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  Ground vibrations are the significant effect caused by drilling and blasting operations. The ground vibrations should be within 

the permissible limit to avoid structural damage nearby places/surroundings. Engineers and geologists design the blasting 

parameters according to the site to control the ground vibrations at a minimum level. The monitoring of ground vibrations during 

blasting is necessary. The ground vibration's peak limit valuesaremeasured in peak particle velocity (PPV), and frequency of 

waves is also recorded to analyze the movement of the ground. The ground vibration readings of rock are gathered from an 

Opencast coal mine in BhadradriKothagudem district, Telangana state. The Micromate vibrometer is used to record the ground 

vibrations in both sites. Micromate vibrometer collects the details of the waves like peak particle velocity (PPV), frequency, 

trigger source, record duration, etc. It contains the vibrations data in three directions: vertical, longitudinal (radial), and 

transverse. The waveform analyses and the cluster dendrogram are done by softwareR. The waveform analyses are done using 

this super graphics software. The results of ground vibration readings are studied in rock by the micromate, software R which is 

used for the cluster model for the gathered ground vibrations which has collected in the opencast coal mine in manuguru. 
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1. INTRODUCTION 

 Ground vibrationscauses various hazards in open pit 

mines like instability of benches and slope, impact on 

underground water and local infra structures. Hence the 

ground vibrations should be kept as controlled as 

possible for minimum effects on mine and surrounding 

infra structure. In this study we findthe behavior 

andeffects of ground vibrations in mine locations by 

using clustering technique in software-R, in both coal and 

rock. The ground vibrations arecaused during drilling 

and blasting operations. The main cause for ground 

vibrations is excessive use or over charging of explosive 

and. It also depends on the type of rock beds present in 

the mine location. 

 Blasting operation takes place in both coal and rock 

excavations widely in mining. Coal excavation is 

considered productive work, and rock excavation is 

unproductive to perform in the mining area. The removal 

of overburden is necessary to access the mineral deposit. 

The characteristics of both rock and coal are different 

from each other, like density, strength, blast ability, etc. 

The blasting performance is planned according to the 

properties of coal and rock on the site. There are different 

types of explosives to perform blasting on site. The 
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mixture of ANFO is widely used in the blasting operation 

of opencast. The energy of explosives used for blasting is 

only 20% to 30%used for rock and coal blasting, the 

remaining energy causes ground vibrations, fly rock, air 

blast, noise, etc. To reduce these parameters, the blasting 

design is made accordingly. The blasting design is made 

accordingly to utilize most of the explosive energy and to 

meet target of excavation. Ground vibration straight 

forwardly relies on the amount of dangerous utilized and 

distance between shoot face to observing point just as 

geographical and geotechnical states of the stone units in 

uncovering region. 

1.1 TYPES OF GROUND VIBRATIONS: 

The ground vibrations pass in the forms of waves. These 

waves classified based on their characteristics, they are as 

below 

 Body Waves. 

 Surface Waves. 

1.1.1 BODY WAVES: 

Body waves are the first to show up on the surface after a 

blast or an earthquake. They are high recurrence 

component to surface waves. They are: 

• P-waves 

• S-waves  

P-WAVES: 

These waves are fast as compared to S-waves. They can 

travel in both solids and liquids. These are compressional 

type of waves. They make rock particles to vibrate in the 

longitudinal direction. 

S-WAVES:They are also called as auxiliary waves.They 

are 1.7 times slower than the P-waves. They can travel 

only in solid mediums like rock mass or beds. They are 

transverse in nature.  

1.1.2 SURFACE WAVES: 

They are relatively slow compared to body waves so they 

reach the earth the earth surface after the body waves. 

These waves are dangerous to the lifeform because they 

can cause earthquakes on the surface. 

They are of two types: 

• Love waves 

• Rayleigh waves  

LOVE WAVES: They move side to side &produce a flat 

moment even leads to cracks or fissures on earth surface. 

 

 

RAYLEIGH WAVES:  

They move all over the ground in side-to-sidemanner. 

This creates a shocking type feeling on the earth surface. 

 

These waves propagate in three directions (transverse, 

radial, vertical). There are measured using various 

devices like seismograph, minimate,micromate are used 

to measure ground vibrations during blasting 

operation.Theyare measured in terms of peak partical 

velocity(ppv). 

1.2 MICROMATE: 

The micromate records vibrations, sound/noise level,air 

over pressure at a time. The micromateis custom 

engineered with a reliable to withstand harsh 

conditions.Micromate has 15MB storagein whichwe can 

save 4000 events, and it is used to measure the readings 

at 500m radius from blasting zone and it is also capable to 

take readings at 200 mts also. 

The micromate consists of the three parts,they are triaxial 

geophone,air overpressure or sound level microphone 

and micro mate. 

Figure 1: Parts of micro mate[1] 

 

 

1.2.1 MEASURING OF GROUND VIBRATIONS BY 

MICROMATE: 

1.Connect the Microphone and Geophone. 

2.Turn the unit on. 

3.Review/modify the current setup. 

4.Position theMicrophone and Geophone. 

5.Perform the sensor check. 

6.Record the event. 

7.View the event results. 
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2. RELATED WORK 

2.1 METHODOLOGY: 

 

 

Figure 2: Flow chart depicts the processes involved in this 

project 

 

2.2 LITRATURE REVIEW: 

Murlidhar [2], has done the models for the prediction of 

ground vibrations with high accuracy based on the 

blasting parameters by using GEP. 

Ghasemi [3], has worked onthe prediction of PPV ground 

vibration by using fuzzy logic modelling of MATLAB 

which is compared with empirical predictors from which 

it is proved that fuzzy modelling can be used as a reliable 

data for prediction of ground vibrations in a studied 

mine. 

G.R.Adhikari [4], By using peak particle velocity (PPV), 

frequency, other vibration data and blast parameters 

Adhikari had found that the site/ground conditions of 27 

limestone quarries are corelated to each other. The 

frequency of the ground vibrations with respect to 

distance can be modified by changing delay intervals in 

the blast. 

Jayasinghe [5], concluded that in the series of field tests 

conducted on ground vibrations, the frequency of 

ground vibrations decreases when they pass from one 

type of rock bed to another. 

Sheykhi [6], In his prediction of ground vibrations the 

data clustering techniques created from the obtained data 

gives on accurate prediction over the blast induced 

ground vibrations. 

 

3.RESULT AND DISCUSSION 

3.1 Data Collection: The vibrational data have been 

collected from the mechanized mine with the help of 

micromate machine. The study has also considered the 

vibration data and their corresponding mining location. 

The following Table depicts the structure of data 

collected from the field 

Table 1: Three directional vibrational data in rock for 20 

different locations. 

S.no 

 

Mining 

locations 
Radial Traverse Vertical 

1 1 3.683 2.032 4.953 

2 2 3.048 3.302 2.794 

3 3 4.953 4.318 3.556 

4 4 2.032 2.159 1.524 

5 5 1.905 3.048 1.778 

6 6 3.048 3.302 2.794 

7 7 4.593 4.318 3.556 

8 8 3.683 2.032 4.953 

9 9 2.032 2.159 1.524 

10 10 1.905 3.048 1.778 

11 11 3.048 3.175 1.905 

12 12 2.286 2.286 1.524 

13 13 3.048 3.556 2.667 

14 14 2.794 2.921 2.413 

15 15 2.159 1.778 2.413 

16 16 2.286 2.413 1.524 

17 17 4.826 1.925 1.778 

18 18 3.683 3.302 3.556 

19 19 1.923 2.032 1.524 

20 20 2.023 3.012 1.678 
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3.2 Statistical analysis on data 

The collected vibrational data is not static with respect to 

different mining locations. The heterogeneous behavior 

of rock produces vibration in three directions, as 

indicated in Table 1. The below scatter plot depicts the 

behavior of four parameters with respect to each other. 

 
Figure 3: Scatterplot matrix for the collected data. 

The upper and lower triangular matrix shown in Figure 3 

depicts the relation between the four parameters. From 

Figure 3, it is observed that the relationship between the 

parameters does not lead to any pattern. Thus, the 

correlation factor between the parameters is low. The 

clustering approach for such a scatter plot will help us to 

understand the relationship between the parameters. 

 

3.3 Clustering approach 

Clustering refers to grouping different variables in a 

similar cluster at various conditions. A clustering 

approach generates an efficient result when the 

considered dataset is free from outlier data. Table 2 

represents the summary of data shown in Table 1. 

 

Table 2: Summary of the collected dataset using micro 

mate equipment. 

Parame

ters 

Minim

um 

value 

1st 

quoti

ent 

Medi

an 

Me

an 

3rd 

quoti

ent 

Maxim

um 

value 

Radial 1.905 2.032 2.921 2.9 3.683 4.953 

 

Transv

erse 

1.778 2.127 2.966 2.8 3.302 4.318 

Vertica

l 

1.524 1.639 2.159 2.5 2.985 4.953 

 

From Table 2, it is observed that the median and mean 

value in radial, transverse and vertical situation is more 

or less similar. Also, the data in all three conditions are 

free from outlier data. It can be observed using figure 3. 

 

Figure 4: Boxplot depicts the dataset of radial, transverse 

and vertical conditions. 

The obtained boxplot for the dataset shown in Table 1 

confirms that the clustering results will not give biased 

results since the dataset is free from outlier data. This 

paper conducted the clustering analysis using software R 

[7]. Software R is a free data analytics software that 

computes various datasets with the help of R packages 

installed in it. The software successfully executed the 

clustering algorithm and depicted efficient results. Figure 

4 represents the clustering dendrogram for radial, 

transverse, and vertical vibration values with respect to 

their mining locations. The obtained dendrogram has 

two main clusters. The mining location 18,3,7,17,1 and 8 

belongs to cluster 1 (refer to figure 3). However, the 

mining location such as 15, 12,16,19,4,9,20,5,10,13,2,6,11 

and 14 belongs to cluster 2. In the study, the algorithm 

based on the complete approach using a silhouette 

method has been used to determine the clustering 

dendrogram. The silhouette plot in figure confirms the 

number of clusters.   

 

 

Figure 5: A clustering dendrogram with different mining 

locations. 
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Figure 6: A Silhouette plot confirming the optimal 

number of clusters. 

The study determined the impact of radial, transverse 

and vertical vibrations based on the mining locations. 

The estimated impact values are shown in Table 3. Table 

3 represents the positive and negative impact values for 

the considered parameter for the different mining 

locations. A positive value in Table 3 indicates that the 

impact of radial, transverse and vertical vibration is high 

for cluster 1. From Figure 5, it is observed that mining 

locations such as 18,3,7,17,1 and 8 belong to cluster 1.  

Table 3: Impact values of radial. transverse and vertical 

vibration in different clusters.  

Cluster Radial Transverse Vertical 

1 1.282323 0.2383067 1.1061671 

2 -0.549567 -0.1021315 -0.4740716 

 

It means that the radial, transverse and vertical vibration 

impact is more in these mining locations. Further, a 

negative value in Table 3 indicates that the impact of 

radial, transverse and vertical vibration is low for cluster 

2. Also, From Figure 5, it is observed that mining 

locations such as 15, 12,16,19,4,9,20,5,10,13,2,6,11 and 14 

belongs to cluster 2. It concludes that these mining 

locations have low radial, transverse, and vertical 

vibration impacts. The significance of these results can be 

utilized for the better planning of blasting design in 

different locations. 

 

4. CONCLUSION 

The present study discusses the vibration effect of the 

ground using radial, transverse and vertical vibration. 

The vibrational values were determined using a 

micromate machine, and the corresponding locations 

were also studied. The data analytics section of this study 

was done using software R. The results from software R 

group the different mining locations in similar clusters 

based on radial, transverse, and vertical vibration values. 

The study divides the 20 mining locations into two major 

groups. Cluster 1 consists of 6 mining locations, whereas 

cluster 2 consists of 14 mining locations. The impact of 

ground vibration was found high in the mining locations, 

which are associated with cluster 1. This information can 

be used for the prevention of any vibrational effects in 

ground conditions. 
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