of total cost of drilling, blasting, shoveling, hauling and crushing operations.
· Because of high proportion of cost of shoveling, hauling and crushing, better fragmented well shaped and loosened muck-pile has greater shoveling, hauling and crushing efficiency; and lower the overall cost of mining.
· At the same time for achieving better fragmentation and loosenedmuck-pile the drilling and blasting cost has to increase.
The concept developedby Mackenzie describes the totalblasting cost as: 
Ct= (Cd + Cb + Cl +…+ Cc) / P
Where,
Ct = Total blasting cost per tonne of finished product,
Cd = Cost of drilling, Cb = Cost of blasting,
Cl = Cost of loading, Ch = Cost of Hauling,
Cc = Cost of Crushing,
[image: ]P = Total tonnage of production.










Figure: Blast holes/ Patterns
[image: ]

	
	





Figure: formation of fly-rock
Conclusion: Optimization of blast design is done by considering various parameters that affect blasting. Various blast patterns were also discussed in order to improve blasting.
Result:Optimization of a blast design is done for various conditions and profiles.









Experiment-7
Aim: Design of mine pillars.
Theory: 
Coal Pillars Design Approaches:
Ultimate Strength:
· The design determines the strength of a pillar on the basis of its geometry, size and the compressive strength of the material. 
· This approach will compare the expected load of the pillar to its ultimate strength to determine its safety factor value.
· The main assumption of this approach is that, once the ultimate strength is overcome the pillar will have zero strength, which is not strictly true in terms of the reality.
Progressive Failure: 
The design assumes a non-uniform stress distribution within the pillar.The failure of a pillar begins at the point of ultimate strength, and gradually progresses to ultimate failure.
1. Wilson Core Model
2. Diest Strain Softening Model
Numerical Models can adopt both ultimate strength and progressive failure approaches.
· Traditionally, all pillar design formulas employ the ultimate strength theory. Each of these “classic” pillar design formulas consisted of three steps:
· Estimating the pillar load
· Estimating the pillar strength
· Calculating the pillar safety factor.
· Classic empirical pillar strength formulas usually follow one of two general forms.
[image: ]






Where,
 σp= pillar strength; σs = strength of in-situ coal or rock; W = pillar width; H= mining
height; 
α and β are regression constant and K = a constant depending on the field
Pillar loading: 
[image: ]Estimation of loading on the pillar of Bord and pillar mines based on tributary area loading concept.


Stress in pillar by Tributary area method
[image: ]
· assumption of this approach is that, on
[image: ]

Figure: Schematic cross-section illustrating the influence of depth on pillar load.
 (a) At shallow depths (b) At great depths.

The numerical simulation and test of the coal pillar size
[image: ]
Figure: Numerical simulation of coal pillar
Observations and calculations:
Table: Mechanical parameters of coal and rock strata
[image: ]

Conclusion: Several parameters that impact strength of pillars are considered and mine pillars are designed accordingly.
Result:Thus mine pillars are designed by considering surrounding profile.





















Experiment -8
 Aim: Design of openpit mine planning.
Theory:
Steps in design of opencast 
A) Study of deposit exploration (GR).
B) Final pit limits.
C) Development sequence. 
D) Design of access ramp and haul roads.
E) Pit design.
F) Annual producton capacity-system availability-mining technology.
G) Main mining equipment.
H) Optimizing dumping stratagy and balencing.
I) Year-wise /stage-wise plans.
J) Financial viability(capital and revenue).
K) Coal washing.
L)  Environment stipulations .
 Study of deposit exploration (GR)
· Extent of deposits i.e.strike and dip, raise,width.
· Geology-Geological succession,sequence of beds,drilling,logging,number of seam, sequence of coal seams,discription.
· Interseam partings.
· Structure-Number of faults,throws,dip of seam and beds. 
· Reserves-Quality wise /seam wise/depth wise etc. based on block model,gridded seam model and polygonal model .
· Over burden volumes and stripping ratio-sector wise,depth wise etc.
· Coal seam analysis,proximate and ultimate,ash etc. and OB strata hardness etc.
· Drilling details (lithology).
· Physiography.
· Climate and vegitation .
· Preliminary EMP information.
Dimension of openpit field:
The criteria for delineation of boundaries of an opencast project are;
· Rise side boundary-    Usually incorp of the bottom most seam 
· Lateral sides- Usually by geological disturbances like fault, surface                                                                                 structures/feature like nalah,river etc or limitation of the strike length of the deposit .
· Dip side-  Depends on the econmical stripping ratio in absence of natural  constraints.
Haul analysis : 
Lead lift increase cost-desides mode of transportation dump limits avaiable are 
             1)Dump area         -100m from mine boundary 
             2)Dump area        - 50m from internal access road 
             3)Dump area                     -80-100m from mine infrastructure 
             4)OB volumes                  -Final slopes 
             5)Mineable reserves    -various losses,batter,barrier etc             
6) Maximum depth increase haul cost (30 to 40 % of totoal cost a 1½ kilomter lead).
Estimation of Coal, OB, and Stripping ratio:
Rough assessment is given below 
· Assuming pit slope of 450 , the quary floor and surface are delineated 
· Volume of coal and OB  =  Average area X Average depth--------------(A)
· Average area  = (Quarry surface area + Quarry floor area)/2
· Average depth   =  (Minimum depth + maximum deph )/2
· Volume of coal  = (Quarry floor area X cumultive thickness of all coal seams (B).
· Coal in tonnes   =  Volume of coal X specific gravity –-----------(C)
· OB volume  =   coal  +  OB volume (A)  -  coal volume (B)----------(D)
· Stripping ratio  = OB volume (D)/coal in tonnes(C)
For accurate stripping ratio the volumes of OB and coal are to be made seam wise.

Table: Stripping ratio coresponding to grade
	Grade
	Stripping ratio (cu.m/ Tonne)

	F
	7

	E
	8

	D
	9

	C
	10



[image: D Contd.D. Design of Access Ramp & Haul roads  Haul roads Sl.No   Particulars   1     Width                  Should facili...]Design of access ramps and haul roads 
Pit design
General design parameters and planning data 
· Density of seams, total coal column thickness.
· Thickness of partings.
· Gradient.
· Geological disturbances.
· Surface constraints/adjacent habitat.
· Dump yards availability with lid and lift.
· Mining systems, optimum mining concept.
· Depth of operation, minable reserves after various losses, OB volumes, stripping ratio.
· Soil characteristics.
· Work practice in the area.
· Dig ability characteristics.
Overall slope of a pit depends on several factors of the pit slope;
· Geological disturbances like faults etc.
· Hydrological conditions of strata.
· Orientation of slip planes.
· Nature of strata i.e. hardness, material consolidation etc.
· Depth of working.
· Design of haul roads and ramps in the highwall.
· Stratigraphy – Thickness, spacing of the clay bands or other weak layers.
[image: E. Pit design                                                   E Contd.In general for OC mines upto a depth of 200m, over...]
Figure: Bench design
[image: E Contd.E. Pit designFor deeper mines flatter highwall slopes will be necessary from safety point ofview (for 35 T dumpers...]
[image: E. Pit design                                                    E Contd.For deeper mines flatter highwall slopes will be ...]Figure: slope design
Figure:Layout of opencast
Conclusion:An open pit mine is designed by considering all the factors that affect slope stabilities and strength of the host rock.
Result: Hence an open pit mine plan is designed.
Experiment -9
Aim:  Design of support for underground mining methods
Theory: 
Roof support is essential for the safety of every underground miner. It has three primary functions:
· To prevent major collapses of the mine roof;
· To protect miners from small rock falls that can occurs from the immediate roof skin; 
· To control deformations so that mine openings remain serviceable for both access and escape, as well as for ventilation of the mine workings.
With any structure, an engineering analysis begins with evaluations of two fundamental factors:
· The strength of the different components of the structure; and
· The forces that are loading it.

Functions of roof support:
Support systems work best when they enhance the inherent strength of the mine roof. It can be done by,
· Providing confinement.
· Limiting deformation and preventing unraveling. 
· Tying weaker rock units to stronger ones.

Properties of Roof Support Systems:
Roof supports can be divided into two categories:
· Intrinsic support: where the supporting elements are installed within the roof; and
· Standing support: where the supporting members are installed between the roof and floor.
The "ideal" roof support has the following properties:
· High initial stiffness, so that only small ground movementsare needed to mobilize the capacity of the support;
· Large load-bearing capacity; and
· High residual strength over a large range of displacement.



Coal Mine Roof Rating (CMRR):
The Coal Mine Roof Rating (CMRR) focuses on the specific features that commonly occur in coal measure rock. It weighs the individual geotechnical factors that determine roof competence, including,
· The uniaxial compressive strength of the intact rock;
· The spacing and persistence of discontinuities like bedding planes and slickensides;
· The cohesion and roughness of the discontinuities; and
· [image: ]The presence of ground water and the moisture sensitivity of the rock.
Figure:Ground reaction curves and the factors that affect them
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Figure: illustration of support stiffness
[image: ]Figure:Effect of support stiffness on the ground reaction behaviour.
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Figure:Effect of installation timing




[image: ]
Figure:Three types of laboratory strength tests.
A. Uniaxial compressive strength test;
B. Triaxial compressive strength test;
C. Bedding plane shear test.

Types of mine supports: There are 6 (six) types of mine support
1. Wooden logs support
2. Support using metal rods
3. Support using metal pins or roof bolts
4. Support using metal fence (net)
5. Concrete support and using brick walls
6. [image: ][image: ]Resin support
Figure: Wooden cog supportsFigure: Roof bolts

Factors controlling choice of suitable type ofmine support:
A. Availability of support material in the localmarket & costs of support materials (even thoseimported from abroad).
B. Distance to brick, cement and steel factories.
C. Nature of problem (to be solved) in the mine.
D. Durability of the mine.
Conclusion:
Thus, support system in undergrounddesigned by considering all the parameters that impact strength of supports. Various functions and parameters of support system were discussed briefly and proper support system is designed.
Results:Underground support system is designed and the objective is fulfilled.
























Experiment -10
Aim: To design the underground mine plan
Theory:
Basic principle of bord and pillar:
1) Development of mine by the method of working known as bord and pillar consist of a driving a series of narrow roads, separated by block of solid coal, parallel to one another 
2) Andconnecting them by another set of narrow parallel roadways driven nearly at right angles to the first set.
3)  The stage of formation of a network of roadways is known as development or first working. And these roadways are called bord or gallery. 
4) When the gallery are developed a solid block of coal is left surrounded the gallery are known as pillar.

[image: APPLICABILITY OF BORD AND PILLAR METHOD
The Bord and Pillar method is adopted for working.
1. A seam thicker than 1.5 m,
2...]
Figure: layout of bord and pillar


Applicability of bord and pillar method:
The bord and pillar method is adopted for working.
· A seam thicker than 1.5m
· A seam free from stone or dirt bands. Stone or dirt bands, if present in a seam , can be easily disposed of for strip packing in longwall advancing method of mining 
· Seam at moderate depth
· Seam which are not gassy
· Seam with strong roof and floor which an stand for long period after development stage is over
· Coal of adequate crushing strength
The main elements of bord and pillar working are as follows
1) Size of the panel 
2) Size of the barrier 
3) Size of the pillar
Size of panel  
· The main consideration in deciding the size of panel is the incubation period of the coal seam  
· The period in Indian coal fields generally varies between 6-12 months 
·  The extraction rate from depillaring district in Indian coal fields averages about 250 -300t/day/panel
· Sometimes panel size are determined by strata control considerations 
Size of barrier
· The width of the barrier depends on the load which it has to carry and its strength 
· The size of the barrier should be as the size of the pillar in the district
· In deep mines the width of the barrier may become quite large (up to 45m) and so during extraction they are thinned down consistent with safety 

[bookmark: _GoBack]Size of pillars 
     The size of pillar is influenced by the following;
· Strength of the coal: Seam with weak coal require large pillars Effect of atmosphere and escape of gas also influence the size of pillars
· The nature of roof and floor: This influence the liability to crush and creep. A strong roof tends to crush the pillar edges whilst of soft floor predisposes it to creep and both calls for large pillars
· Geological considerations: In the vicinity of faults, large pillars are required. Dip and presence of water also influences the decision as to the size of pillars 
· Time dependent strain : With time the strain goes on increasing, the load remaining constant and if the  size of the pillar is not sufficiently large, the it may fail under the time dependent strain, although initially it might be stable.
Table: Dimensions of pillars and galleries at different depths
	Depth of the seam from the surface
	Where the width of the galleries does not exceed

	
	3m
	3.6m
	4.2m
	4.8m

	The distance between centers of adjacent pillars shall not be less than

	Not exceeding 60m
	12
	15
	18
	19.5

	Between 60-90m
	13.5
	16.5
	19.5
	21

	Between 90-150m
	16.5
	19.5
	22.5
	25.5

	Between 150-240m
	22.5
	25.5
	30.5
	34.5

	Between 240-360m
	28.5
	34
	39.5
	45

	Exceeding 360m
	39
	42
	45
	45



The load on the pillar, P is therefore,
 P=(Lp+Wo) * (Wp+Wo)Y*g*h
Where yg is the weight of the rock per unit volume and h is the depth of the pillar. The stress on the pillar σp  is;
σP =P/ Area of pillar = [( Lp+Wo)*(Wp+Wo)y*g*h]/[Lp+Wp]
=[(Lp+Wo)*(Wp+Wo)*σv]/Lp+Wp]
       Where σvis the vertical stress ygh. Another formula that works is
σP=1.1*h*[(Lp + Wo)*(Wp + Wo)/(Lp + Wp)]
Conclusion:Thus the design of underground mine plan is done by considering the strata profile and condition of roof and floor.
Result:Thus an underground mine plan is designed by considering all the parameters.































EXPERIMENT-11

To draw the plan view of the dump and calculate its volume.
Aim:
To design safe Open pit dump as per specified dimensions taking into consideration the statutory requirements. To draw the plan view of the dump and calculates its volume
Design Specifications:
i. Length of the dump 600m 
ii. Width of the dump 400m 
iii. Height of a single lift 20m 
iv. Total No : of lifts : 2 
v. Width of the berm 40m 
Procedure:
1. The plan of the dump as per the specified dimensions is hand drawn on a graph sheet 
2. A suitable scale is chosen 
3. All the dimensions are plotted on the graph sheet 
4. The design is now drawn on the CAD package with the graph sheet as reference
Observations and Calculations:
The base area of the bottom lift is measured / calculated – say for example A1 m2
The top area of the bottom lift is measured / calculated – say for example A2 m2
The Average of the bottom area is calculated as (A1 +A2)/2 - say for example A3 m2
The volume of the base lift is calculated by multiplying the average area by height of the lift- (A3 *20) m3
The procedure is repeated for the subsequent lifts. The sum of the volumes of the individual lifts gives the total volume of the dump.

	SL
No
	Bottom Area
	Top Area
	Average
Area
(m2)
	Height
of lift
(m)
	Volume
(mm3)
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Length
(m)
	Width
(m)
	
	Area
(m2)
	Length
(m)
	
	Width
(m)
	
	Area
(m2)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bottom
Lift
	600
	400
	
	240000
	530
	
	330
	
	174900
	207450
	20
	4.15
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2nd Lift
	450
	250
	
	112500
	380
	
	180
	
	68400
	90450
	20
	1.81
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Tot Volume  4.15 +1.81 = 5.96 Million m3
	
	
	


[bookmark: page3]Safety Provisions & Precautions in designing Dumps and Open Pit Slopes:


Rock slope stability analyses are routinely performed and directed towards assessing the safe and functional design of excavated slopes.
In general, the primary objectives of rock slope stability analyses are:
· To determine the rock slope stability conditions; 
· To investigate potential failure mechanisms; 
· To determine the slopes sensitivity/susceptibility to different triggering mechanisms; 
· To test and compare different support and stabilization options; and 
· To design optimal excavated slopes in terms of safety, reliability and economics 

Factors affecting Slope Stability

A. Geological discontinuities 
· Nature of occurrence 
· Orientation and position in space 
· Continuity 
· Surface asperities 
· Genetic type 
· Gauge 
B. Properties of rock mass 
C. Ground water and hydrology 
· Direct effect of water pressure 
· Indirect effect of water pressure 
D. Mineralogy, lithology and weathering 
E. Regional stresses 

Economic Impacts Associated With an Unstable Slope
1. Loss of production.
2. Extra stripping cost for recovery and handling of failed material. 
3. Cost of cleaning of the area. 
4. Cost associated with the rerouting the haul roads. 
5. Risk of production delays.

Results:
The dump as per the specified dimensions is designed; the plan view is drawn and the volume calculated as 5.61 Million m3
[bookmark: page4]EXPERIMENT-12

To draw the section of the dump design

Aim:To draw the section view of an Open Pit dump

Design Specifications:

A. Length of the dump 600m 

B. Width of the dump 400m 

C. Height of a single lift 20m 

D. Total No : of lifts -2 

E. Width of the berm 40m 

Procedure:

1. The plan of the dump as per the specified dimensions is hand drawn on a graph sheet

2. A suitable scale is chosen

3. The section line A-A’ is drawn

4. The crest and toe positions are projected to get the corresponding section view

5. The section view is completed

6. All the dimensions are plotted on the graph sheet

7. The design is now drawn on the CAD package with the graph sheet as reference


Results:
The section view of the dump is drawn and A4 printout is taken for record purpose

[bookmark: page6]
EXPERIMENT- 13

Aim:To design an open cast Coal mine as per the specified conditions and to draw the plan view of the layout
Problem Statement:
A coal seam 8m thick; dipping at 1 in 60 due North and lying at a depth of 18m from the surface is proposed to be worked by Open Cast method. The topography of the surface is relatively flat and the mean average elevation of the ground surface is 124m. Design and draw the layout assuming your own conditions.
Objective
To design an open cast mine as per the specified conditions; to draw the plan view of the layout
Design Specifications including assumptions

1. Thickness of the Coal Seam 8m 

2. Gradient 1in 60 due North 

3. Average Surface elevation 124m 

4. Depth of the seam 18m 

5. Surface Bench height 6m (Assumptions) 

6. Surface Bench width 45m ( Assumptions) 

7. Subsequent Benches – Height 12m and Width 60m ( Assumptions) 

8. Strike length 1200m 

9. Width of the Coal bench 60m 


Procedure:
The design and layout is drawn on the Graph sheet as per the following procedure
· A suitable scale is chosen 	
· Seam is dipping at 1in 60 due North 
· The surface Bench crest is drawn up to a length of 1200m (Strike Length) in the E-W direction. 
· The surface bench crest is projected at a slope angle of 65 to get the toe Line. 
· [bookmark: page7]The Berm width of 45m for the surface bench is added 
· The procedure is repeated for the subsequent benches and coal bench as well 
· The layout is completed 
· All the dimensions are marked 
· The procedure is repeated on the CAD package with the graph sheet as reference. 

Results:
The layout of the Open Cast coal mine is drawn and an A4 print of suitable scale is taken for record purpose.

[bookmark: page8]EXPERIMENT- 14

Aim:To draw the longitudinal section of the Open cast mine design
Problem Statement:
A coal seam 8m thick; dipping at 1 in 60 due North and lying at a depth of 18m from the surface is proposed to be worked by Open Cast method. The topography of the surface is relatively flat and the mean average elevation of the ground surface is 124m. Design and draw the longitudinal section assuming your own conditions.
Objective: To draw the longitudinal section of the Open cast mine designed inPractical 
Design Specifications including assumptions

1. Thickness of the Coal Seam 8m
2. Gradient 1in 60 due North
3. Average Surface elevation 124m
4. Depth of the seam 18m
5. Surface Bench height 6m (Assumptions)
6. Surface Bench width 45m ( Assumptions)
7. Subsequent Benches – Height 12m and Width 60m ( Assumptions)
8. Strike length 1200m
9. Width of the Coal bench 60m
Procedure:
The Longitudinal section is drawn on the Graph sheet as per the following procedure
1. A suitable scale is chosen 
2. The Longitudinal section line A-A’ is drawn on the Plan 
3. The surface bench crest and Toe positions are projected on to the section. 
4. The procedure is repeated for the subsequent benches and coal bench as well 
5. The layout is completed 
6. All the dimensions are marked 
7. The procedure is repeated on the CAD package with the graph sheet as reference. 
Results:
The Longitudinal section is drawn and an A4 print of suitable scale is taken for record purpose

[bookmark: page9]EXPERIMENT-15

Aim:To draw the surface contour by arithmetic interpolation of spot heights
Objective:To draw the surface contour by arithmetic interpolation of spot heights
Definition of Contour:
An imaginary line on the ground surface joining the points of equal elevation is known as contour. A map showing contour lines is known as Contour map.
Purpose of Contouring:
Contour survey is carried out at the starting of anyengineering project such as a road, a railway, a canal, a dam, a building etc.
Contour Interval:
The constant vertical distance between two consecutive contoursis called the contour interval.
Observations & Calculations:
Contouring by squares:In this method, the whole area is divided into number ofsquares, the side of which may vary from 5m to 30m depending upon the nature of the ground and the contour interval.
[image: ]














Figure: Demonstration of contouring by squares.
[bookmark: page10]Interpolation of Contour:
· Suppose A and B are two points at a distance of 30 m and the reduced level of A and B are 25.45m and 27.54m respectively .
· Taking the contour interval as 1m, 26 and 27 m contours may be interpolated in between A and B. 
· The difference of level between A and B is 2.09m.the difference of level between A and 26m; A and 27m is 0.55mand 1.55 m respectively.
· Therefore the horizontal distance between A and 26 m contour =0.55/2.09 x 30m and Between A and 27 m contour =1.55/2.09 x 30m.
[image: ]














Figure: Demonstration of contours interpolation.
Conclusion and Results:	
[bookmark: page5]Contour lines are drawn as fine and smooth free hand curved lines. Sometimes they are represented by broken lines .They are inked in either in black or brown colour Every fifth contour is made thicker than the rest. The surface elevations are contoured and the results presented.
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E. Pit design

For deeper mines flatter highwall slopes will be necessary from safety point of
view (for 35 T dumpers & above)
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E. Pit design E Contd.

For deeper mines flatter highwall slopes will be necessary from safety point of
view (dumpers below 35T capacity)
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