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1. Introduction

Use of chemical energy of explosives for the precautions will be taken to see that energy is not
breakage of rock is far more economical compared wasted away, by properly locating the boreholes
to all other forms of mechanical application of with respect to the cracks and weak spots in the
energy. The total energy of the explosive if not well rock, sufficiently spaced away from the free faces
spent on the fragmentation or the required throw of so that burden is neither less or more, than
the material will turn into adverse aspect of ground optimum, commensurate with the strength of rock
vibration, fly rock, and noise. Fragmentation in question to be broken.
desired can vary on the size and type of equipment Decking length and its position plays a crucial
used for handling the material at the face location role in designing and execution of the blast [1]. The
and in the downward process until its final process of "decking" involves separating other
destination. Some movement of material called explosive charges into sections by stemming in the
blasted muck profile, from its location is desired so blasthole [2]. While decking may not produce the
that loading equipment can efficiently load the greatest outcomes when blast holes are short and
material. Thus, for the purposes of desired explosive consumption is low, deck charging will
fragmentation, muck profile or throw of material to produce the best cost-effectiveness relationships
the desired location of the energy is derived from when they are long and high [3,18]. Increasing
the chemical in the explosive. Abundant decking length not only delivers optimal blast
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effects, but it also optimizes cost economics by
reducing explosive charge [4,5]. Decking greatly
ensures better dissemination of explosive energy
along the length of the hole, resulting in better
fragmentation [6]. By keeping the deck length in
the blasts between 0.60 and 0.80 m, efficacious
breakage was achieved while also eliminating the
possibility of sympathetic detonation. It was
discovered that keeping the decking length at an
optimized length of 0.70 m resulted in a lower
ground vibration level (PPV) of 1.22 mm/s [7-11].
Similarly, decking minimizes charge weight per
delay while also preventing a corresponding
reduction in vibration amplitude [12-15]. In the
present trials, however, all blasts were executed
with conventional solid decking with drill cuttings,
with the intention to reduce peak particle velocity
along with optimum fragmentation.

Blast pattern has effects on the results of
fragmentation and ground vibration [16-19]. The
effects are mainly as firing pattern becomes
important in determining the resultant burden and
spacing, effect secondary crushing once there is
movement from the in-situ condition. Therefore,
other conditions being the same, V pattern was
observed to have generated finer fragmentation
[20-22].

With an increase in the compressive strength of
the rock mass, MFS and PPV augment in size and

P 0\

Rea e 1

Figure 1. Coring Machine

Figure 1 shows the AMIL S7802 single core
machine that was used to collect core samples on
site. The machine operated at 600 rpm with
diamond core bit of NX size (54mm). The total
weight of the device, including the bit, is 28 kg, and
it runs on 230 v and 10.5 amps. The coring machine
was powered by a TMTL, echicher engine 70 KVA

Figure 2. Generator
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intensity [23, 24]. Rocks with good compressive
strength can be broken and fragmented
economically because the maximum amount of
explosive energy can be retained in the rock mass.
The higher rock compressive strength is useful not
to absorb seismic wave and transmits further.
Consequently, reduced attenuation in the wave
transmission through the rock results in higher PPV
[25].

2. Methods and Materials
2.1. Field Data Collection

Data was collected from opencast mine I,
Ramagundam region III area, SCCL, Telangana,
India. The mine used to be underground, but it was
converted to opencast. The study overburden
benches (OB) were 12 meters high. The sandstone
and alluvium soil that composed the rock strata is
highly brittle. Sandstone was 2.3 g/cc in terms of
density.

2.2. Rock Core sample Collection & UCS
Testing

For the re-configuration of the new blast design,
an AMIL single core barrel machine was used to
collect rock core samples shown in figures 1-3.

- hr,
k4 W
& W)-cw ¥ -*
Figure 3 (a&b). Core Sample & Core Barrel Bo
with samples

generator, as shown in Figure 2. To avoid levelling
and vibration problems, a bench is dozed in the
target area before the unit is assembled. For easy
core collection, the core barrel was greased on the
inside, three bolts were tightened to the surface,
and one bolt penertared into the earth was anchored
for stability.
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When coring, extra caution was taken to avoid
uneven surfaces, which can lead to core breakage
and lodging. Continuous water supply is provided
for easy penetration into rock strata, and manual
anti-clockwise shaft rotation is strictly avoided, as
this breaks the core sample. Rock samples were
developed from among cores not effected by in-situ
stresses and presence of rock mass discontinuities,
but obtained a 11cm long core, as indicated by the
Indian Society of Rock Mechanics ( ISRM). Core
sample and barrel box were shown in figure
3(a&b).

A total of 40 core samples were obtained from
four benches, samples taken on the surface and in
the cross section between the crest and toe at 10m
intervals on each bench. All core samples were
carefully stored in a 2ft core barrel case, protected
from wet and moisture, and kept dry.

UNLOAD

LOAD

.
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The collected 40 rock specimens were sized
with a rock cutting machine and both surface ends
were ground to eliminate unevenness during the
experiment, prepared specimens and UCS
procedure was shown in figure 4(ab&c).
According to ISRM standards, all samples have an
L/D ratio of 2 and a sample length of 10-12cm.

The rock specimen was put on the compression
machine's bottom plate, and the upper plate was
moved lower to make contact with the specimen.
Both the ring and dial gauge pre-set to zero. By
maintaining axial strain at a rate of 2 to 12% each
minute and accordingly every thirty seconds up to
a strain of 6%, the compression load is applied. I
kept track of the dial gauge reading and the proving
ring reading at 6 and 12 percent every 60 seconds.
The test procedure and axial load were continued
until an axial strain of 20% was obtained or failure
surfaces were clearly evident.

Rleated wilh SNg

= loem r |
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Figure 4 (a, b&c). Uniaxial compressive strength testing procedure, specimen failure and samples.

2.3. Blast Modeling
2.3.1. Blast Design

All blasts are designed in blast design software,
using the RENISHAW 3D laser technique,
transforms  views into  multi-dimensional
visualization to bring a real approach to blast as
shown in figure 5 with early warning as per
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simulation. The compressive strength of the rock
was taken into consideration when designing the
blasts. Every blast is primarily aimed at multi-
decking, firing pattern and partial change in Se/Be
ratio as per the geo-spatial requirement of blasts. A
12m bench with SME explosive, alternative
decking 0.5m, 2.5m, and 1m fired with V pattern.
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Considering the rock conditions and economic
viability, the practice of decking is selected to
mitigate unwanted induced ground vibrations and
to minimize financial uncertainties. Decking
involves placing a layer of inert material between
explosive charges to absorb energy and control the
propagation of shock waves. In this case, a decking
strategy of 2 meters between the bottom 2.5 meters
and the upper 2.5 meters of the blast is
implemented. This decking approach offers several

Figure 5. Blast design in O-PITBLAST

advantages. Firstly, it facilitates maximum
utilization of explosives by optimizing their
distribution within the rock mass. Secondly, it
promotes more efficient breakage patterns, leading
to enhanced fragmentation and easier handling of
the blasted material during excavation. Figures 6
and 7 provide a visual representation of the bench
wire mesh model and the process of implementing
decking between charge initiation points.

Figure 6 & Figure 7. 12 m wire mesh bench and charge initiation with decking

The heat maps depicted in Figures 8 and 9
highlight the burden distribution and explosive
distribution for the designed blasting pattern.

The UI has the ability to examine subtleties like
a connection defect, overcharge, burden

distribution, hole inclination, stemming, deck
misplacement, and structural issues in the area of
the blast, as illustrated in figure 10.

Figure 8 & Figure 9. Burden and explosive distribution with respect to free face
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Borehole Information

Borehole Information

Row Number:
Borehole Number:
Borehole Label
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Figure 10. Blast hole charging

2.3.2. Blast Prediction

Blast fragmentation predicted for all blasts with
the new set of blast parameters. The blast geometry
changed with respective fragmentation sizes
predicted by the software. The Kuznetsov concept
was used to forecast fragmentation. It gives
fragmentation sizes in four categories, X20, X50,
X80 and X90 as shown in figure 11.

As shown in Fig. 12, the PPV trends relative to
scaled distances were displayed. The maximum

Kuznetsov
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s prediction model is based on Kuz-Ram iragment ation model (Cunninghiam, 2005) jctual resbs may be difsrer
Figure 11. Fragmentation Predictio

3. Blast Experimentation

The three OB benches with bench heights of
12m each were selected for the investigation. The
mine has been operated underground in the past,
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charge per delay, measured distances, and
monitored vibration data such PPV and peak vector
sums of transverse-longitudinal-vector directions,
as well as peak vector sums, were used to create the
trends. The least-squares approach in logarithmic
mode was employed for the regression model.
Regression was used to determine the best fit for
the blast vibration estimation, with confidence
levels of 50% and 95%. PPV values for every blast
predicted with the new atteniation law generated by
O-PITBLAST.
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Figure 12. PPV prediction with attenuation law

ey T - P,

therefore there is a significant risk of upsetting
strata and generating fractures.

The designed burden and spacing values in O-
PITBLAST are shown in Table 1 along with the
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accurately predicted outcomes. The drilled holes
are depicted in figure 13, and the drill bit diameter

' 14 ;.)r ﬁ;f o
Figure 13. Drone captur:

Triple and double decking have been used, in
accordance with the compressive strength of the
neighbouring rock as given in table 2. To evaluate
the impact of multiple decks and firing patterns on
rock fragmentation and ground vibration based on
rock compressive strength, a total of 36 blasts were
conducted. In three phases, 36 blasts were carried
out on three benches. As indicated below, the
phases are A, B, and C.

Phase A: Intially, firing pattern is changed, all other
blast design parameters remain same.

Phase B : All blast design parameters kept constant
and decking length and postion is changed as per
rock compressive strength.

Phase C: Decking length and firing patterns were
changed together, as well as the consideration of
rock compressive strength, while the rest of the
parameters remained unchanged.

SME was utilized uniformaly in all blasts.
Booster explosive was used along with NONELs.
The delay were 475 ms and 450 ms as per the
decking pattern. Average explosive used was

ed drilling‘ I;icture

102

Journal of Mining & Environment, Vol. 16, No. 1, 2025

was selected as 150mm, which was adequate for
the bench height, burden, and spacing.

Booster & 450ms DTH
2m SME Explosive Charge

2.5m Solid Decking

Booster & 450ms DTH
2m SME Explosive Charge
0.5m Solid Decking

Booster & 475ms DTH|

2m SME Explosive Charge

Figure 14. Charging & decking

between 45-55kg. The general configuration of
charging shown in figure 14.

4. Blast result Analysis
4.1. Fragmentation Analysis
Vibration Measurement

and Ground

Photographs perpedicular to the plane of field,
known as ortho-photographs, were taken to create
3D fragmentation model based on point cloud data.
The model used digital terrain model to enhance
visual analysis of fragmentation in each corner in
muck pile. The percentages of total rock with
specific diameters or less, known as D10,
D20...D80, D90 shown in figure 17, whose values
generate based automatically on the concepts of
KUZ-RAM and SWEBREC algorithms. The Al
assigns different colours to different rock
fragmentation sizes, as shown in Figure 15. For all
blasts fragmentation graphs were taken and the
resulting colour plates were produced with the help
of AL

Field-obtained results in terms of rock
fragmentation and peak particle velocity are
presented as violin graphs in Figures 18 (a & b).
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Figure 15. Muckpile delineation

Figure 16. NOMIS sesimpgraph at point
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Figure 17. Fragmentation Graph

Fragmentaion Sizes in mm Peak Particle Velocity in XY & Z Directions
@ 010 50 = X
@ D20 .,y
600 o 0.50 @z
o D80 40
500
= R
£ 400 \ E 3
= = a
v =
S 300 =
§ é 20
é 200 £
- 100 / £ 10
1 \ )
. —— \ / b
<100 v
0-10 020 D-50 0-80 X Y z
Percentage of Passing Directions
(2) (b)

Figure 18 (a & b). Various particle sizes produced during blasting & PPV generated in X, Y and Z direction

4.2. Ground Vibration Measurement

NOMIS engineering seismograph was used as
shown in Fig. 16, for measuring the ground
vibration. The transducer, which has sensor, was
attached to spikes, and spikes were securely driven
into the earth to stay in contact with the crust of the
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ground. The instrument was placed at a distance of
500m which is measured by the drone.
Measurement was done for all 36 blasts. The
maximum charge delay was maintained between
280-350 kg per hole. Each blast generates vibration
data, which is recorded and archived. The
seismograph recorded PPV for the longitudinal
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(R), vertical (V), and transverse (T) components,
vector sum velocity (VS), during the blasts, as
indicated in table 2.

5. Principal Component Analysis

In XLSTAT, the PCA generates a correlation
circle, essential for interpreting the data. The

Variables (axes F1 and F2: 50.33%

Spacing
Burden,
Ratio

Firing
Pattern

Decking
Length

mm
No of
Decks

No of
Holes

Average
Explosive
er hole
Kg

F2 (18.77%)

Mean
Fragmentation

.zem.V

Total Rock
Broken

ing
Lefigth, _ Hole
m  Diameter,
mm

F1 (31.56%)
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analysis divides variables into three categories:
positively correlated, negatively correlated, and
orthogonally correlated. Positively correlated
variables are closely spaced, negatively correlated
variables are in opposite quadrants, and
orthogonally correlated variables are in adjacent
quadrants, indicating no association.

Variables (axes F1 and F2: 60.32%

Hole PP
Diameter, mg/s
m

No of
Decks

Average

Explosive

er hole
Kg

Spaci
Burden
Ratio

F2 (20.76%)

Firing
Patter

Decking
Length
mm

Total Rocl
ing  Broken
h

Ster
Lefigt
m

F1 (39.56%)

Figure 19. (a) shows that MFS (Mean Fragmentation Size) has a positive relationship with stemming length, hole
diameter, and total broken rock, indicating that MFS increases as these parameters increase. Conversely, MFS
has a negative relationship with spacing burden ratio, firing pattern, decking length, number of decks, and
average explosive quantity, suggesting that a reduction in any of these parameters may lead to an increase in
MFS. Additionally, the number of rows and holes does not show any significant relationship with MFS.

Similarly, Figure 19(b) shows that PPV (Peak
Particle Velocity) has a positive relationship with
hole diameter, number of decks, and average
explosive quantity, indicating that PPV increases
as these parameters increase. Conversely, PPV has
a negative relationship with spacing burden ratio,

Variables (axes F1 and F2: 70.31%

Average
Explosive Firing
P:

per hole, afern
Complegsive
Hole Strengf
Diameter, fﬁ

Kg

F2 (30.75%)

MFS, mm

PPV,

Total Rocl
Stemfning  Broken
efigth

Lefigt

F1 (39.56%)

firing pattern, and decking length, suggesting that
a reduction in any of these parameters may lead to
an increase in PPV. Additionally, the number of
rows and holes does not show any significant
relationship with PPV. Figure 19 (¢ &d) presents
UCS & D80 relationship.

Variables (axes F1 and F2: 61.31%

F2 (26.75%)

F1(35.56%)

Figure 19 (a, b, ¢ & d): PCA Correlation Circle of MFS, PPV, UCS & D80
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Table 1. Blast Design Parameters
= Z - -
=] e : 2 =
w 7T v 2 ¢ £E; 327¢ S 2igif.2f _4s I=m
2 EE g 2 - mET 9§ if §2% S3if3iE %3 FFg 3E
°© &5 2 z z S 2% SR PE PR & T TE LR 2 E g2
S ¢4 25 g *® 53 3 3k -8° E s
1 Al 3 27 150 12 13 25 3 15 3 275 7425 Diagonal
2 Phase-A A2 5 27 150 12 12 25 2 25 3 375 10,125  Diagonal
3 D A3 3 27 150 12 13 25 2 35 3 300 8,100 Diagonal
4 Coal‘;‘d Bl 3 27 150 12 13 25 3 3 3 310 8,230 Line
5 Seam Phase-B B2 3 27 150 12 13 25 3 3 3 300 8,100 v
6 Bench B3 3 27 150 12 13 25 3 3 3 300 8,100  Diagonal
7 DI 3 27 150 12 13 25 2 15 3 190 5130  Diagonal
8 Phase-C D2 3 27 150 12 13 25 2 25 3 290 7,100 _ Diagonal
9 D3 3 27 150 12 13 25 2 35 3 220 5,940 v
10 A4 3 27 150 105 12 25 2 15 3 210 6,110 v
11 Phase-A A5 3 27 150 105 13 25 2 25 3 270 7,290 v
2 .0 A6 3 27 150 105 13 25 2 35 3 225 4,500 v
13 . ‘(’j‘ B4 3 27 150 105 13 25 2 3.1 3 230 6,210 Line
14 Csf’;; Phase-B B5 3 27 150 105 13 25 2 31 3 220 5940  Diagonal
15 pon B6 3 27 150 105 13 25 1 3.1 3 245 6,615 v
16 D4 3 28 150 105 13 25 2 15 3 200 5400  Diagonal
17 Phase-C D5 3 27 150 105 13 25 2 25 3 185 4,995 v
18 D6 3 27 150 105 13 25 2 35 3 230 6,210 vV
19 A7 3 27 150 11 13 25 3 15 3 240 6,480 v
20 Phase-A A8 3 29 150 11 13 25 3 25 3 320 9,280 %
21 A9 3 27 150 11 14 25 2 35 3 260 7,020 v
2 . B7 3 27 150 11 12 25 2 3 3 250 6,000  Diagonal
23 Ben‘ﬁlm Phase-B B8 3 28 150 11 13 25 2 3 3 265 7420 Line
24 BY 3 27 150 11 12 25 2 3 3 270 7,290 v
25 D7 3 27 150 11 13 25 2 15 3 195 5265 v
26 Phase-C D8 3 27 150 11 13 25 3 25 3 175 4,725 v
27 D9 3 27 150 11 13 25 2 35 3 210 5670  Diagonal
Table 2. Blast Results
Blast No Phases Fragmentation Ground Vibration Rock )
S.No Prediction Actual Distance _Frediction  Actual Compressive
Bench Phases ~ K50,mm K80,mm K50,mm K80,mm PPV,mm/s PPV,mm/s _ Strength, Mpa
1 0.67 1.66 0.55 1.59 500 491 433 62
2 the - 1.4 1.97 1.18 1.69 500 426 3.29 64
3 " 0.91 143 12 1.56 500 4.78 2.94 62
4 g g 1.2 1.66 1.6 2.49 500 4.02 4.56 59
3 ¢ Phase -
5 o 8 B 0.89 1.34 0.78 1.16 500 5.90 5.15 57
=]
6 g 0.55 122 0.65 1.42 500 422 4.79 61
10 o 0.44 0.89 0.65 2.08 500 2.11 3.21 63
11 ége' 038 097 0.89 1.13 500 2.95 2.80 67
12 0.31 0.88 1.21 0.94 500 2.04 221 63
13 0.88 1.66 1.02 1.95 500 3.20 3.52 56
@ Phase -
14 > N 1.1 1.97 1.59 2.34 500 3.01 2.78 59
15 g 0.91 143 0.89 1.22 500 3.08 1.94 47
[}
16 g 1.2 1.66 0.911 1.39 500 3.01 3.96 59
@ Phase -
17 & B 0.82 1.44 0.89 1.82 500 3.99 451 55
18 g 0.47 1.11 0.74 1.93 500 2.21 3.55 43
22 @ 0.38 0.75 1.3 0.95 500 2.04 2.55 50
23 g th(‘jse - 0.38 0.89 0.911 1.07 500 1.94 2.03 35
24 0.34 0.79 0.6 0.97 500 2.21 2.85 53
25 - 0.57 1.83 0.88 1.73 500 3.95 3.11 49
g% w Phase -
26 SES N 0.56 139 0.82 1.33 500 3.23 2.09 56
27 = 0.91 143 1.6 2.07 500 3.91 1.11 41
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6. Discussions
6.1. Relation between decking length — MFS &
PPV (Phase I):

In Phase I, three Decking lengths of 1.5m, 2.5m,
and 3.5m were used to reduce explosive quantity
where it was not necessary owing to the less rock
compressive strength present in the bench section.
The decking length was selected based on the
compressive strength of each site rock to explore
the impact on mean fragmentation size and peak
particle velocity. The decking incremental chosen
on the basis of column rock compressive strength.
Because the rock strength is decreased owing to

Journal of Mining & Environment, Vol. 16, No. 1, 2025

pre-existing discontinuities, less explosive is
enough to shatter the rock with proper placement.
Minimum MFS produced over three investigative
benches with 1.5m deck length is 0.73m, 2.5M
decking length is 0.82m and 3.5m decking length
is 0.43m as shown in figures 13 (a). Consequently,
PPV with the effective closure of cracks by the
stemming was reduced. From the above graph it
can be observed that the PPV is showing
decreasing trend and produced 1.11 mm/s with the
increase of decking length with 3.5m of boreholes
due to effective blinding of the joints and
transmission affected by the pre-existing joints as
shown in figure 13(b).

MEFS VS Decking Length,m
14

. [ ]

= 1.2 @
£ .
72}

z ° s
=
E 0.8 ° L

g 0.6

0.4 L
=

= 02

g
= 0

1 2 3 4
Decking Length,m

PPV VS Decking Length,m

09 o

Peak Particle Velocoty,mm/s
[\S]
L J

Decking Length,m

(@)

(b)

Figure 13(a&b). Relation between decking length — MFS & PPV

6.2. Relation between Firing Patterns — MFS &
PPV (Phase II)

In Phase 11, it is observed that in all three firing
patterns, V produced good fragmentation sizes are
hovering between 0.35 to 0.41m, perpendicular
firing initiation with V pattern made reduction in
hole burdens and increased spacing at the time of
hole initiation and in-flight collision of broken rock
during its movement, the lowest MFS 0.41mm can
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be seen in figure 14(a). In case of PPV, safe PPV
produced in between 2.28 to 3.1mm/s in different
monitoring distances with V firing pattern due to
cancellation of the wave patterns generated by
simultaneous holes on both the arms of the V as
compared to diagonal or line firing patterns, except
few blasts PPV little higher due to presence of only
one joint set causing no attenuation rather rock
absorption. The lowest PPV recorded was
2.28mm/s as shown in figure 14(b).
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Figure 14(a&b). Relation between firing pattern - MFS & PPV

6.3. Relation between Combination of Firing
Patterns & Decking Lengths — MFS & PPV
(Phase III)

The combination of decking length and firing
pattern was explored sequentially in Phase IIL

Since both are required to alter to meet blast
configuration as per rock compressive strength.
The decking lengths of 1.5 m, 2.5 m, and 3.5 m, as
well as the firing patterns diagonal and V were
repeated since they produced better blasting results
in its individual phases.
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Figure 15 (a&Db). Relation between firing pattern & decking length combinations — MFS & PPV

The link between MFS, decking length, and
firing pattern is depicted in figure 15(a). As far as
feasible, the decking is done to block the primary
horizontal seam while adhering to the predicted
decking length. When the decking length was 3.5
m, the V firing pattern generated excellent mean
fragmentation size 0.35m. This technique lowered
explosive amount while increasing explosive
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intensity in week and less compressive strength
rocks ranging 35 to 41Mpa.

The lower PPV indicates the efficacy of
concealing the geological discontinuities that may
be encountered in the borehole. Decking length 3.5
m indicates a significant decline in PPV of 1.49
mm/s at 500m as shown in figure 15(b) and a
maximum of 2.85mm/s at the same distance.
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Figure 16 (a&Db). Relation between UCS — MFS & PPV

MFS increases as the compressive strength of
the rock mass increases. When rock strength
fluctuated between 35 and 50 MPa, good
fragmentation 0.35 to 0.65m was produced, and
MEFS rose continuously with rock UCS as seen in
the figure 16(a). The high uni-axial compressive
strength  UCS suggests that either the rock
components or the cementing substance that binds
them are strong. As a result, the PPV is projected
to be greater as the rocks are subjected to higher
detonating velocities before succumbing to
explosive strength. PPV raised with UCS as
competent rock creates a path for PPV to migrate
to the next layer as shown in figure 16(b). When
the rock UCS is 40 and the PPV is 1.11mm/s, the
PPV increases. The variable compressive strength
of the rock aided in the selection of various blast
combinations in all phases.

7. Conclusions

e The drone substantially aided in the capturing blast
fragmentation images in uncertain environments,
which is difficult to perform conventionally by
human. With its satellite-based remote control,
determining directions and distances between
desired sites becomes simple.

e Al-based softwares excelled to properly predict and
analyze rock fragmentation sizes and ground
vibration with closer values. The accuracy of the
results is discovered to be dependent on the quality
and quantity of drone images.

e Principle Component Analysis well assist in
understanding the relationship among the dependent
and independent variables.

e Satisfactory fragmentation and PPV achieved by
combining re-engineered decking length and firing
pattern  with rock  compressive  strength
consideration rather than considering them
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separately. Combination of 3.5m decking length and
V firing pattern produced good mean fragmentation
size and safe PPV i.e., 021mm and 1.11mm/s.

e Rock compressive strength of 40-50 Mpa caused
good fragmentation, although PPV increased with
increasing rock strength, however the PPV value is
relatively low when compared to A, B, and C phases.

e The study concluded that using the Tri-
Consideration of decking length, firing pattern, and
rock compressive strength, blasting could be done in
an effective and safe manner in OB benches.

References

[1]. Jhanwar, J. C., Chakraborty, A. K., Anireddy,
H. R., & Jethwa, J. L. (1999). Application of air decks
in production blasting to improve fragmentation and
economics of an open pit mine. Geotechnical and
Geological Engineering, 17, 37-57. Kluwer Academic
Publishers.

[2]. Atlas Powder Company. (1987). Explosives
and Rock Blasting. Dallas, Texas: Maple Press.

[3]- Hustrulid, W. (1999). Blasting Principles for
Open Pit Mining, General Design Concepts (Vol. 1).
A.A. Balkema.

[4]. Hayat, M. B, Alagha, L., & Ali, D. (2019). Air
decks in surface blasting operations. Journal of Mining
Science, 55(6), 922-929.

[5]- Zhang, X. J., Wang, X. G, Yu, Y. L., & Yang,
D. Q. (2018). The application of deck charge technology
in Hua Neng open pit mine. E3S Web of Conferences.

[6]. Choudhary, B. S. (2013). Parameters and
fragmentation in quarry blasts. International Journal of
Research in Engineering and Technology, 2(9).

[7]- Balamadeswaran, P., Mishra, A. K., Sen, P., &
Ramesh, S. (2018). Investigations into the influence of
decking on rock fragmentation and ground vibrations by



Chandrahas et al.

blasting in shallow benches of limestone quarries—A
case study. Journal of Mines, Metals and Fuels, 66.

[8]. Park, D., & Jeon, S. (2010). Reduction of blast-
induced vibration in the direction of tunneling using an
air-deck at the bottom of a blasthole. International
Journal of Rock Mechanics and Mining Sciences, 47(5),
752-761.

[9]. Chi, E. A, Liang, K. S., & Zhao, M. S. (2012).
Experimental study on vibration reduction of the hole
bottom air space charging. Journal of China Coal
Society, 37(6), 944-950.

[10].  Abdall, M. (2014). The environmental impacts
of air-deck blasting. University of New South Wales.

[11].  Chiappetta, F. (2004). New blasting technique
to eliminate subgrade drilling, improve fragmentation,
reduce explosive consumption, and lower ground
vibrations. Journal of Explosives Engineering, 21(1),
10-12.

[12]. Roy, S., & Singh, R. S. (2011). Use of spacer
aided initiation technique in solid blasting in Indian
underground coal mines. Journal of Mining Technology,
120(1), 25-35.

[13].  Chandrahas, N. S., Choudhary, B. S., &
Venkataramayya, M. S. (2023). Competitive algorithm
to balance and predict blasting outcomes using
measured field data sets. Computational Geosciences,
27, 1087-1110. https://doi.org/10.1007/s10596-023-
10254-x.

[14]. Chandrahas, N. S., Choudhary, B. S., &
Venkataramayya, M. S. (2023). Firing pattern and
spacing burden ratio selection in jointed overburden
benches using unmanned aerial vehicle and artificial
intelligence-based tool. In Proceedings of the Second
International Conference on Emerging Trends in
Engineering (ICETE 2023).
https://doi.org/10.2991/978-94-6463-252-1_134.

[15]. Ramesh, D., Chandrahas, N. S.,
Venkatramayya, M. S., Naresh, M., Talari, P., Prasad,
D. U. V. D, Kumar, K. S., & Kumar, V. V. (2023).
Effects of spacing-to-burden ratio and joint angle on
rock fragmentation: An unmanned aerial vehicle and Al
approach in overburden benches. Acadlore Transactions
on Geosciences, 2(3), 155-166.
https://doi.org/10.56578/atg020303.

[16].  Chandrahas, N. S., Fissha, Y., Choudhary, B.
S., Taiwo, O. B., Venkataramayya, M. S., & Adachi, T.
(2024). Experimental data-driven algorithm to predict
muckpile characteristics in jointed overburden bench
using unmanned aerial vehicle and AI tools.

109

Journal of Mining & Environment, Vol. 16, No. 1, 2025

International Journal of Mining, Reclamation and
Environment, 1-35.

https://doi.org/10.1080/17480930.2024.2340876.

[17]. Li, E., Yang, F., Ren, M., Zhang, X., Zhou, J.,
& Khandelwal, M. (2021). Prediction of blasting mean
fragment size using support vector regression combined
with five optimization algorithms. Journal of Rock
Mechanics and Geotechnical Engineering, 13(6), 1380—
1397. https://doi.org/10.1016/j.jrmge.2021.07.013.

[18]. Li, E., Zhou, J., Biswas, R., Ahmed, Z. E. M.
E., & Bui, X. N. (2024). Fragmentation by blasting size
prediction using SVR-GOA and SVR-KHA techniques.
In H. Nguyen, X. N. Bui, E. Topal, J. Zhou, Y. Choi, &
W. Zhang (Eds.), Applications of Artificial Intelligence
in Mining and Geotechnical Engineering (pp. 343-360).

Elsevier.  https://doi.org/10.1016/B978-0-443-18764-
3.00014-X.
[19]. Naresh, M., Chandrahas, N. S., Kumar, P. G.,

& Murthy, V. M. S. R. (2024). Harmonizing blasting
efficiency: A case study on evaluation and optimization
of fragmentation size and ground vibration. Journal of
the Institution of Engineers (India): Series D.

[20]. Kannavena, S. K., Pradeep, T., Chandrahas, N.
S., et al. (2024). Prediction of back break using
sensitivity analysis and artificial neural networks.
Journal of the Institution of Engineers (India): Series D.

[21]. Sasaoka, T., Takahashi, Y., Hamanaka, A.,
Wahyudi, S., & Shimada, H. (2019). Effect of delay time
and firing patterns on the size of fragmented rocks by
bench blasting. In Proceedings of the International
Symposium on Mine Planning and Equipment Selection
(pp- 449-456). Springer Nature Switzerland.

[22].  Sri Chandrahas, N., Choudhary, B. S., Teja, M.
V., Venkatramayya, M. S., & Krishna Prasad, N. S. R.
(2022). XGBoost algorithm to simultaneous prediction
of rock fragmentation and induced ground vibration
using unique blast data. Applied Sciences, 12(5629).

[23]. Sri Chandrahas, N., Choudhary, B. S., Krishna
Prasad, N. S. R., Venkatramayya, M., & Rao, K. K.
(2021). An investigation into the effects of rockmass
properties on mean fragmentation. Archives of Mining
Science, 66(4), 561-578.

[24].  Choudhary, B. S. (2013). Parameters and
fragmentation in quarry blasts. International Journal of
Research in Engineering and Technology, 2(9).

[25]. Hayat, M. B., Alagha, L., & Ali, D. (2019). Air
decks in surface blasting operations. Journal of Mining
Science, 55(6), 922-929.



P PO o e sl oylass s jlamme 5 oo dibsy — sale 4 i Shlen 5 ulal,uil>

ol gl 5 il 5950 5 U Jobo (gnoxs 5 (g

Sl ¥ gl oS 9 "Lk ol lagy Lol By (ol ol T (g 1097 S Hlgiles e el il (g o

GMMCO Technology Services Limited (GTS LTD) -\
olis JIT(ISM) «yize (oawvikiteo 09,5 Y
oL yau> OU «COE (yzo (cusiigen 09,5 —¥
o5 oS T ST olls  Mall i @alin oke (aoSS & 5and o SL2d15 sgtlio 512 313 (ko 3 (55993350 335 om0 poke 09,5 —F

4 5z 095 T J1jad (59U olKiils ((yuxo Wi 09,5 -0
VOYRVITY Lbpdy Yo VE Y o)

Srichandru2009@gmail.com L3l Jgime odiun g #

RS

S 50 Ay (A aS5 4SS 05 s dy sl solul 5 (gLl (gl el )l eiSos ol ey Sl g sy 4 5L TS il ldas plosil sl
I 550 15 (glos] o o S S panlSe ] et g (g )li> a0 JSie aloyl el YLl s52g el o bl ke JBlas L
ol Joe SO gy 550 )l 5l Ba aes go Lo 4y lxail (5551 g (5,105 S5 Jsbo Sl 51 g 5L 9550 50 (605 peeal 0590 58 Sloyl (YLl
ool (53031 5 rdile (65 0k (sl S ad iy (gl 331 p i Sl andllas ol 5 o 4 ol jebiie 4y ol JLail gl 5 20 St lp oS

s eslizl e

Sl sl cas e Job PPV (o 5,5 i goadS Glals




