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Blast-induced ground vibration (BIGV) velocities and 
frequencies are of major concern due to their adverse 
effects and damage to structures. Therefore, it be-
comes essential to assess the velocities and frequencies 
induced by blasting in terms of quantitative and qua-
litative assessment to overcome the problems. There is 
a need for scientific studies using devices like triaxial 
geophone associated with a seismograph to measure 
the peak particle velocity (PPV) and dominant fre-
quency which cause damage to domestic or residential 
structures near an opencast mine. Each mine has  
specific geo-mining conditions, and scientific studies 
provide appropriate results. In total, 32 number of 
blasting data sets were recorded at every 50 m from the 
blast site to the last observation point near the village. 
Ground vibration associated damage criteria is defined 
in terms of the PPV at different frequency levels and  
the strength of the structures under study. The permis-
sible limits of BIGV has been provided by the Director-
ate General of Mines Safety, Dhanbad, India. The 
permissible PPV values of the BIGV in India is 2, 5, 10 
for the historical and sensitive structures, 5, 10, 15 for 
domestic houses and 10, 20, 25 for industrial buildings 
at <8, 8–25 and >25 Hz dominant excitation frequencies 
respectively. The recorded dataset has been proposed 
through standard models. The velocity amplitude ver-
sus frequency gives a reliable relationship about dam-
age criteria of structures. The structures were analysed 
vis-à-vis PPV and dominant frequency to correlate the 
damage possibility. The present study carried out in a 
mega opencast project provides the basic knowledge 
to assess the safe distance from blasting site for specific 
charge of explosive, waves which are responsible for 
more damage to nearby structures and to determine 
the correlation coefficient between measured and pre-
dicted PPV values. 
 
Keywords: Frequency, ground vibration, opencast 
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THE evaluation, monitoring and control of blast-induced 
ground vibration (BIGV) have become essential for 
people and structures near a mine. The blast-induced 

seismic wave energy (BISWE) is an uncontrolled para-
meter which propagates into the medium by its own cha-
racter. A small portion of energy is utilized for removal 
of overburden and broken rock mass. A large portion of 
seismic energy propagates and covers some distance 
around the blasting patch. The radius of amplitude of 
seismic wave decreases with increasing distance. The 
seismic wave propagates with high energy into subsur-
face medium causing ground vibration or shaking. There-
fore, BIGV causes damage, hazard risk, financial 
problems and discomfort for people and structures near 
the mines. Sometimes vibration level exceeds the thre-
shold and becomes more hazardous for people and struc-
tures around a mine. Upon damage to structures and injury 
to people, mines are approached for the compensation of 
losses1. The frequency and peak particle velocity (PPV) 
are the most essential parameters to assess BIGV and 
seismic hazard relationship1–4. The component veloci-
ties – radial, vertical and transverse get registered on a 
triaxial geophone and maximum among them is called the  
resultant PPV value. PPV is affected by parameters like 
distance, physical properties of rock mass, geological 
condition, density and amount of explosive, etc. It atte-
nuates with increasing amplitude from the source5. The 
insecurity of the people residing in BIGV influence zone is 
due to their ignorance of the permissible limit of the PPV 
for the structures. Therefore, the ground vibrations and 
noise associated with blasting, even within acceptable lim-
its, cause panic among them6. People living nearby notice 
and react to vibration at much lower level than approved 
permissible level by legislation which does not cause the 
damage7–9. The frequency plays a key role to determine 
ground vibration intensity of seismic waves. It is defined 
as the number of shocks or oscillations per second (Hz); 
the relationship among seismic wave velocity (V), dominant 
frequency ( f ) and wavelength (ϕ) is as given in eq. (1) 
 
 V = f *ϕ.  (1) 
 
The structures vibrate at their natural frequencies which is 
normally small. Therefore at lower frequencies, damages 
are expected at lower PPV. The natural frequency of the 
different structures varies from 4 to 18 Hz (ref. 10). 
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Figure 1. Impact of blasting on surrounding environment and structure. 
 

Therefore, the researchers attempt to measure PPV at dif-
ferent locations and at different frequency levels to esta-
blish the relationship of the level of intensity of the BIGV 
(velocity, frequency, displacement and acceleration) with 
blasting at any site11–17. This is significant as it decides the 
potential of damage to structures and human discomfort, 
within the zone of influence. Finally, damages correlate 
with the PPV of BIGV18. The basic prediction model eq. 
(2) proposed by USBM 
 
 PPV = k (SD)–b,  (2)  
 
where scale distance (SD) is a function of measuring dis-
tance (D) and maximum charge per delay (Q), and k and 
b are the site-specific constants. Scientists have proposed 
modified ground vibration prediction model equations. 
Blasting is a matter of serious concern for the environ-
ment around a mine and for people from nearby villages. 
It consists of ground vibration energy, air overpressure, 
fly rock, dust cloud, noise, etc. (Figure 1). The community 
requires safety, minimization of hazardous risk, health  
insurance and compensation for their losses10,12,19–21.  
 The main objective of this study was to predict the  
intensity of ground vibration caused by blasting at an 
opencast coal mine of Chhattisgarh, India and mitigate or 
minimize its negative effects on residential structures 
within 550 m by determining a safe charge weight per  
delay.  
 Ground vibration data were acquired from eight differ-
ent blasts carried out in an opencast mine using four  
Nomis seismographs. The distance between blast site and 
observation point was measured using GPS. The amount 
of explosive and maximum charge per delay were noted 
for further analysis. A regression analysis was sub-
sequently done on the recorded datasets to derive a site-
specific attenuation equation which relates the intensity 
of ground vibration to scaled distance. This attenuation 
equation helps predict PPV for a particular site. A com-

parison was made between measured and predicted PPV 
values to verify the accuracy of the attenuation.  
 The field survey and the data collection had been carried 
out, during the blasting operations for measuring the real 
time intensity of the ground vibrations, near the structures 
that had reported BIGV associated problems. Blast-induced 
ground vibration data were acquired by recording 32  
datasets using four seismographs. Nomis Super Graphics 
Software along with regression analysis software were used 
for the post acquisition data analysis.  

Study area and geological overview  

The study was conducted at ‘mine A’ (lat. 22°19′14.988″N 
and long. 82°31′30.67″E) (Figure 2). Granite, dolerite, 
bauxite, fireclay and limestone deposits are also found in 
this area. The overburden rock mass is of medium to 
coarse grained sandstone, shale, shaly sandstone and 
mostly weathered sandstone. The mine has semi-consoli-
dated sediments and bituminous coal of Gondwana age22,23. 

Blasting vibration standard and safe levels to  
prevent damage 

Various countries have established their own vibration 
standards on the basis of experimental investigations in 
their mines to demonstrate the impact of BIGV on the  
surrounding environment and the structures. Vibration 
standard limits depend only on the basic parameters, viz. 
frequency and PPV. All structures have their own natural 
frequency. Researchers have set the PPV values of differ-
ent structures at their natural frequencies and proposed a 
model for blasting damage criteria. The United States  
Bureau of Mines published the RI 8507 model for blast-
ing damage criteria which sets the PPV limits according 
to the frequency of a structure8 (Table 1). Tables 2 and 3 
show the German Standard DIN4150 (1986)24 and the 
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Figure 2. Location map and mine site. 
 

 
Table 1. USA standard proposed the permissible limit of structures, after Siskind et al.15 

 
 
Type of structure 

Peak particle velocity (PPV; mm/s) 
 

Frequency (<40 Hz) Frequency (>40 Hz) 
 

Modern homes, dry wall interior  
Older homes, plaster on wood lath construction 

18.75 50 
12.50 50 

   
 
Australian Standard 2006 (AS 2187.2)20 respectively. The 
PPVs are measured from the blast site to the last observa-
tion point (near village structures). The minimum PPV 
5 mm/s at frequency (<8 Hz) for domestic houses, pro-
posed by the Indian Standard (DGMS circular 7 of 1997) 
(Table 4)25.  

Materials and methods  

Blast design geometry 

In the field, a simple procedure is applied due to irregular 
or complex nature of the mine. First, a survey line is 
made from the blasting site at the mine to the last obser-

vation point near the structures (Hardi Bazar) (1.40–
1.50 km long). Blast design parameters and materials 
range such as hole depth (3.5–20 m), hole diameter (160–
381 mm), burden (3.5–8 m), stemming equal to burden, 
spacing (3.0–8.5 m), charge per hole (19.1–560 kg), 
bench height (3.0–20 m), booster per hole (100–1200 g), 
velocity of detonation (3500–4500 m/s) and staggered 
pattern have been used. Figure 3 provides blast design 
and drill-hole description. Ammonium nitrate and fuel oil 
(ANFO), i.e. a mixture of (94%–95%) ammonium nitrate 
and (5%–6%) fuel oil has been used. The non-electric 
Nonel delay operators as 17 and 42 ms are used in line 
and cross line respectively, along with DTH delay of 
200–250 ms (ref. 26). 
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Table 2. German standard proposed the permissible level of structures after German DIN 4150 (1986)24 

 PPV (mm/s) at foundation 
  

Type of structures <10 Hz 10–50 Hz 50–100 Hz 
 

Offices and industrial premises 20 20–40 40–50 
Domestic houses and similar constructions  5  5–15 15–20 
Buildings that do not come under the above because of their sensitivity to vibration  3 3–8  8–10 
    

 
Table 3. Permissible level of structures as proposed by the Australian Standard 2006 (AS 2187.2)20 

Type of structure Maximum value 
 

Historical building and monuments and building of special value 0.2 mm displacement for frequencies less than 15 Hz 
Houses and low-rise residential buildings, commercial buildings  
 not included below 

19 mm/s resultant PPV for frequencies greater than 15 Hz 

Commercial buildings and industrial buildings or structures of  
 reinforced concrete or steel construction 

0.2 mm maximum displacement corresponding to 12.5 mm/s PPV at 
 10 Hz and 6.25 mm/s at 5 Hz 

  
 

Table 4. Permissible level of structures as proposed by the Indian Standard (DGMS circular 7 of 1997)25 

 Dominant excitation frequency (Hz) 
 

<8 8–25 >25 
 

(A) Buildings/structures not belonging to the owner 
 1. Domestic houses/structures (kuchcha, brick and cement) 
 2. Industrial buildings  
 3. Objects of historical importance and sensitive structures 

 
 5 
10 
 2 

 
10 
20 
 5 

 
15 
25 
10 

(B) Buildings belonging to the owner with limited life span 
 1. Domestic houses/structures  
 2. Industrial buildings 

 
10 
15 

 
15 
25 

 
25 
50 

    
 
Instrument and datasets  

The ground vibrations were monitored using a seismo-
graph which contains a triaxial geophone. Four seismo-
graphs were stacked in a group and defined as one 
channel at the mentioned interval. The seismographs 
were located at every 100 m interval, but data were moni-
tored at every 50 m interval, viz. 50, 100, 150, 200, …, 
1350, 1400 m. The seismographs (4-channel) were moved 
from the blast site to the last observation point (near village 
structures) on the imaginary drawn line. A total number of 
32 datasets have been measured in different forms like 
PPV, frequency and their components radial, transverse, 
vertical, etc. in some days (Table 5).  

Ground vibration prediction 

The distance and maximum charge per delay are the most 
essential parameters to determine the predicted PPV, but 
this is not sufficient because of heterogeneity of rock 
mass. The characteristics of rock mass change from one 
place to another and act as catalysts also, therefore, the  
vibration energy is transmitted, refracted and reflected from 
the rock mass. Therefore, PPV and frequency are signi-

ficantly affected. The site-specific characteristic constants 
(k, b) are necessary to establish new relationship for  
particular mine site. Linear regression analysis is compul-
sory for determination of the site-specific constants 
(k = 478.63, b = –1.5), because it establishes the relation-
ship between dependent (PPV) and independent (SD)  
variables. It gives the equation of a straight line (eq. (3)). 
The intercept and slope of the line are defined as site-
specific constants, i.e. logarithmic plotting between 
measured PPV (mm/s) and SD (m/kg0.5) that is a function 
of D (m) and Q (kg), as mentioned in eq. (2). The site-
specific constants are not valid for other sites due to hete-
rogeneity of rock mass. To determine the site-specific 
constants, at least 30 datasets are required for good per-
formance of regression analysis to establish the attenua-
tion equation, according to the Office of Surface Mining 
Reclamation and Enforcement (OSMRE), United States. 
Vector sum is defined as the square root of sum of 
squares of component velocities (radial l, transverse t and 
vertical v), i.e. PPV that can be obtained using manual 
calculation as shown in eq. (4). 
 
 log PPV = 2.679 – 1.5(log D – 0.5 log Q).  (3) 
 

 Vector sum = 2 2 2 .l t v+ +  (4) 
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Figure 3. Blast design geometry and blast hole design27. 
 
 

Table 5. The measured and predicted PPV and frequency 

 
Distance  
(m) 

Maximum 
charge per 
delay (kg) 

Scale  
distance 
(m/kg0.5) 

 
 

Radial 

 
 

Transverse 

 
 

Vertical 

 
 

Measured 

 
 

Predicted 

 
 

Radial 

 
 

Transverse 

 
 

Vertical 

 
 

Measured 
 

100 85.76 10.798 9.525 8.255 6.985 9.525 13.488 2.6 2.7 6.6 2.6 
200 85.76 21.596 6.096 5.842 4.064 6.096 4.769 3.2 1.9 2.2 3.2 
300 85.76 32.395 3.810 3.429 1.270 3.81 2.596 6.1 5.6 6.9 6.1 
50 118.7 4.589 18.235 19.609 17.563 19.609 48.687 25.2 23.5 19.1 25.2 
150 118.7 13.767 11.049 10.795 6.096 11.049 9.369 11.6 10.4 18.2 11.6 
250 118.7 22.946 4.191 3.429 1.143 4.191 4.354 6 5.1 6.2 6 
350 371 18.171 5.207 5.334 6.487 5.334 6.179 5 3.8 4 3.8 
450 371 23.362 3.124 2.894 4.081 4.081 4.238 2.3 2.5 2.8 2.8 
550 371 28.554 3.683 2.286 1.905 3.683 3.137 5.3 10 10.8 5.3 
650 371 33.746 2.413 2.413 1.651 2.413 2.442 4.6 3.3 5.3 4.6 
400 324.1 22.218 5.842 6.604 4.826 6.604 4.570 12.1 8 16.5 8 
500 324.1 27.773 4.064 2.413 0.762 4.064 3.270 4.3 4.5 32 4.3 
600 324.1 33.328 2.159 2.540 0.381 2.54 2.487 2.4 2.8 0 2.8 
700 324.1 38.882 1.778 1.143 0.254 1.778 1.974 0.8 1.6 0 0.8 
325 102.8 32.054 3.429 3.429 1.143 3.429 2.637 6.3 3.9 8.6 3.9 
525 102.8 51.780 0.889 0.508 0.254 0.889 1.284 1.1 1.4 1.2 1.2 
725 102.8 71.505 0.153 0.197 0.175 0.197 0.791 1.2 1.4 1.3 1.4 
650 475 29.824 4.826 3.429 2.286 4.826 2.938 5.2 7.6 6.2 5.2 
750 475 34.412 1.143 3.556 0.508 3.556 2.370 1.6 1.8 1.5 1.8 
1150 475 52.765 1.905 1.651 1.270 1.905 1.248 6.2 7.4 17 6.2 
1250 475 57.353 1.016 0.762 0.762 1.016 1.102 5.3 4.7 4.7 5.3 
800 221.84 53.711 1.270 1.143 1.016 1.27 1.216 3.5 2.9 4.3 3.5 
900 221.84 60.425 0.635 0.381 0.762 0.762 1.019 2.6 1.6 3.9 3.9 
1000 221.84 67.139 0.335 0.236 0.248 0.335 0.870 1.4 1.05 1.52 1.4 
850 470 39.207 4.191 4.318 2.159 4.318 1.949 2.2 1.6 0.8 2.2 
950 470 43.820 3.048 2.540 1.397 3.048 1.650 6.3 6.1 8.4 6.1 
1100 470 50.739 2.032 2.159 1.270 2.159 1.324 4.4 3.9 15.5 3.9 
1200 470 55.351 1.524 1.524 0.254 1.524 1.162 6.3 7.1 0 7.1 
1050 390 53.168 1.143 1.143 0.889 1.143 1.234 7.3 6.1 6.3 7.3 
1300 390 65.828 0.889 0.889 0.254 0.889 0.896 8.3 5.1 0 5.1 
1350 390 68.359 0.635 0.635 0.254 0.635 0.846 1.4 2.3 1.9 2.3 
1400 390 70.891 0.421 0.547 0.364 0.547 0.801 1.2 1.46 1.14 1.46 
 
 
Results and discussion 

In the present study, the main focus was on the dwelling 
structures like kuchha and pukka (concrete) houses. The 
Indian standard proposed permissible limits of less than or 
equal to 5 mm/s of peak particle velocity for the domestic 

structures at frequencies less than 8 Hz. If BIGV is within 
this limit then the domestic structures are safe. 
 The Indian standard proposed permissible limits of less 
than or equal to 5 mm/s of peak particle velocity for the 
domestic structures at frequencies less than 8 Hz. If BIGV 
is within this limit then the domestic structures are safe. It 

PPV (mm/s) Frequency (Hz) 
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Figure 4. Velocity amplitude versus frequency plot by the Indian Standard DGMS at different values of distance. 
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Figure 5. The first, second and third breaks on the given wavelets28. 
 
 

Table 6. Charge weight distribution 

 
Distance (m) 

Safe charge weight  
per delay (kg) 

 

200 71.74 
250 112.09 
300 161.41 
350 219.69 
400 286.95 
450 363.17 
500 448.36 
550 542.55 
600 645.65 
650 757.74 
700 878.79 
750 1008.82 
800 1147.81 
  

 
may be used to prevent the damage to structures surround-
ing opencast mine. 
 Consideration of permissible limit of peak particle velo-
city (5 mm/s) and observation distance from the blast site 
enables to derive the expression for the calculation of 
maximum charge per delay. Table 6 shows the safe dis-
tance for a given maximum charge per delay (explosive 
load) or specific charge. However, the mine management 
must exercise routine blast vibration monitoring in accor-
dance with the proposed limit of safe charge. The distri-
bution of maximum charge per delay with safe distances 
is determined by model eq. (5). 
 
 PPV = 580.58 * (D/√Q)–1.502. (5)  

Critical distance assumption 

The distance of monitoring stations and the quantity of  
explosive charge are essential factors in predicting the 
BIGV vis-à-vis the safety of structures and people. In the 
present study, the critical distance is proposed as 300–
550 m, from the blast site. The amount of explosive or 
maximum charge per delay varied from 85 to 475 kg. After 
the explosion, on measuring the intensity of BIGV at the 

above distance, the structures were safe on the above given 
range of explosive. According to the Indian Standard 
DGMS, domestic structure should be safe within 5 mm/s 
at <8 Hz. Mostly domestic houses (kuchcha, brick-
mortar, brick-cement, etc.) are present close to the mine. 
The peak particle velocity value observed under 300 m dis-
tance from the blast site at the maximum charge per delay 
was higher. The old and domestic structures were not safe 
at such level of vibrations generated (Indian Standard 
(DGMS circular 7 of 1997)). Table 4 shows the standard 
damage criteria of different structures. A comparison of 
BIGV velocity and frequency with those of the structure 
has been made. The interpretation of different structures 
with amplitude verses frequency logarithmic cross plot 
have been made as per the provisions of the Indian Stan-
dard (DGMS) model (Figure 4). PPV is defined as the 
maximum value among the component velocities. In Fig-
ure 4, frequency (along x-axis) verses component velocities 
(along y-axis) depict the variations of PPV at different dis-
tances. Permissible limit and sustainability for the different 
types of the structures is accessed as: lowest line (lower 
limit) for the oldest structures; middle line (middle limit) 
for the domestic structures; and highest line (upper limit) 
for the industrial structures. According to Figure 4 a and b, 
the density of spherical bubbles lies above the lowest line 
(lower limit) and below the highest line (middle limit) for 
the peak particle velocity of less than 5 mm/s at dominant 
frequency of less than 10 Hz. This means only the  
oldest structures would face the damage while domestic and 
industrial building would be safe. But structures accumulate 
stress energy. According to Figure 4 c and d, the peak parti-
cle velocity (less than 4.5 mm/s) at dominant frequency 
(less than 10 Hz) depicts that only the oldest structures  
undergo damage while domestic and industrial building 
would be safe. 

Peak particle velocity assumption  

The radial, transverse and vertical velocity are recorded by 
seismograph. These velocities are analysed on computer  
by using super graphic software. It helps in picking the 
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Figure 6. Correlation of component velocities with principal velocity. 
 
 

 
 

Figure 7. Correlation of measured and predicted PPV with distance. 
 
 

maximum amplitude among the three velocities to define 
the peak particle velocity. The first, second and third 
breaks on the wavelet are defined as the P-wave, S-wave 
and surface wave respectively. Surface wave has maxi-
mum amplitude and causes more damage than the other 
two waves (Figure 5). PPV is purely a surface wave. By 
regression analysis correlation between component velo-
cities (radial, transverse and vertical) and PPV has been 
done. The correlation coefficient of radial, transverse and 
vertical velocity components are 98.37%, 98.34% and 
89.34% respectively (Figure 6). The radial and transverse 
velocity components give better correlation with PPV 
than the vertical component. Further we assume the radial 
velocity as PPV in the absence of transverse and vertical 
velocity components, and assume transverse component 
as PPV in the absence of radial and vertical velocity 
components.  

Correlation  

The correlation coefficient of measured PPV with dis-
tance and predicted PPV with distance are 49.26% and 
25.61% respectively. The correlation between PPV and 
distance is quantify by these correlation coefficient (Fig-
ure 7). This is not good correlation because PPV depends 
not only on distance but also on the other factor like explo-
sive charge fired in a delay operator. Therefore, the corre-
lation between PPV and scale distance obtained from the 
correlation coefficient (R2) of measured and predicted as 
63.94% and 31.28% respectively (Figure 8). 
 The correlation coefficients for the radial 49.93%, trans-
verse 44.10%, and vertical velocities 35.66% with observa-
tion distance are given in Figure 9. These correlation 
coefficients were insignificant. The velocity predictor 
mainly depends on the maximum charge per delay and the 
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Figure 8. Correlation of measured and predicted PPV with scale distance. 
 
 

 
 

Figure 9. Correlation of velocity components with distance. 
 
 

 
 

Figure 10. Correlation of velocity components with scale distance. 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 121, NO. 2, 25 JULY 2021 284 

 
 

Figure 11. Correlation of measured PPV with measured frequency. 
 
 
distance while many other factors such as, physical  
properties of rock mass, geological properties of rock mass, 
etc. also influence it to some extent. The correlation  
coefficient of radial is 62.28%, transverse is 75.20% and 
vertical velocities is 46.68% with scale distance shown in 
Figure 10. 
 The correlation coefficient between measured PPV and 
measured frequency was obtained as 62.67% (Figure 11).  

Conclusion  

It had been observed that the domestic structures located 
beyond 550 m from the blast site with maximum charge per 
delay (85–475 kg) would not damage for long period of 
time. PPV and its components give good correlation with 
scale distance than the distance. Radial or transverse  
velocity components are assumed as the principal PPV 
due to their sufficient correlation coefficient (98.37% and 
98.34% respectively). Purely surface wave PPV is more 
destructive than the body wave. Logarithmic plot ampli-
tude versus frequency establishes a new relationship at 
every observation point and define the damage criteria of 
current location structures. This interpretation suggests 
that there is no serious problem due to blast-induced 
ground BIGV. The domestic structures only oscillate or  
vibrate under the suggested peak particle velocity value 
(5 mm/s) at dominant frequency (less than 8 Hz) without 
any damage. 
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