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Abstract:The Main objective is to study the blast vibration which is generated by the surface mine blasting 

operation and to predict the equation for the safe explosive charge so that surface structures can be protected from 

the impact of the blast vibration which includes activities like: Drilling Parameters like_ Depth of the hole, Spacing, 

Burden and Sub grade drilling, Selection of explosives, Blasting pattern/Firing sequence, Control the Fly rock 

generation Controlled Blasting Techniques, Monitoring the Blast induced ground vibrations. 

I.INTRODUCTION 

Drilling and blasting combination is still an economical and viable method for rock excavation and 

displacement in mining as well as in civil construction works. The adverse effects of blasting, i.e. ground vibrations, 

air blasts, fly rocks, back breaks, noises, etc. are not avoidable and cannot be completely eliminated but certainly 

minimize up to permissible level to eliminate damage to the surrounding environment with the present structures . 

Among all the adverse effects, ground vibration is a matter of major concern to the planners, designers and 

environmentalists. A number of researchers have suggested several methods to lessen the ground vibration level 

during the blasting operation. Ground vibration directly depends upon the quantity of explosive used and distance 

between blast face to monitoring point as well as geological and geotechnical conditions of the rock units in 

excavation area. 

Blast induced ground vibration is an influence from the use of explosives that has historically been a very difficult 

problem to effectively diminish. Many variables and site constants are involved in the equation that when get 

combined, result in the creation of a complex vibration waveform produced by the confined detonation of an 

explosive charge. The application of proper field controls during all steps of the drilling and blasting operation will 

help to minimize the ill impacts of ground vibrations, providing a well-designed blast plan that has been engineered. 

This design will help in bearing in mind the proper hole diameter and pattern that would reflect the efficient 

utilization and distribution of the explosives energy laden into the blast hole. It would also provide for the 

appropriate amount of time between adjacent holes in a blast to provide the explosive the optimal level of energy 

confinement. When the blast is properly designed, then the parameters that have the greatest effect on the 

composition of the ground vibration waveform are:Geology between the blast site and the monitoring location 

,Accurate timing between blast holes in a detonation sequence 

II.METHODOLGY OF THE STUDY 

Drilling and blasting combination is still an economical and viable method for rock excavation and displacement in 

mining as well as in civil construction works. The ill effects of blasting, i.e. ground vibrations, air blasts, fly 

rocks, back breaks, noises, etc. are unavoidable and cannot be completely eliminated but certainly minimize up 

to permissible level to avoid damage to the surrounding environment with the existing structures . Among all the ill 

effects, ground vibration is major concern to the planners, designers and environmentalists. A number of researchers 

have suggested various methods to minimize the ground vibration level during the blasting. 
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Ground vibration is directly related to the quantity of explosive used and distance between blast face to 

monitoring point as well as geological and geotechnical conditions of the rock units in excavation area. 

 

Blast induced ground vibration is an impact from the use of explosives that has historically been an extremely 

difficult problem to effectively mitigate. There are many variables and site constants involved in the equation 

that when combined, result in the formation of a complex vibration waveform generated by the confined detonation 

of an explosive charge. The application of proper field controls during all steps of the drilling and blasting operation 

will help to minimize the adverse impacts of ground vibrations, providing a well designed blast plan has been 

engineered. 

The parameters that have the greatest effect on the composition of the ground vibration waveform are_ 

• Geology between the blast site and the monitoring location  

• Accurate timing between blast holes in a detonation sequence. 

III.LITERATURE OF THE STUDY 

VARIUOS SATGES OF METHODOLOGY: 

PLANNING OF BLAST GEOMETRY AND DRILL PATTERNS. 

The engineer must select the proper variable to match the specific field conditions during the design of the blast. 

In any opencast blasting the factors that influencing the quality of output are_ 

  Controllable factors, and 

  Un-controllable factors. 

Fig: View of Open pit Mine BLAST PATTERN 

 

 
Fig : Sectional view of Drill hole Parameters 
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Fig : Square/Grid drill pattern 

 

 Staggered pattern:  

 

Fig : Staggered drill pattern 

SEQUENCE OF INITIATION IN SINGLE ROW BLASTING: 

 In single row blasting_ 

 

  The fragmentation is low, and  

 Specific charge is more than the multi-row blasting, 

  The Back Break, Ground vibrations and Fly-rock is Minimum.  

 

 The following delay patterns may be used: 

 

 The alternate delays are used for softer rocks, 

 Consecutive shot delays are used for rock with medium hardness, 

 Short delay firing with a cut is used for hard rocks.  
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IV.BLAST INDUCED GROUND VIBRATION AND CONTROL TECHNIQUES 

MOVEMENT OF PARTICLES BY BLAST INDUCED GROUND VIBRATION: 
 

The movement of any particle in the ground can be described in three ways_ 

 

 Displacement, 

 Velocity and 

 Acceleration. 

 

Velocity transducers (geophones) produce a voltage which is proportional the velocity of movement, and can be 

easily measured and recorded. They are robust and relatively inexpensive and so are most frequently used for 

monitoring. It has been shown in many studies, most notably by USBM that it is velocity which is most closely 

related to the onset of damage, and so it is velocity which is almost always measured. If necessary, the velocity 

recording can be converted to obtain displacement or acceleration. Each trace has a point where the velocity is a 

maximum (+ve or -ve) and this is known as the Peak Particle Velocity (or PPV) which has units of mm/s. 

Geophones are only able to respond to vibration in one dimension and so to capture the complete signal it is 

necessary to have three geophones arranged orthogonally (at right angles). One will always be vertical and the other 

two will be horizontal, but the horizontal geophones can either be aligned with the cardinal points of the compass or 

they can be arranged with reference to the blast position. In the latter case, one geophone would be set along the line 

from blast to monitor (this is known as the longitudinal or radial) so that the other would be perpendicular to this 

line (this is known as the transverse). 

 

GENERATION OF GROUND VIBRATION: 

 

When an explosive charge detonates, intense dynamic waves are set around the blast hole, due to sudden 

acceleration of the rock mass. The energy liberated by the explosive is transmitted to the rock mass as strain energy. 

The transmission of the energy takes place in the form of the waves. The energy carried by these waves crushes the 

rock, which is the immediate vicinity of the hole, to a fine powder. The region in which this takes place is called 

shock zone. The radius of this zone is nearly two times the radius of the hole. Beyond the shock zone, the energy of 

the waves gets attenuated to some degree which causes the radial cracking of the rock mass. The gas generated as a 

result of detonation enters into these cracks and displaces the rock further apart causing its fragmentation. The 

region in which this phenomenon takes place is called transition zone. The radius of this zone is twenty to fifty times 

the radius of the hole. As a result of further attenuation taking place in the transition zone, the waves although cause 

generation of the cracks to a lesser extent but they are not in a position to cause the permanent deformation in the 

rock mass located outside the transition zone. If these attenuated waves are not reflected from a free face, then they 

may cause vibrations in the rock. However if a free face is available, the waves reflected from a free face cause 

further breakage in the rock mass under the influence of the dynamic tensile stress. Fig 3 is a pictorial representation 

of the various zones described above and explains the phenomenon of reflection of waves. 

Parameters influencing propagation and intensity of ground vibrations:  

 

The parameters, which exhibit control on the amplitude, frequency and duration of the ground vibration, are divided 

in two groups as follows: 

 

a. Non-controllable Parameters 

b. Controllable Parameters  
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Air Overpressure: 

 

Pressure waves emanated in the atmosphere by the detonating charge is called air-overpressure/noise. The intensity 

of noise depends upon the quantity of the charge and its confinement. . The frequency of the pressure waves in the 

range of to 20 Hz. To 20 kHz are in the audible range.  

 

The air overpressure is calculated in dB (A) or Pa.  

 

The dB (A) is calculated by the following formula is dB = 20log [P/Po] 

 

Where, P is measured pressure and 

           Po is the reference pressure of 0.00002 Pa. 

 

A low level of air-over pressure plays an important role in causing distress because of rattling windows. At present 

we don‘t have any standards regarding levels of air-over pressure. However, type of the damage that occurs by air-

overpressure.  

Fig : Cause of Air-over pressure 

 

 TYPICAL WAVES FROM BLAST VIBRATION: 

 

Ground vibration radiates outwards from the blast site and gradually reduces in magnitude, in the same manner as 

ripples behave when a stone is thrown into a pool of water, schematically shown below. The motion of the wave can 

be defined by taking measurements of a float on the surface of the water. With suitable instruments the displacement 

or amplitude, velocity, acceleration and wave length of the waves can be measured. 

 
Fig : Pictorial representation of the various zones and the phenomenon of reflection of waves 
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The ground vibration wave motion consists of different kinds of waves_ 

 

 Compression (or P) waves. 

 Shear (or S or secondary) waves. 

 Rayleigh (or R) waves.  

 

Fig : Illustration of the motion of the particles within ‘P’ wave 

 PREDICTOR EQUATION BY RESEARCHERS: 

 

In Blasting, it is extremely difficult to take into account of all the above parameters in a simple equation in 

predetermining the level of vibration which would be experienced at a given distance so that the quantity of 

explosive would not cause damage to a given structure. As a result, empirical approaches are widely used for ground 

vibration prediction. 

 

A number of investigators have studied ground vibrations from blasting and have developed theoretical analysis to 

explain the experimental data. The energy released is considered to be proportional to the square root of charge.  

Permissible Peak Particle Velocity (ppv) at the foundation level of structures in Mining Areas in mm/s 

Permissible PPV in mm/s as per DGMS  Standards

Type of Structure Dominant Excitation Frequency

< 8 Hz 8 to 25 Hz > 25 Hz

A. Buildings / Structures NOT belonging to owner

a)  Domestic Houses

b)  Industrial Building

c)  Sensitive Structure

5

10

2

10

20

5

15

25

10

B. Buildings / Structures Belonging to the owner

i)  Domestic Houses

ii) Industrial Building

10 15 25

15 25 50

 

Table: Permissible limits of PPV in mm/sec 

In view of complexities of the problems it is hoped that managements would take adequate measures as 

recommended above to ensure that the blasts made near surface structures are carried out with utmost care and 

precautions. The blast induced ground vibrations should be within the permissible limits as specified above. 

 

 CONTROLLED BLASTING TECHNIQUES 

Conventional blasting causes cracks and fractures in the rock which has been fragmented and also in the remaining 

rock. 

Controlled blasting techniques are adopted to reduce damage to the rock and improve the competence of the rock at 

the perimeter of the excavation by reducing development and growth of un-controlled cracks. 
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Controlled blasting techniques have included to controlling damage due to vibrations, air-blast and fly-rock.  

There are several blasting techniques used to control the blasting results. The technique selected is dependent on the 

nature of the project or end use of the rock face, geology, drilling equipment available and associated cost. Some  

The techniques most commonly used to control damage in the final wall of excavations are smooth blasting, Pre-

splitting and Air-decking. 

 

LINE DRILLING: 

 

 
Fig : Controlled Blasting Technique of Line Drilling 

 

Line drilling is a drilling of a row of closely spaced holes along the final excavation line. 

 

The line drilled holes are not loaded with explosive. 

 

These holes provide a plane of weakness to which the final row of blast holes can break. 

 

This technique is used mostly in small blasting jobs and involves small holes in the range of 50-75 mm dia. 

 

Line drilling holes are spaced 2-4 times of the dia. of drill bit used. 

 

The distance between these unloaded row to last row of the production blast is approximately 0.4 – 0.6 times the 

Burden of the production hole. This distance is termed as BUFFER DISTANCE. 

 

The depth should be maximum include sub-drilling. 

 

The Back row of production holes should be charged 50% only. 

 

The holes in the line drilling system help to reflect the shock wave and help to reduce the shattering effect of the 

rock outside the periphery.  

 

 It is very difficult to maintain the accuracy of drilling and cost involved in this technique is also very high. 

  In this system a greater amount of drilling is required. 

  It is applied only in HOMOGENEOUS Rock. 

  This type practice shall not be done in in-homogeneous rock since plane of weakness in this case may extend in 

the finished wall.  

V.CASE STUDY 

 

BLAST INDUCED GROUND VIBRATION STUDY 

Number of Blasts were monitored and assisted by Blasting In charge of KARADIKOLLA SURESH IRON MINE 

AREA of 42.10 Ha of M/s. P.BALASUBBA SETTY AND SON, SITUATED AT M.L.NO.2502 OF SANAKARA 
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NAGARA CAMP, KARIGANUR (VILLAGE ), HOSPET (TALUK), BELLARY (DISTRICT) KARANATAKA 

(STATE). 

The blast result was assessed in terms of ground vibrations, its frequency, air over Pressure produced. The 

Seismograph was installed at a predetermined distances in the range of 100 to 350 m from blast site to the 

monitoring station to monitor the ground vibrations generated from blast. The Peak particle velocity (PPV) was 

measured for about 03 blasts with respect to the distance from the blast site to the monitoring station including the 

Charge per delay for various blasts. 

 

The ground vibration data including Peak particle velocity (PPV), the distance from the blast site to the monitoring 

station; the explosive Charge per delay for various blasts was analyzed for understanding the effect of ground 

vibrations induced by blasting. 

 

 CASE STUDY 1 

S.NO DESCRIPTION MEASURE 

1 Blast Number 01 

2 Location N 150 13’36.00”   

E 760 25’51.60” 

 RL – 798 m 

3 Strata Iron ore 

4 No. of Holes 29 

5 Avg. Depth of holes in Mts 8 

6 Burden & Spacing in Mts 2 x 2.5 

7 Dia of holes in MM 100 

8 Explosives Used Solar Prime (83 mm catridges) nonel 

detonators 

9 Total Explosives Used in kg 435 

10 Maximum Charge per Delay in kg  15  

11 Volume Blasted in tons (MT) 4000  

12 Powder Factor MT/Kg 4.44 tons/kg 

13 Accessories Used  

a Supreme Detonator 13 mts 19 Nos 

b Supreme Detonator  3mts  42 MS in No’s 01 

c Ordinary Detonators in No’s 02  

14 Post Blast Observation  

a Blast Fragmentation Good 

b Fly Rock Within 50 Mts 

c Muck Pile Good 

d Throw Normal 

Distance  in Mts 180 200 300 400 500 

PPV mm/sec 6.26     

Frequency in HZ 25.6     

Noise in dBL 95.9     
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Fig :Event Report of case study 1 

VI.CONCLUSION 

 

Analysis of the blast vibration data the Peak Particle Velocities (PPVs) for various blasts was recorded. It was found 

that the PPV for different blasts vary with and related to that of the charge per delay associated with the blast. In 

most of the blasts the PPV remained within the limits as shown in table. This is because the different amounts of 

charge per delay associated with each blast. Hence a specific amount of charge per delay should be determined for a 

blast hole to keep the PPV and air overpressure generated by the blast within the limits determined by the DGMS. 

And shows recommended amount of safe charge per delay to keep the vibration level below the limits i.e. 5 mm/sec.  
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The vibration levels were found to be less than 5 mm/sec which is within the limits, when the recommended amount 

of charge per delay was used for blasting. The air overpressure values recorded were in between 120 to 130 dB (L), 

which is within the safe limits. 

 SAFE CHARGE FOR PROTECTION OF STRUCTURES 

 

The amount of ground vibration generated is related to the amount of charge per delay used in the blast holes. It has 

a critical value at which it gives the optimum output, amount more than that value will generate more ground 

vibration. This vibration generated can cause damage to the structures present nearby. From the monitoring of 

ground vibration from a number of blasts the safe amount of charge per delay is determined. 

The safe charge per delay recommended keeping the vibration level below 5 mm/sec at various distances from 

the blast site: 

 

Distance from the Blast site Safe charge per delay 

200 mts 75.9 kg 

300 mts 125.6 kg 

400 mts 198.2 kg 

500 mts 232.5 kg 

 

Table : Recommendation of Safe Charge per delay 

 

VII.SCOPE OF FUTURE STUDY 

The need for requirement of above study is to explain the importance of Blast induced ground vibrations and it’s 

permissible limits. Because When blasting is done in these opencast mines, ground vibrations are generated outward 

from the blast areas which cause damage to surrounding surface structures. The vibrations radiating from the blast 

holes while passing through surface structures, induce vibrations on the structures causing resonance. 
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