[ ]
| Mining of Mineral Deposits

DNIPRO UNIVERSITY Volume 15 (202_’]_), Issue 4, 34-42 JOURNAL / MINING.IN.UA
of TECHNOLOGY

UDC 622.235 https://doi.org/10.33271/mining15.04.034

Analysis of blasted rocks fragmentation using digital image processing
(Case study: Limestone quarry of Obajana Cement Company)

Kayode A. Idowu>™ ©, Boluwaji M. Olaleye*~, Muyideen A. Saliu®*

tUniversity of Jos, Jos, 930003, Nigeria
2Federal University of Technology, Akure, 340252, Nigeria

*Corresponding author: e-mail idkayus@gmail.com, tel. +2348033401869

Abstract

Purpose. Blasting is an important aspect of mining activities in which fragmentation is the key component that determines
its efficiency. Fragmentation is the first result of blasting, and is directly related to the costs of mining.

Methods. There are two basic methods for determining the degree of rock fragmentation, the direct and indirect methods.
The direct method includes sieve analysis while the indirect method involves observational, empirical and digital image
processing methods. The digital image processing method with the aid of Split Desktop software was used in this study, to
analyze the size of fragmentation in Obajana limestone quarry. Two pits of similar line of operation were considered.

Findings. In each of the pits considered, five muckpiles of blasted rocks after blasting with different blasting patterns were
analyzed to study the fragmentation phenomenon. The Fg and Fgo values from the Split Desktop image analysis for the
5x3 mand 4x3 m in Pit 1 and Pit 2 were approximately 87.96 and 96.20 cm; and 91.34 and 98.66 cm respectively. Also, the
Fso and Fgo values obtained from the Kuz-Ram model for the 5x3 m and 4x3 m of Pit land Pit 2 were 99.9967 and
99.9994 cm; and 99.9957 and 99.9993 cm respectively. The results of the Split Desktop were compared to the results of the
Kuz-Ram experiential model. The values of Fgo and Fgo of the blasted rocks are very close to the crusher gape value of 1 m,
which reduces the production costs, and that is an outcome practically realized for the two pits of Obajana quarry.

Originality. The findings showed that the output obtained from the Split Desktop software which is a digital image pro-
cessing method were in conformity with the Kuz-Ram experiential model which is based on empirical relationship.

Practical implications. In conclusion, the results of the investigation have significant implications for the practical applica-
tion. It gives more options to explore for rock blast fragmentation efficiency of the desired area.
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1. Introduction role in control and reduction of loading, transportation, and
crushing expenses [6]-[8]. The efficiency of these operations
depends on the size distribution of blasted rocks. It is there-
fore important for measurement and analysis of fragmenta-
tion of blasted rock masses [6]. To essentially optimize blast
fragmentation, elimination of extremely big fragments or
minimization of excessive fines in the muckpile must be
considered. Kuz-Ram model has been used to appraise blast
design alternatives and minimize the number of trial blasts to
produce the required optimal results [9]. The most common
empirical model to evaluate blast fragmentation is the Kuz-
Ram model established by Kuznetsov [10]. The Kuz-Ram
model [10] is an empirical relationship that evaluates blast
fragmentation by incorporating blast design parameters —
blast geometry, explosive characteristics, quantity of explo-
sive used and rock factors. Kuz-Ram model measures frag-
mentation by estimating the 50% passing block size of a

Blasting operation involves breaking or loosening the
rock, ore and waste into minimum size and to extract largest
possible size at minimum cost. Drilling and blasting are
necessary to penetrate and fragment the rock mass and is
given a generic term rock breakage. The first objective of
blasting is to achieve size reduction of maximum amount of
earth material at a reduced cost. To achieve this objective,
quantitative and qualitative requirements of blast fragmenta-
tion are necessary conditions that must be met [1], [2]. Blas-
ting is carried out in mining and quarrying to reduce the in-
situ rocks to smaller size fragments that can be easily han-
dled by the available loading and haulage equipment. The
size of fragments obtained must also not exceed the gape of
the crushing plant for efficient operation. Hence, blasting
could be seen as the first comminution process in quarrying
and mining [3]-[5]. Fragmentation degree plays an important
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muckpile. There are two major methods for assessment of
blast fragmentation. The methods are direct, which includes
the sieving analysis method and indirect, which includes
observational, experimental and image analysis me-
thods [11], [12]. Each of the models has its intrinsic merits
and de-merits. However, digital image analysis is a product
of technological advancement and has become the most
commonly used indirect approach for evaluating blast frag-
mentation [6], [13]-[15]. To compare the results of the two
techniques, statistical ana-lyses were performed.

To determine the grain size distribution, the mechanism
requires three basic phases using the image analysis method,
these are; selection of sampling site, imaging, and image anal-
ysis. The sampling phase involves selection of sites to obtain
samples that represent the blasted rock mass. At the imaging
phase, high quality images, which can be analyzed in the im-
age analysis phase, are prepared. In the last phase, the size
distribution of fragments marked on the image is measured
after drawing the perimeter of fragments on the image [11].

Generally, digital image processing programs are opera-
ted the same way, therefore, it is only some unique features
which makes the distinctions among these programs. One of
its biggest advantages is its ability to display real-time meas-
urement results, which can consequently be used to quickly
transmit information to control systems, allowing them to
process the data online [16].

Split Desktop image analysis software was used in this
re-search to study fragmentation. Split Desktop is one of the
latest digital images processing software, featuring ad-
vantages such as a more user-friendly interface compared to
its previous versions. More importantly, the results of this
software are more accurate and involve less error. Because of
these suitable features, this research is carried out using Split
Desktop worldwide.

2. Methods

Four blasting operations at Obajana Quarry face (two
blasts from each Pit 1 and 2 of the same line of operation)
were studied and the resulting fragmentation evaluated
using the Split Desktop. Split Desktop is designed for
analysis of digital images obtained from the digital camera
and for determining the rock fragmentation gradation dis-
tribution. The best basic version of this software was de-
veloped by some researchers from the mining engineering
and earth sciences department of Arizona University in the
United States of America. The merit of this software can
be found in [17].

Split Desktop software involves five main phases of analy-
sis for each image. The image is scaled in the first stage. The
second stage is dedicated to segmentation of rock fragments in
each image. The third stage allows the permission for editing
the desired rock fragments to ensure precision of results. The
fourth stage involves analysis of rock fragments marked in the
image. Finally, in the fifth phase, the size distribution results
are displayed in the form of diagrams [18].

2.1. Description of the study location

Dangote Cement Plant is one of the biggest industrial
units of Nigeria located in Obajana town of Kogi State,
Nigeria. The limestone deposit is located at the Oyo Iwaa
village, which is about 12 km North East of Obajana town
and it is approximately 200 km South West of Abuja, the
capital of Nigeria. The large deposit of limestone is availa-
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ble in the North of the hosting community, Oyo Iwaa and it
is located by grid reference latitude 07°59'48.1” N and
longitude 006°25'59.6’ E. The Oyo Iwaa limestone deposit
exhibits undulated to hilly topography with a gentle slope
towards the North East. The vegetation in the area is Guin-
ea savanna type which is a mixture of two types; savanna
woodland, where trees and shrubs form a fair close canopy
and tree savanna, where trees and shrubs are scattered. The
area which appears to occupy two shallow valleys is
drained mainly by Mimi River and its tributaries which
form the dendrite pattern of drain-age surrounded by ridges
of gneiss and discharge their water southward into river
Niger [19]. This area of study is as well characterized with
distinctive wet and dry season. The rainy season is between
the period of April to September or October with annual
rainfall of about 12000 mm and mean temperature of about
30°C. The dry season begins from October to around March
and it is very humid [20].

The effective use of land in that area is strictly on quar-
rying of raw material for cement production. There is a
scattered settlement within the study area which the villag-
ers use the vast land for agricultural operations such as
farming, fishing, hunting and timbering. The geological
map of Kogi State indicating the study area is as shown in
Figure 1. The elevation of the plain at which the factory
was located was about 230 m above the sea level.

+Agbaja

STUDY AREA

Major Road =~ River

Figure 1. Geographical Map of Kogi State, Nigeria

The success of Obajana Cement Company is hinged on
its use of low-cost and high-quality raw materials, which are
available in the town and its environs. The benches in Pit 1
and Pit 2 of the mine generally have heights of 14.5 and
9.5m respectively, and similar blast holes diameter of
125 mm. The sub-drilling is assumed to be 1 m.

In both pits, low and high explosive type of 18 and 22 kg
were used. Considering the blast pattern, the primers are dis-
tributed differently in the blast holes. The powder factor used
in Pit one and Pit two are 3.2 and 2.5 kg/tons respectively.
In addition, ANFO of 16 kg is used in each pit as the
main charge, while electric detonators are used in each blast
holes to blasting.

To begin blasting, the first-row blast holes are blasted
with a 2-unit delay. The delay between 2 consecutive detona-
tors is 17 and 25 milliseconds. A delay of 0.05 s is applied to
ensure the efficiency of explosion between two rows of blast
holes and to improve fragmentation. Figures 2 and 3 show the
site following the blasting operation.
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Figure 3. Obajana Quarry Site after Blasting (Pit 2)

3. Results and discussion

The results of processing and analyzing information on
the blasted rock fragments are recorded as follows.

A total of ten blasted muckpiles (five each from the two
pits) were analyzed.

At Obajana Cement Mine, there are two major types of
Crushers; Impact Crushers (for Lines 1 and 2, and Line 5) and
Double Roll Crushers (for Lines 3 and 4). The Impact Crush-
ers for limestone are supplied by Hazemag GmbH while the
Double Roll Crushers are supplied by TKF (ThyssenKrupp
Forder technique) GmbH. The feed for Obajana Cement
Plant’s crusher varies from line to line. The lines are for dif-
ferent crushers. Pit one and Pit two serves the lines. For line
one and two, the feed is between 1-1.2 m for fine rocks and
1.5m for larger rocks depending on the height of blow bar.
While for line three and four, it is 1 m to avoid interlocking of
stones. The latter rocks are known as boulders and need sec-
ondary fragmentation which brings additional costs, and hence
the pattern specified for each blast operation should be de-
signed such that more desirable fragmentation and the highest
efficiency are obtained at low drilling and blasting costs.

A total number of five muckpiles for each Pit were ana-
lyzed. In the first Pit, the burden thickness was 5 m with the
longitudinal spacing of blast holes of 3 m. In the second Pit,
the burden thickness was 4 m with the longitudinal spacing
of blast holes of 3 m. Apart from the values of burden thick-
ness, longitudinal spacing of blast holes and powder factor
that were different, other parameters of drilling pattern and
blasting were the same for the two pits.

36

Tables 1 and 2, present the data for drilling and blasting
of Pit 1 and Pit 2 respectively.

Table 1. Data for drilling and blasting of Pit 1

SIN Parameter Value
1 Burden (m) 5
2 Spacing (m) 3
3 Bench height (m) 14.5
4 Hole diameter (mm) 125
5 Stemming (m) 3
6 Sub-drill (m) 1
7 Powder factor (kg/tons) 3.2
8 Quantity of explosive ANFO = 16 kg
per meter
. Low explosive = 18 kg
9 Explosive type Bulk emulsion = 22 kg
L 17 ms
10 Delay time/interval 25 ms
Table 2. Data for drilling and blasting of Pit 2
SIN Parameter Value
1 Burden (m) 4
2 Spacing (m) 3
3 Bench height (m) 9.5
4 Hole diameter (mm) 125
5 Stemming (m) 25
6 Sub-drill (m) 1
7 Powder factor (kg/tons) 25
8 Quantity of explosive ANFO = 16 kg
per meter
. Low explosive = 18 kg
9 Explosive type Bulk emulsion = 22 kg
N 17 ms
10 Delay time/interval 25 ms

Results of analyzing the fragmentation of the five muckpiles
in each of the two Pits with the use of Split Desktop are shown in
Tables 3 and 4. From these tables, average values of Fs, Fio, F2,
Fso, F4o, Fso, Feo, F70, Fgo, Fao and Fioo obtained from analysis of
images of blasted rocks from the Pits are listed from the Table 5,
the final average values of Fgy and Fgo for both pits are very close
to the gape of the crusher (i.e. 87.96 and 96.20 cm for Pit 1;
91.34 and 98.66 cm for Pit 2). This indicates that both Pits 1 and
2 contain high-quality limestone and has relatively desirable
geological and tectonic conditions as well as joints and cracks.
However, the only difference between the two pits is the burden
dimension which is reduced by 1 m, bench height is reduced by
5 m and powder factor is reduced by 0.7 kg/ton in Pit 2.

Table 3 and 4 show the values of Fs, Fio, F20, F30, Fa0, Fso,
Feo, F70, Fso, Foo and Figo obtained from analysis of images of
blasted rocks of the five Muckpiles in each of Pit 1 and Pit 2.

Table 3. Values obtained from Split Desktop image analysis of
blasted rocks in Pit 1

Muckpile A B C D E
Fs 3.60 20.9 14.6 18.5 10.4
Fio 9.21 32.7 28.2 26.2 18.1
Fa0 28.7 435 375 39.5 28.7
Fao 47.1 51.1 441 47.1 47.1
Fao 52.3 57.8 51.7 52.7 52.3
Fso 64.8 62.9 66.9 63.8 78.5
Feo 70.1 74.3 73.1 70.9 82.4
Fro 75.9 80.9 87.4 78.4 87.5
Fso 82.4 88.7 91.8 85.7 91.2
Foo 96.5 95.1 99.6 90.3 99.5
F1o0 100 100 100 100 100
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Table 4. Values obtained from Split Desktop image analysis of
blasted rocks in Pit 2

Muckpile A B C D E
Fs 12.7 10.4 15.6 18.3 14.7
Fio 21.9 22.6 20.1 29.5 234
F20 38.3 39.8 46.6 41.9 38.2
Fao 49.7 55.0 50.3 52.4 425
Fao 60.2 60.1 62.8 61.9 57.8
Fso 67.1 69.8 73.5 73.7 62.9
Feo 78.6 75.9 82.0 81.0 70.3
Fro 84.3 80.7 90.8 87.3 82.4
Feo 90.2 87.2 96.2 92.6 90.5
Fao 99.6 96.4 99.9 98.2 99.2
F100 100 100 100 100 100

Analysis of the Fgo and Fg values obtained from the frag-
mentation analysis of both Pits 1 and 2 indicate average val-
ues of 87.96 and 96.20 cm; and 91.34 and 98.66 cm respec-
tively, which is smaller than the crusher’s gape. Although this
pattern yields a suitable Fgo value, it increases drilling costs
by adding to the number of blast holes, which is not economi-
cally desirable. Figure 4 depicts the cumulative grain-size
curves obtained from analysis of the five images A-E of Pit 1,
while Figure 5 shows the cumulative grain-size curves ob-
tained from analysis of the five images A-E of Pit 2.

In comparing the Image Analysis results with the results
of Kuz-Ram experiential model, the results and diagrams
obtained from the Kuz-Ram experiential model reveals that
the model is suitable for the conditions of Obajana Cement
Limestone quarry, because the results are similar to the re-
sults of digital image analysis in Split Desktop.

According to Tavakol and Hosseini [16], Souza et al. [21]
Equation (1) is used for the purpose of this comparison. The
results generated from the digital image analysis are com-
pared to results of the Kuz-Ram experiential model:

0.633
115 1)
RWSanfo

X5 = A-(PF) 2. Me0167 [
where:

Xso — particle size of muckpile (cm);

A —rock coefficient, which is assumed to be 10;

PF — specific charge (kg/md);

Me — charge mass per blast holes (kg);

RWSanio — the relative weight strength of the explosive to
ANFO (%).

Equation (2) is used for size distribution curve:

R(x)=1—e_[’><(cj : @)

where:

R(X) — % passing through the screen opening of size X;

X — screen size (cm);

Xc — the characteristic size (cm);

n — uniformity index.

Uniformity index and characteristic size were calculated
using Equations (3) and (4):
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Figure 4. Cumulative grain-size curves of image analysis of blasts

in Pit 1: (a)image A; (b)image B; (c)image C;
(d) image D; (e) image E



K.A. Idowu, B.M. Olaleye, M.A. Saliu. (2021). Mining of Mineral Deposits, 15(4), 34-42

(@)
Size Distribution Curve
10
g A
‘% 80
1)
[ 1[
t 60 £
o
©
E 40
)
o
13
o 20
[-9 =
1.0 10.0 100.0
size [cm]
Size Distribution Curve
10
o
£
1
I}
o
& g0
]
o
[
"é 40
Q
[
-
g 20 =
1.0 10.0 100.0
size [cm]
(©)
Size Distribution Curve
100,
o
£
‘D 80
I}
©
)
]
o
]
"E 40
[}
[
o 20 —
o
1.0 10.0 100.0
size [cm]
Size Distribution Curve
101
=)
£
® 80
1)
©
& 60
‘é 40
[}
o
B
° <0
-8
1.0 10.0 100.0
size [cm]
(e)
Size Distribution Curve
10
o
£
» 80
]
o
t 60
g, V.4
T 40
o
o
o 20 A
o

10.0
size [cm]

100.0

Figure 5. Cumulative grain-size curves of image analysis of blasts
in Pit 2: (a)image A; (b)image b; (c)image C;
(d) image D; (e) image E
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Xso__
(0.693)""

X = (4)

where:

L — the charge length (m);

H — the bench height (m);

S — longitudinal spacing of blast holes (m);

B — the burden (m);

d — the blast holes diameter (mm);

E, — the blast holes deviation [22].

Figures 6 and 7 show the size distribution curve of the
blast design obtained from the Kuz-Ram model for the two
pits while Figures 8a-e and 9a-e compare the Kuz-Ram
curve with the five results obtained from the Split Desktop
for Pit 1 and Pit 2 respectively. The Split Desktop analyses
show a closely related particle size distribution for the five
blasts in each of the two pits with uniformity indices of
1.26 and 1.38 respectively.
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Figure 6. Kuz-Ram size distribution curve for blast design in Pit 1
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Figure 7. Kuz-Ram size distribution curve for blast design in Pit 2

It is observed that the particle size distribution obtained
from the Kuz-Ram model significantly deviates from that of
the Split Desktop model despite showing similar trends,
while the Kuz-Ram model shows that all the fragments of the
muckpile are less than 100 cm benchmark.

Table 5 shows the results of the Kuz-Ram experiential
model for both Pit 1 and Pit 2.

Details of the percentage passing obtained from the pits
and Kuz-Ram analyses are shown and compared in Tables 6
and 7, while Tables 8 and 9 show the characterization fea-
tures of the analyses.

The five independent results for each of the pits from
Split Desktop are very close as shown in Figures 10 and 11
and thereby showing the same design. The differences be-
tween them can be attributed to their variations in rock mass
structural features [23], [24].



K.A. Idowu, B.M. Olaleye, M.A. Saliu. (2021). Mining of Mineral Deposits, 15(4), 34-42

(a)
100
_ 80
z
~ 60
o
E —— Kuz-Ram R(X)
é 404 Split Desktop A R(X)
X
20
0-
0 20 40 60 30 100
Size X (cm)
(b)

—— Kuz-Ram R(X)
—— Split Desktop B R(X)

% Passing R(X)

0
0 20 40 60 80 100
Size X (cm)
(©
100 —
80
o)
& 60
on
E —— Kuz-Ram R(X)
é 40 Split Desktop C R(X)
X
20
0-
0 20 40 60 80 100
Size X (cm)
(d)
100
80
(<)
& 60 -
on
g —— Kuz-Ram R(X)
é 40 —— Split Desktop D R(X)
=X
20
0
0 20 40 60 80 100
Size X (cm)
(®)
100
_ 80
%
~ 60 -
2
'z —— Kuz-Ram R(X)
£ 40 Split Desktop E R(X)
=X
20
0
0 20 40 60 80 100
Size X (cm)

Figure 8. Kuz-Ram versus Split desktop size distribution curves in
Pit 2: (a) for blast A; (b) for blast B; (c) for blast C;

(d) for blast D; (e) for blast E

39

% Passing R(X)

@)
100 -
80 -
60 -
—— Kuz-Ram R(X)
40 Split Desktop A R(X)
20

0 T
0 20 40 60 80 100
Size X (cm)
(b)
100
_ 80
o)
& 60 -
on
g —— Kuz-Ram R(X)
é 40 —— Split Desktop B R(X)
=X
20
0
0 20 40 60 80 100
Size X (cm)
(©)
100 T
_ 80
)
~ 60
g
‘2 —— Kuz-Ram R(X)
g 40 Split Desktop C R(X)
X
20
0
0 20 40 60 80 100
Size X (cm)
(d)
100
80
%,
~ 60
o
. E —— Kuz-Ram R(X)
é 40 —— Split Desktop D R(X)
X
20
0
0 20 40 60 80 100
Size X (cm)
(e)
100
80
%
~ 60
o
é —— Kuz-Ram R(X)
é 40 4 Split Desktop E R(X)
x
20
0 | v
0 20 40 60 80 100
Size X (cm)

Figure 9. Kuz-Ram versus Split desktop size distribution curves in
Pit 2: (a) for blast A; (b) for blast B; (c) for blast C;

(d) for blast D; (e) for blast E



K.A. Idowu, B.M. Olaleye, M.A. Saliu. (2021). Mining of Mineral Deposits, 15(4), 34-42

Table 5. Results of the Kuz-Ram experiential model for Pit 1 and

Pit 2
Size (cm) Pit 1 Pit 2
Fs 26.6455 19.6769
F1o 52.4973 43.4657
F20 83.2741 77.3378
Fso 94.9504 92.5558
Fao 98.6374 97.9013
Fso 99.6641 99.4791
Feo 99.9233 99.8842
Fro 99.9836 99.9767
Fso 99.9967 99.9957
Foo 99.9994 99.9993
F1o00 99.9999 99.9999

Table 6. Basic percentage passing for Kuz-Ram and Split Desktop
analyses of Pit 1

Size, X Kuz-Ram,

Split Desktop blast

(cm) % A% B% C% D% E%
100 99.9999 100 100 100 100 100
90 99.9994 965 951 996 903 995
80 99.9967 824 887 918 857 91.2
70 99.9836 759 809 874 784 875
60 99.9233 701 743 731 709 824
50 99.6641 648 629 669 638 785
40 98.6374 523 578 517 527 523
30 94.9504 471 511 441 471 471
20 83.2741 287 435 375 395 287
10 524973  09.2 327 282 262 18.1

5 266455  03.6 209 146 185 104

Table 7. Basic percentage passing for Kuz-Ram and Split Desktop
analyses of Pit 2

Size, X Kuz-Ram,

Split Desktop blast

(cm) % A% B% C% D% E%
100 99.9999 100 100 100 100 100
90 99.9993 99.6 96.4 99.9 98.2 99.2
80 99.9957 90.2 87.2 96.2 92.6 90.5
70 99.9767 84.3 80.7 90.8 87.3 82.4
60 99.8842 78.6 75.9 82.0 81.0 70.3
50 99.4791 67.1 69.8 735 73.7 62.9
40 97.9013 60.2 60.1 62.8 61.9 57.8
30 92.5558 49.7 55.0 50.3 52.4 42.5
20 77.3378 38.3 39.8 46.6 41.9 38.2
10 43.4657 21.9 22.6 20.1 29.5 23.4
5 19.6769 12.7 10.4 15.6 18.3 14.7

Table 8. Characterization features of the analyses from Pit 1

Xso (cm) X (cm) n
Kuz-Ram 9.45 12.64 1.26
Split Desktop of blast A 38.6 51.64 1.26
Split Desktop of blast B 28.9 38.66 1.26
Split Desktop of blast C 39.8 53.25 1.26
Split Desktop of blast D 34.8 46.56 1.26
Split Desktop of blast E 32.8 43.88 1.26

Table 9. Characterization features of the analyses from Pit 2
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Figure 10. Kuz-Ram versus Split desktop size distribution curves
for blast A, B,C,Dand E in Pit 1
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Figure 11. Kuz-Ram versus Split desktop size distribution curves
for blast A, B, C, Dand E in Pit 2

According to Shehu et al.[3], fragmentation indicator (FI)
for assessing the quality of blast fragmentation is as ex-
pressed in Equation (5):

®)

where:

FI — fragmentation indicator;

Xir — expected ideal mean size of the blasted material
from Kuz-Ram model (cm);

Xom — Size of blasted muck pile from particle distribution
analysis (cm).

The fragmentation efficiency is given by the fragmenta-
tion indicator (FI) by comparing the fragment produced with
the estimated ideal size obtained from the Kuz-Ram model
by incorporating blast design parameters and rock factor. If
the value of FI is less than unity (1), it implies that the ave-
rage fragment size obtained is larger than the ideal size and
when the value of FI is greater than or equal to 1, it shows a
highly efficient fragmentation with average fragment size
less than or equal to the ideal size [3]. However, the value of
FI could hardly be greater than 1. Tables 10 and 11 show the
fragmentation indication values for the five blasts for Pit 1
and Pit 2 respectively.

It is observed that the blast event values from Pit 2 (var-
ied from 0.322 to 0.450) are higher than the values of blast
events of Pit 1 (varied from 0.237 to 0.327).

Table 10. Fragmentation Indicators for Pit 1

Xso (cm)  Xc (cm) n
Kuz-Ram 11.51 15.01 1.38 SIN Blast events Xk (cm) Xbm (CmM) Fl
Split Desktop of blast A 32.1 41.87 1.38 1 Blast A 9.45 38.6 0.245
Split Desktop of blast B 27.2 35.48 1.38 2 Blast B 9.45 28.9 0.327
Split Desktop of blast C 25.6 33.39 1.38 3 Blast C 9.45 39.8 0.237
Split Desktop of blast D 28.6 37.31 1.38 4 Blast D 9.45 34.8 0.272
Split Desktop of blast E 35.8 46.70 1.38 5 Blast E 9.45 32.8 0.288
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Table 11. Fragmentation Indicators for Pit 2

SIN Blast events Xkr (€M) Xbm (€M) Fl
1 Blast A 11.51 32.1 0.359
2 Blast B 1151 27.2 0.423
3 Blast C 1151 25.6 0.450
4 Blast D 1151 28.6 0.402
5 Blast E 1151 35.8 0.322

Also, in Pit 1, blast B has the best efficient fragmentation
while in Pit 2, blast C has the best efficient fragmentation.
However, the blast event C in Pit 2 has the overall highest FI
value of 0.450 and hence is the most efficient fragmentation.

4. Conclusions

This research investigated blast-induced fragmentation in
two pits of Obajana Cement quarry using the digital image
processing feature of Split Desktop. It was observed that
rock mass characterization is very essential when it comes to
the best performance of the blasting operation. A more de-
tailed study of rock mass does not only reduce the transporta-
tion, handling and crushing costs but also reduce the cycle
time and increase production. In both Pits 1 and 2, the same
line of operation (Line 2) was used, which served the crusher
gape of 1 m. The only variations from both pits are burden,
bench height and powder factor while other parameters are
similar. Fgo of Pit 1 yielded an average value of 87.96 cm and
Pit 2 yielded 91.34 cm; while Fg of Pit 1 yielded an average
value of 96.20 and Pit 2 yielded 98.66 cm from the image
analysis. The values of Fg and Fg percentage passing of
blasted rocks in both pits after analyzing them by the use of
Split Desktop are considered suitable for the quarry operation
due to the fact that the values are very close to 1 m, which is
the gape of the crusher. It can be said that the Kuz-Ram
fragmentation model assisted by simulation shows the effi-
ciency in predicting the rock fragmentation using explosives.

The diagram of size distribution of blasted rocks actually
reflects a similarity between the results of digital image
processing in Split Desktop and that of the Kuz-Ram
experiential model. Hence, the results prove that the models
are important in predicting blast fragmentation in order to
maintain a normal operating level and desired degree of
fragmentation by blasting.
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AHani3 ¢pparmenranii migippaHux nopia i3 BUKopucTaHHsAM HuPppoBoi 00podKkH 300pakeHb
(Ha npuKJaai BanHAKOBOro kap’epy kommnanii Obajana Cement Company)

K.A. InoBy, b.M. Onaneii, M.A. Caniy

Merta. Anani3 ¢parMeHTalii HiAipBaHUX HOPiJ i3 BUKOPHCTaHHAM IH(PoBOi 00poOkK 300pakeHs Ha MPUKJIAAi BAaHAKOBOTO Kap’e€py
kxommaHii Obajana Cement Company [uis OIIHKH €(peKTHBHOCTI MapaMeTpiB BUOYXOBHX POOIT.

MeTtoaunka. IcHye 1Ba OCHOBHMX METOAM BH3HA4YEHHS CTYHEHS (parMeHTaIlil TipchKUX MOpi: mpsiMuil 1 Hempsmuid. Ilpsmuit Merox
BKITIOYA€ CHTOBUH aHai3, TOJI SK HEMPSIMUAN METO]] BKIIFOYa€ METO/IU CIIOCTEPEKEHHS, EMITIPUYHI Ta MUPPOBI METOH 0OPOOKH 300paKeHb.
VY 1poMy IOCHIKEHHI BUKOPHCTOBYBaBCsI MeTOA 00poOKH Iu(poBHX 300paXkeHb 3a JOMOMOT0lo nporpamuoro 3adesnedenss Split Desktop
JUISL aHAJIi3y CTyNeHs (parMeHTallil nopia BarmHsIKoBoro kap’epy ObasiHa. Po3risiHyTO ABa pyAHUKH 3 aHAJIOTIYHOI0 BUPOOHHYOIO JTiHIEIO.

PesyabTaTn. Y KOXHOMY 3 PO3IJISIHYTUX PYAHHUKIB OyJM IMpoaHai30BaHi I’ATh BiIBAIIB MiAipBAHUX MOPiX Micis BUOYXOBHUX POOIT 3 pi-
3HMMH THIIaMH BHOYXiB JJIs1 BUBUCHHS sABUINA (parmenTauii. Bctanosneno, mo 3naueHHs Fso 1 Foo, oTpumani 3a momomoroto Split Desktop
aHaJi3y 300paxkeHb A pyaHuka 1 — 5x3 M 1 pyanuka 2 — 4x3 M cxnanu npubmusHo 87.96 1 96.20 cm i 91.34 1 98.66 cm BimnmosigHo. Ha
ocHoBi Mojeni Ky3-Pam Oymun orpumani 3HaueHHs Fgo 1 Foo mumst pynaukiB 11 2 pozmipom 5%3 M i1 4x3 M, sxi ckmamu 99.9967 1 99.9994 cm 1a
99.9957 1 99.9993 cm BiamosigHO. Bukonano nopiBHsAHHS pe3yibratiB Split Desktop 3 pe3ynpratamu ekcniepuMenTansHOT Mozeni Kys-Pam.
Buznaueni Bemmuanau Fso 1 Foo migipBaHux mopif, ski Qyske OIHM3bKI 10 BEIMYMHH 3a30py IpoOapkd B 1 M, IO 3HIKYE BUPOOHNYI BUTPATH
Ha JIBOX pyAHHUKax Kap’epa ObasHa.

HaykoBa HOBH3HA. BcTaHOBICHO TiCHHIH B3a€MO3B’ 30K PEe3yNbTaTiB TOCTIHKEHHS (pparMeHTallii miaipBaHuX Mopij, OTPUMAaHUX 33 J10-
MIOMOT010 MeTOTy 00poOKU HPOBUX 300paskeHb 1 ekcrnepuMeHTanbHoi Mogeni Kys-PaM, mo 3acHoBaHa Ha eMITipUYHil 3aJI€KHOCT.

IpakTnyHa 3Ha4yuMicTh. BuOyxoBi po00TH — BaXXJIMBUI acTEeKT AiSTIBHOCTI MpHIYOA00YBHOTO MiIIPHUEMCTBA, B sIKii (parMeHTanis €
KITFOYOBHM KOMIIOHEHTOM, IO BH3HA4Yae ii edekTHBHiCTh. DparMeHTamis € MepmiM pe3yabTaTOM BHOYXOBHX pOOIT 1 Oe3mocepeaHbo
OB ’s13aHa 3 BUTPAaTaMH Ha BUIOOYTOK KOPHCHHUX KomaiwH. J{ocTiKeHHs JaloTh OiIbIlle MOKIMBOCTEH JJIs1 BUBUEHHS e(DEKTHBHOCTI (par-
MeHTaIli1 TipchKoi mopoau y OaxaHiit o0xacTi.

Knrwwuosi cnosa: subyxosi pobomu, hpacmenmayis, 8iosan, poooguuye 8anHsKy, yu@dposa 06podra 300paxicensb, NPocpamue 3a0e3neyeHHs

AHanu3 ¢pparMeHTAllIH B30PBAHHBIX NIOPOJ] C HCNOJIb30BAHUEM LM (POBOI 00padOTKH H300paKeHU
(Ha mpuMepe U3BECTHKOBOI0 Kapbepa kommanuu Obajana Cement Company)

K.A. Unosy, b.M. Onaneii, M.A. Canny

Heas. Ananu3 gparMeHTanuy B30pBaHHBIX MOPOJ] C HCIOJIB30BaHHEM LH(POBOiT 00paboTKN M300pakeHH Ha MPUMEpEe U3BECTHIKOBO-
ro kapbepa kommanun Obajana Cement Company /st oreHKH 3G HeKTHBHOCTH apaMeTpOB B3PBIBHBIX PadoT.

MeTtoauka. CyniecTByeT JABa OCHOBHBIX METO/IA OIPE/ICNICHNUs] CTeleHH (pparMeHTaluy FOPHBIX MOPO: HMPsIMOM U KOCBeHHbIH. [Ipsmoit
METOJ] BKJIIOYAeT CHUTOBBIM aHAIM3, TOTJa KaK KOCBEHHBIH METOJ BKIIOYaeT METOIBI HAOIIONCHUS, SMIUPHUECKUEC M IHU(PPOBBIE METOIBI
06paboTky n300paxeHHH. B 3TOM Hccie10BaHUN MCTIONB30BAJICs METOJ 00paboTKH H(POBBIX N300paKEHUH C TIOMOIIBIO IPOTPAMMHOTO
obecrieuenus Split Desktop mnst aHanusa creneHu (parMeHTAMH MOPOJ M3BECTHIKOBOTrO Kapbepa ObasHa. PaccMOTpeHBI [[Ba pyAHHKA C
aHAJIOTMYHOM MPOU3BOACTBECHHON JINHUEH.

Pe3y.]'II>TaT])l. B Ka)XXJIOM U3 pacCMaTpuBacMbIX PYyJIHUKOB 6]>IJ'II/I TMPOAHAJIM3UPOBAHBI IIATH OTBAJIOB B30PBAHHBIX MOPOMI IOCJIE B3PLIBHBIX pa-
00T C Pa3IMYHBIMU TUTIAMH B3PBIBOB [UIsl H3yUCHHS SIBIICHNUs (PparMeHTalii. Y CTaHOBIIEHO, uTO 3Ha4YeHus Fso 1 Foo, momydennsie ¢ nomoristo Split
Desktop ananm3sa n300paxenuii st pyasnka 1 — 5x3 M u pyauuka 2 — 4x3 M coctaBwi npubmmsutesbHo 87.96 u 96.20 cm u 91.34 1 98.66 cm
cootBercTBeHHO. Ha ocHoBe Mozenu Ky3-Pam 6bumi nomyuenst 3aaueHnst Fso 1 Foo utst pyaankos 1 u 2 pasmepom 5%3 M 1 4%3 M, KOTOpBIE COCTa-
B 99.9967 1 99.9994 cm, 99.9957 u 99,9993 cm cootBeTcTBEHHO. BhImonHeno cpaBreHue pe3ysabraroB Split Desktop ¢ pesynbraramu skcriepu-
MeHTansHOH Moziern Kys3-Pam. Onpenernens! BemmauHb! Fgo 1 Fgo B30pBaHHBIX TIOPOJ, KOTOPEIE OYeHb OJIM3KH K BETMYHMHE 3a30pa APOOMIKH B 1 M,
BCJIEZICTBHE YETO CHIDKAIOTCS IPOM3BO/ICTBEHHBIE 3aTPaThl HA IBYX PyAHHKaX Kapbepa ObasHa.

Hayunas HOBU3HA. YCTaHOBJICHA TeCHAsl B3aUMOCBS3b PE3yJIbTaTOB HCCIENOBaHMs (pparMeHTaluy B30PBAaHHBIX MTOPOJ, MOJYYEHHBIX C
HOMOIIBI0 MeTof1a 00paboTKH 1U(POBBIX U300paXKEHHH M IKCrIepuMeHTanbHoi mMonenu Kys-Pam, xotopas ocHOBaHa Ha 3MIMPUYECKOM
3aBUCHMOCTH.

IpakTHyeckas 3HAYMMOCTB. B3pbIBHBIE pabOThl — BaXKHBIM acleKT AEATENFHOCTH TOPHOAOOBIBAIOIIETO MPEANPUATHS, B KOTOPOH
(parMeHTaIys ABIAETCS KIIOYEBBIM KOMIIOHEHTOM, ONpefersomuM ee 3¢dexTnBHOCTs. PparMeHTalys SIBIIeTCsS MEPBBIM Pe3yIbTaTOM
B3PBIBHEIX pabOT M HAIPSAMYIO CBS3aHA C 3aTpaTaMH Ha JOOBITY ITOJIE3HBIX MCKoMaeMbIX. MccmenoBanus qaioT GoJbIre BO3SMOKHOCTEH ISt
n3ydeHus 3 (PeKTUBHOCTH (hparMEeHTAIMN TOPHOH MOPOJIB B XKeIaeMoit obmacTu.

Knrwuesvle cnosa: e3pvisnvie pabomul, gpazmenmayus, omea, MecmopodicOeHue U38eCmHAKA, yupposas obpabomka uzobpaicenutl,
npozpammHoe obecneyenue
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