In any open cast bench blasting, the factors that influence the quality of output are : 


Controllable : 



• Hole dia, 
• Burden, 
• Spacing, 
• B/S ratio, 
• Depth, 
• Bench height, 
• Subgrade, 
• Stemming height, 
• Stemming.material,
• Pattern of drilling, 
• Size of the blast,
• Blast direction, 
• Inclination of holes, 
• Initiating system, 
• Initiation sequence, 
• Free face, 
• Type / energy of explosives, 
• Charge geometry, 
• Method of loading explosives, 
• Presence of water



Uncontrollable :



• Geology of rocks, 
• Material strengths & properties, 
• Structural discontinuities, 
• Weather conditions, 
• Water 






The outputs of any blast are :


• Fragmentation
• Muck pile displacement
• Muck pile profile
• Ground vibrations
• Air blast
• Back & side breaks
• Oversized fragments
• Fly rock/ misfires etc.

The success of any blast lies in maximizing the desired parameters like quality of fragmentation, muck pile displacement, profile while minimizing the unwanted outputs like ground vibrations, air blast, back & side breaks, oversized fragments, flyrocks/misfires etc.

Basics of any blast design:

• Hole dia ( H/5 inches - H in ft )

Should be roughly equal to H/5 inches where H is the height of the bench planned in feet. For example for 30’ benches the hole dia should be a minimum of 6 inches. For 50’ benches the hole dia should be around 10 inches.

• Burden ( 20 – 35 D)

It is around 20 to 35 times the diameter of the hole. A burden factor of 20 is used for hard formations, 30 for medium hard conditions and 35 for medium hard to soft conditions. For hard formations using 12.25 inches the burden should be around 6.2 mts. In case of soft conditions, it can go upto 10.5 mts and for medium hard it should be around 9.0 mts.

• Spacing ( 1 – 2 B; opt. 1.25B)

The spacing between holes is to be kept equal to burden or a maximum of twice the burden. In most cases a spacing of 1.25 is used. However, if the holes are drilled in a pattern of equilateral triangle so that area of influence of every hole covers maximum area to be blasted the spacing equals 1.15 B. or 0.866 times spacing equals the burden. 

• Height ( 2 B ) never less than B

The bench height can be upto twice the burden. If the rock is stiffer, the height of the bench is to be increased to allow adequate bending moment and break the rock effectively. In no case the bench height should be less than B. 

• Subgrade ( 0.2 – 0.5 B)

It should be 20 to 50% of burden. The optimum figure is around 30% for normal toe conditions.




• Stemming ( 0.7 – 1.3 B) 

The stemming should be 70 to 130% of Burden. If the collar area of a hole is hard the height of stemming can be upto 50% of the burden. If there is loose formation in the collar zone, the stemming height could be increased upto 1.3 times the burden. An optimum figure of 70% is preferred in normal bench blasting conditions.


• Stemming material (Mtl 2-5% of dia, gravel)

This is another important factor which determines the quality of blast. Use of drill cuttings to stem the holes is only a compromise. For effective capping of high pressure gases the material should be coarse with a size composition varying from 2 to 5% of the diameter of hole. Gravel of required size is the best option. Temping of gravel should be avoided while stemming holes.

• Loading density(0.0007857xD2µxCf)

The loading density usually expressed in kgs/mtr is estimated by multiplying square of the diameter D in mm & the density of explosives with a factor 0.0007857 and coupling factor for hole of any size. For bulk explosives the coupling factor is taken as 1.0. In case of packaged explosives the coupling factor may vary from 0.80 to 0.90. The factor is higher in case of slitting of cartridges. 

The optimum average down the hole density for slurry explosives with a weight strength ranging from 0.80 to 1.04 (Considering ANFO’s weight strength as 1.0 with an energy of 830 Kcals/kg of energy) is 1.15 g/cc. The cup density (as measured in a cylindrical cup at atmospheric pressure) is chosen between 0.8 – 1.25 g/cc depending on the hole depth and water column, if any so that the bottommost density does not exceed the critical density of the explosives. The critical density for slurries is around 1.28 g/cc. For emulsions it may go up to 1.35 g/cc. The emulsion explosives are usually high density products with cup density varying from 0.95 to 1.25 g/cc. Therefore the loading density with emulsions in a similar blast design is always higher by around 10%.

• Decking (soft zones, distribution of energy, vibration control) Min.deck : 6xD

Placing decked charges is another practice adopted for various reasons which include: avoiding explosive charge in soft/disturbed zones, better distribution of energy, and for control of vibrations. The decked charges could be given different timings while firing the shot to minimize maximum charge per delay. Whenever a deck is given using drill cuttings or gravel it should be for a minimum height of six times the dia of hole to ensure adequate separation of charges.

• Powder factor(Cum or Tons per Kg)

No blast will be successful if it is designed exclusively based on powder factor. However, it is a good indicator of the quantity of rock broken for a given charge. The factors like strength of explosive, geology of rock, variations in hardness within the hole, presence of water, desired degree of fragmentation & throw of muck pile, structures to be protected within the vicinity and other statutory compliances in respect of control of ground vibrations, flyrock and air blast determine the actual quantity of explosive used in each shot hole. Powder factor should not be regulated by varying the heights of stemming column in holes. Once designed, the stemming height should be more or less equal in all holes fired in a bench. 




• Specific Charge or Charge factor (Kg per Cum or Ton)

This is reciprocal of powder factor. The design of charge factor for a particular rock type is largely governed by the experience in blasting over a period of time. The charge factor may vary from 0.20 to 1.0 kg/Cum for various rock types with different densities. 

• Energy Factor (Kcal/Cum or Ton)

It is the energy of explosives used per unit volume or weight of rock broken, expressed in Kilocalories/Cum or Ton. It is always a better practice to design blasts using energy factor. As the explosives of various types have different energies ranging from 600 Kcals/kg to 1200 Kcals/kg , it is possible to match the required energy levels varying from 100 Kcals/Ton to 300 Kcals/ton. While arriving at the energy factor for a particular rock type, extensive trials are necessary over a considerably long period. This experience can be gainfully used in blast designs. 

• Bottom Charge ( 0.3-0.5 B+Subgrade)

In case of decked charges, the bottom charge in each hole should be given up to a height of 30-50% of the burden plus subgrade, followed by a deck length for 6 diameters and the subsequent charges as per required design. If the toe burden in a particular blast is excessively high, it is advisable to drill additional holes in between the main holes and load only bottom charge in those holes to ensure effective movement of toe. Alternatively, inclined holes (or horizontal toe holes) could be drilled to the extent permissible to ensure elimination of toe burden. 

• Pre-splitting 

Pre-splitting is resorted to when there is a requirement to control the overbreak after blasting beyond a certain zone thereby ensuring smooth breakage up to the desired line. It is also done to minimize the impact of ground vibrations on the other side of the pre-split line. The charges in pre-split holes are fired in advance of the main/production blast. 

The pre-split holes are usually of a lesser diameter compared to main holes and are spaced 6 to 10 times the diameter of the hole. The pre-split line is spaced at 0.5 times the burden of main holes. 

• Drilling patterns/ Firing sequences 

The following types of drilling patterns are practiced for production blasts.

1. Square : Preferred in case of initiation in V-pattern/ Echelon pattern
2. Staggered or triangular : Row by row initiation is adopted in these patterns.
3. Rectangular : Suitable where it is necessary to increase spacing beyond 1.5B
in relatively soft formations.

The firing sequence practiced is row by row, diagonal or V-pattern (Flat V or Steep V). Row is by row firing is best suited for triangular pattern of drilling. Diagonal firing is practiced to take advantage of two free faces, if available. The firing in V or echelon pattern is suitable for blocks with a single free face and when holes are drilled in square or rectangular patterns. In case of V patterns the length of plane of shear is increased resulting in better fragmentation except for the holes falling in the apex where there is no change in firing burden. To overcome this problem, the holes in apex could be charged with higher quantity or stronger explosives.





The delay between rows or for holes within the same row is a function of the burden on each row. Enough time is necessary for the shock waves to reach the free face ( or freshly created free face by the holes ahead) and reflect back as tensile waves. Therefore higher the burden, higher should be the delay. It should vary between 6 milliseconds to 19 milliseconds per meter of burden. Lower delay is used for relatively hard rocks and higher figure for medium hard to soft rocks. In multi-row shooting, the delay could be increased for firing rows after the fourth or fifth row from free face. 

Types of explosives :

Supply unit :
• Packaged ( in 25 kg lots)
• Bulk explosives ( supplied in trucks varying from 5 MT to 14 MT in one consignment)

Technology:
• Nitrate mixtures ( ANFO/Heavy ANFO/Slurry/ Emulsion explosives)
• Nitro-glycerine based explosives ( Presently banned in most countries)
• Mono-methyl amine/ Nitro-carbo nitrate based explosives
• RDX (Special applications-shaped charges)
• HMX (military purposes)
• LOX (liquid oxygen)

Diameter :
• Small dia explosives
• Large dia explosives 

Function :
• Primary (Initiating/ boosting) - PETN/TNT which are molecular explosives
• Blasting agents – ANFO/slurry/emulsion explosives 

Slurry Vs Emulsion explosives :

The slurry explosives are watergels manufactured by dissolving nitrate salts in water and thickening them to form a gel while mixing with fuel oil and sensitizers. Emulsions are formed by blending the oxidiser solution with fuel phase in the presence of an emulsifier ( sorbiton mono oleate, soya lecithin etc). The density control in both the cases can be done either through chemical means ( adding a gassing agent in traces) or by solids like perlite, micro-balloons or by adding around 30% of AN prills. Though emulsions are latest in technological terms, they are essentially high density products with great loading density compared to slurries. The initiation in both the cases is through cast boosters generating ‘hot spots’ where adiabatic compression of gas/void space results in incandescence leading to detonation of explosive. 

Bulk slurry or emulsion explosives save lot of costs on account of cost of inventory, magazine space, manpower to load explosives and the time saved in carrying out blasts. Above all the explosives are safe, pilfer proof and can be tailor made to suit any rock type. 












WRITE UP ON BULK EXPLOSIVES :

1. Definition
2. Explosive formation
3. Properties of explosives
4. Chemicals used and function
5. How the bulk explosives are manufactured
6. Delivery to site
7. Safety features in the system

1. DEFINITION:

An explosive is any substance that is capable of instant conversion to huge volume of gases on detonation. The volume of gases generated varies from one explosive type to the other.

2. EXPLOSIVE, HOW IT IS FORMED ?

For any explosive to be formed, the basic ingredients are 
• Oxidiser
• Fuel
• Sensitizer

The oxygen released by the oxidizer is utilized by the fuel to undergo oxidation. The sensitizer is the substance which enhances the property of the sensitivity of explosive. An explosive can be formed using simple chemicals like ammonium nitrate prills and diesel oil. A mixture of 94% of AN prills and 6% of fuel like High Speed Diesel can form an explosive mixture. This is known as Ammonium Nitrate fuel oil mixture or ANFO which is widely used for blasting in the mining industry be it a quarry or a big open cast mine.

3. PROPERTIES OF BULK EXPLOSIVES 

The following properties of bulk explosives are considered important.

Density of the product : slurry : 0.60 - 1.15 emulsion : 0.95 – 1.25

Weight strength : slurry or emulsion : 0.90 to 1.10 (ANFO=1)

Bulk strength : slurry or emulsion : 1.0 to 1.40 

V.O.D : slurry or emulsion: 4500 to 5500 mts/sec.(in the hole)

Critical diameter : bulk explosives : 100 mm 

Critical booster: -do- Minimum booster is 250 gms

Sleeping time in bore hole: slurry : upto 30 days emulsion : upto 40 days

Energy of the products : bulk explosives : 600 Kcals/kg to 1100 Kcals/kg

Sensitivity to impact/friction/fire : bulk explosives: Not sensitive 

4. CHEMICALS USED IN MANUFACTURE AND THEIR FUNCTION:

Site mixed slurry explosives : The site mixed slurry explosives are ‘water gels’ formed by adding water to Ammonium Nitrate ( the major oxidizer) and thickening it with agents like guar gum and other solids. The following chemicals are generally used in SMS:




Function Chemical used

Oxidiser : Ammonium Nitrate, Calcium Nitrate (Sodium Nitrate, Zinc Nitrate etc)

Fuel : High speed diesel, Furnace oil, Aluminium powder (+as sensitizer) 
Sulphur. 

Sensitizer: Aluminium powder, Gas bubbles (rarely micro balloons)

Gassing agent : Aqueous solution of sodium nitrite (this generates N2 gas bubbles)

Cross-linking agent: Acidic solution of sodium dichromate 

Thickener : Guar gum 

Crystal habit modifier: Mono-methyl sodium sulphonate (one type of detergent) 

Catalyst : Thio-urea ( to speed up formation of gas bubbles)

The function of oxidizer is to give oxygen while the fuel receives this oxygen and gets oxidized. However, this process takes place within few milliseconds of the actual detonation. The sensitizer Aluminium powder helps in increasing the thermal energy of the product and also enhances the brisance or shock energy of the product. The heat generated by added aluminium also expands the gas bubble formed by the reaction. The gassing agent viz sodium nitrite used is meant for generation of microscopic gas bubbles throughout the product. These gas bubbles act as agents for hot spot initiation. The purpose of cross-linking agent is to ensure that a consistent gel is formed on reaction with the guar gum present in the explosive mixture. This ensures binding of all the constituents viz solids and liquids together for better reaction. The thickener present in the explosive also helps in cross-linking as well as gel formation. Once gelling is completed, the particles of oxidizer and the fuel are trapped in the mixture. The crystal habit modifier is added while manufacturing bulk slurry to ensure that the oxidizer being at a temperature of around 70 deg C does not form large crystals on cooling it to ambient conditions found in bore holes. The crystals formed without the addition of this crystal habit modifier will be large and lumpy and may not participate in the reaction correctly. With the addition of CHM, very small and needle like crystals of oxidizer are formed which can react well with the fuel and ensure better explosive performance.


Site mixed emulsions or repumpable emulsions: The explosive matrix is formed by preparation of a mixture of either ‘water in oil’ or ‘oil in water’ type emulsions. In the case of water in oil, which are generally used for manufacture of explosives, the water medium consisting of oxidizer liquor is split in to very fine droplets through high speed shearing and allowed to surround by a thin film of oil ‘the fuel’ in the presence of an emulsifying agent. 

The following chemicals are generally used in emulsions, simple or doped.

Function Chemical used 

Oxidiser Ammonium Nitrate, Calcium Nitrate, Sodium Nitrate, Zinc nitrate etc

Fuel High speed diesel, furnace oil 

Addition of energy Doping by addition of AN prills and addition of Al powder.

Gassing agent Sodium nitrite solution, microscopic glass balloons, microperlite




Emulsifying agent Sorbitan mono oleate, soya lecithin, olive oil, etc.

Catalyst Thio urea is used as catalyst by some manufacturers

It may be noted that no thickener, crystal habit modifier or cross-linking agent are required in the case of emulsion explosives. However, as the oxidizer solution in water form held by the oil film is a super cooled liquid, there is a tendency for the emulsions to break easily in case of contact with very fine particles like dust, flowing over sharp objects or usage of weak emulsifier. The actual process differs from one manufacturer to other.

The addition of AN prills to the tune of 0 – 20% can be termed as ‘doping’ since the major part is occupied by emulsion. The mixture of ANFO to the tune of 50% or higher is termed as heavy ANFO where the emulsion is restricted to as low as 20%. The use of heavy ANFO is practiced in wet holes where use of only ANFO is prohibitive on account of poor or no water resistance of ANFO. The water resistance of emulsions is slightly better than that of slurries. 



5. HOW ARE THE BULK EXPLOSIVES MANUFACTURED ?

The bulk SMS explosives are manufactured by adding water to Ammonium nitrate and other oxidizer materials. Major portion of the SMS explosives or emulsion explosives is ammonium nitrate which may vary from 55 – 70% by weight. 

The liquor is then heated upto 70 deg C and the properties like concentration of oxidizer and the pH value are maintained. Later the chemicals like crystal habit modifier, thiourea and guar gum are added. This forms oxidizer solution which is thicker than liquor and is ready for direct loading in to the pump truck.

The cross linking and gassing agents are formed by dissolving proportionate amounts of water and sodium nitrite, nitric acid and sodium dichromate. Very small quantities of these ingredients are mixed at site. For this reason they are also called as trace ingredients. 

The other ingredients like diesel, aluminium powder and sulphur are directly loaded in to the pumptrucks. 

The truck is then taken to the site where bore holes are ready for loading. The ingredients which are all non-explosive upto the site are then mixed in a mixing chamber and pumped in a semi liquid form in to the bore holes. 

As for emulsion explosives, there can be two types of manufacture process involved. 

a) site mixed emulsion explosives
b) Repumpable emulsion explosives

As the name suggests in the case of site mixed emulsions the actual manufacture of emulsion takes place on site where as in the case of repumpable emulsions the major manufacturing activity is completed at the plant. 

The site mixed emulsion explosives are manufactured by addition of oxidizer, water and a catalyst to form liquor at 70 deg C. 





A separate fuel phase is prepared by adding high speed diesel, furnace oil, soya lecithin and sorbitan mono oleate. These two ingredients along with gassing agent viz aquesous solution of sodium nitrite are loaded in to the truck. In case of non-chemical gassing use perlite powder/microballoons is also in practice. The loading of aluminium powder and prills depends on the field requirements. For soft to medium hard strata conditions, these ingredients can be avoided. 

At the site, the liquor and fuel phase are let into a blender and mixed at very high speeds to produce emulsion. The gassing agent/perilte powder, aluminium powder and prills are added as required to this emulsion. However in case of repumpable emulsions only gassing agent is required to be added at the site. The addition of aluminium or prills is a need based activity. 


6. DELIVERY AT SITE:


The actual delivery of explosives at site is done by the specially designed pumptruck. In the case of SMS, there are various hydraulic pumps fitted on the pumper body to draw the oxidizer solution, fuel, aluminium, sulphur, trace ingredients in definite proportions, mix them in the mixing chamber and pump them through a screw pump in to bore holes through a long slurry hose. 

The rotation of hydraulic pumps is governed by the flow of hydraulic oil which in turn is controlled through different sets of menatral valves. There are three sets of menatral valves to ensure delivery of three different products any point of time as per calibration done at support plant. The control panel fitted on the pumper unit has counters and totalizers to monitor the quantity being delivered and also act on the menatral valve circuits for regulation fo the speeds of hydraulic motors. 

In case of watery holes, the hose is inserted right upto the bottom of the holes so that the explosive matrix can slowly replace the water column. 

The speeds of pumping in SMS trucks vary from 150 kgs to 230 kgs per minute. In case of emulsions relatively slower pumping rates are observed. For the gassing and gelling to be completed it may take about 5 to 10 minutes in case of SMS explosives. The bore holes are stemmed only after waiting for about 10 minutes for each hole. 

The pumping of emulsions is also similar to that of SMS except for the ingredients used. The chemically gassed emulsions may take more time viz upto 40 – 50 minutes for completion of gassing within the bore holes, particularly so when the emulsion is colder. In some cases acetic acid is used to accelerate the gassing process in emulsions. 


7. SAFETY FEATURES IN BULK DELIVERY SYSTEMS:


The following safety features are generally observed in bulk explosive delivery systems:

Feature Purpose

Non-explosive ingredients To handle only non-explosives up to the site of loading. 
Therefore very safe to transport. 

Low sensitivity Cannot be initiated with fire, friction, heat, bullet-fire test etc to 
ensure absolute safety in handling.





Hose diameter low The hose diameter is deliberately kept low at 1.5 to 2.0 
inches to ensure that any explosive within the hose is well below its critical diameter of 100 mm. Therefore there is no chance of any detonation at diameters below this size. 

Earthing chain This chain is used to discharge static electricity, if any on the 
pumper body.

Direct delivery in to holes At no point of time prepared explosive is available on 
surface. Hence absolutely pilfer proof. 

Slow gassing time The gassing time is so low that the explosive nature is
acquired by the mixture only after pumping in to the hole and 
waiting for a few minutes. 

Large capacity in each trip The explosive ingredients are ready to be manufactured as
per actual requirement. 



Techniques of Controlled Blasting - Presentation Transcript
1. TECHNIQUES OF CONTROLLED BLASTING TO IMPROVE OVERALL ENVIRONMENTAL & SAFETY STANDARD *** MEANS TO MITIGATE ADVERSE IMPACT OF BLASTING IN OPEN PITS, QUARRIES, TUNNELS, UG METAL MINES AND CONSTRUCTION WORKINGS Partha Das Sharma (sharmapd1@gmail.com), website: http://miningandblasting.wordpress.com/ 
2. In both the mining and construction industries, blasting is the predominant method for fragmentation of consolidated mineral deposits and rocks. The public relation problems of users of explosives have increased greatly in the past few years as explosives are being consumed in increasing quantities. Increased population and spread of urbanization near to the construction & mining sites have affected more people by blasting. 2 
3. Controlled blasting methods are used to control adverse impacts such as: Over-break Reduce ground vibrations Reduce fractures within remaining rock walls Reduce noise Reduce dilution / waste of ore etc. 3 
4. Following are the techniques of controlled blasting: Line drilling, Trim (Cushion) blasting, Smooth (contour or perimeter) blasting, Pre-splitting, Selecting and employing various parameters of blast design, using modern technology, Precise and accurate timing delays, Muffle blasting at critical and congested areas. 4 
5. Line drilling: This system involves a single row of closely spaced uncharged holes along the neat excavation line. This provides a plane of weakness to which the primary blast can break. It also causes some of the shock waves generated by the blast to be reflected, which reduces shattering and stressing in the finished wall of the host rock. Line drill holes are generally percussive hammer holes having spaced two to four times the hole diameter, drilled along the excavation line. The blast holes directly adjacent to the line drill holes (buffer holes) are generally loaded lighter (about 50% of primary holes) and are closely spaced (about 50 to 75 %) than primary holes. This technique gives maximum protection to the host rock to preserve its original strength. The disadvantage of this system is high drilling cost due to closed spacing and results are often unsatisfactory because of poor hole alignment. 5 
6. Trim (Cushion) blasting : Like line drilling trim or cushion blasting involves a single row of holes along the specified final excavation line. This technique generally uses 2 to 4 inch diameter holes. Holes are loaded with light charge, well-distributed, completely stemmed and fired after the main excavation is removed. By firing the trim holes with minimum or no delay between holes, the detonation tend to shear the rock web between holes and give a smooth wall with minimum over-break. It is better to put trim holes just before removing the final berm. As compare to line drilling technique trim or cushion blasting is simpler and economical as increased hole spacing are used. 6 
7. Smooth (contour or perimeter) blasting: A technique used mostly in underground blasting, closely spaced drill holes are loaded with decoupled charges and fired simultaneously to produce an excavation contour without fracturing or damaging the rock behind or adjacent to the blasted face. For promoting safety and economy in underground workings, performance of blasting in headings, drivages, tunnels and stopes becomes very important factor. An ideal blast results in a minimum of damage to the host rock with minimum of over-break. Perimeter or contour holes are drilled along specified final excavation limits and are lightly loaded than that of buffer holes and production holes. The spacing is kept closer than buffer holes and production holes. As a thumb rule 10 to 12 times hole diameter in medium to tough rock and 5 to 6 times hole diameter in poor, fragmented rock are kept as spacing. 7 
8. Example: Blast damage and overbreak in Tunneling Results of Controlled Blast: Smooth walls, Minimal fractures, Minimal overbreak, 8 Less support required, Better economy & safety. 
9. Charging for Smooth (contour or perimeter) blasting in Tunneling: 9 
10. Pre-splitting: Pre-splitting is the smooth blasting method in which cracks for the final contour are created by blasting prior to the drilling of the rest of the holes for the blast pattern. This is an effective way of restricting back-break and ground vibration in large open pit, quarry blasting. Pre-splitting helps in isolating blasting area from remaining rock mass by creating an artificial discontinuity along the final designed excavation line / plane against which subsequent main blast breaks. A row of holes are drilled at the periphery (three sides) of the main blasting block at a closer spacing, charged with lesser quantity of explosives than the production blast and blasted prior to the main blast in an effort to create a fractured line and a reflective plane at the excavation limit or plane. Some of the shock waves from subsequent main blast are reflected at the pre-split plane which results in arresting a considerable portion of blast induced ground vibration generated in the main blast to propagate. 10 
11. Principle of Pre-splitting 11 
12. CHARGING OF PRE-SPLIT AND PRODUCTION HOLES12 
13. Muffle blasting: Fly-rock is another important adverse impact of blasting operations, specially, when conducted in the vicinity of dense human habitation / congested areas. Muffling or covering of blast holes properly before blasting, is the common solution to prevent fly-rock from damaging human habitants and structures. Generally, mat or mesh (40 mm x 40 mm size) made of preferably of locally available steel ropes (5 to 6 mm) are used for muffling purpose. Sand bags weighing 40 to 50 kg are kept over the mesh at an interval of 3 m. Efficiency of arresting of fly-rock depends mainly on the quality of muffling system implemented. 13 
14. Using millisecond delay sequence and use of in-hole delays in decks: Delay blasting (with millisecond delays) permits to divide the shot into smaller charges, which are detonated in a predetermined millisecond sequence at specific time intervals. Millisecond delay initiation of the explosive charge is a technique used in most open pit, quarry, tunnel and underground rock blasting operations. It serves to enhance fragmentation and direct rock movement for increasing productivity. The major advantages of delay blasting are: (i) Improved fragmentation, (ii) Reduction of ground vibrations and air blast, (iii) Reduction of over-break and fly-rock, (iv) Improved productivity and lower cost. Charge weight per delay is the most important parameter for controlling blast induced ground vibration and air-blast. 14 
15. In-hole Delay blasting in Open-pits for reduction of Ground Vibration: 15 
16. Surface connection of In-hole Delay blasting in Open-pits: 16 
17. Blasting Ring with deck & In-hole delays in UG metal mines: 17 
18. ‘Signature-Hole’ Blast Analysis for Vibration Control by using Accurate Delay Timing Electronic Detonator System: Structural response to blast-induced ground vibration is a phenomenon that has been analyzed for many years. Residential structure’s level of response to blast induced ground vibration is dependent on both the peak particle velocity and the frequency of the waveform. Researchers have shown that, above ground structures resonate whenever they are excited by a vibration containing adequate energy matching the fundamental frequency of the structure. The value of this frequency is mainly dependent upon the mass, height and stiffness of the structure. The maximum response of a house to blast induced ground vibration occurs whenever the frequency of the ground vibration matches the natural resonant frequency of the house. When little or no energy at the resonant frequency of the structure, the structural response to the vibration will be negligible. 18 
19. A method of controlling blast vibrations other than by modifying the scaled distance came into use some time ago. The crucial point of the methodology is the use of a pilot-blast signal which takes account of the seismic properties of all complex geology between the blast and the target locations. Therefore, it does not require any geological model or assumption. The delay interval between blast-holes can be chosen to control and minimize the vibration energy within the structural response band of most houses. Studies had indicated that blast vibration could be simulated by detonating a “Signature Hole” with the vibration monitored at critical locations, and then using a computer to superpose the waveforms with varying delays. By choosing delay times (∆t) that create ‘destructive interference’ at frequencies that are favored by the local geology, the “ringing” vibration that excites structural elements in structures, houses and annoys neighbors could be reduced. 19 
20. 20 
21. In this method, accurate delay times are crucial to effective vibration control, scatter in the firing times limited the method severely. Electronic detonators have scatter less than a millisecond. In light of all these, researchers have started finding both limitations and new potential of this new technique of controlling blast vibration. 21 
22. In other words, “Signature Hole Analysis” is a modeling technique, to help control adverse effects of blast induced vibrations. The process involves controlling the frequency content by adjusting delay times within a blast containing several explosive charges. The risk to adjacent structures is thereby mitigated. Thus, with the growing adoption rate of electronic initiation systems as a tool to control nuisance of vibrations, the modeling techniques are becoming more popular. M/s Instantel has recently developed and launched a ‘Signature Hole Analysis’ software tool, which allows users to simulate a large number of charge delay times very quickly. The software, in fact, is a modeling technique used to help predict and control blast induced vibrations. 22 
23. Advantages of the technique, ‘Signature Hole Blast Analysis’, for Vibration Control: This technique provides optimum electronic timing while maintaining high level of production with efficiency by raising quantity of explosives per delay (kg/delay) and provide overall structural safety of blast surroundings. Blast with shorted duration results in mitigating effects of blast induced vibration. Therefore, as post-blast vibrations are reduced by raising frequencies, much larger blasts can be undertaken with better operational performance, without compromising stringent safety standards of environment. Thus, Signature Hole Analysis software tool available can be used to help optimize and improve overall operational efficiency. It has also been observed that this vibration control method is feasible for underground mining ring blasts as well. 23 
24. By adopting these precautions The ground vibration is restricted to ease the public relation problem, The mines’ / construction’s techno- economics are improved, Preservation of host rock strength and safety standard are improved to a considerable level 24 
25. As far as possible modern techniques and equipments are also to be used in order to mitigate the adverse blast effects Regular monitoring is needed Training to the blasting supervisors on controlled blasting techniques is very much essential. 25 
26. THANK YOU 26 

