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Fragmentation Analysis of Blasted Rock using 
WipFrag Image Analysis Software

1. Introduction
In hard rock mining, blasting is the cheapest excava-
tion technique. It should be designed such as to yield 
an optimum fragment size distribution for downstream 
processes (loading, hauling and crushing), as these 

(Bhatawdekar et al., 2019). A wise planning of drilling 
will consider overall mining costs, rather than blast-
ing because blasting operation plays a pivotal role in the 
overall economics of opencast mines (Bhatawdekar et al., 

-
mechanical properties and geological features of the rock 
(Bhatawdekar et al., 2021).

Blast design to get required fragment size, will 
consider controllable parameters (bench height, hole 

diameter, spacing, burden, hole length, bottom charge, 
-

trollable parameters (rock strength, discontinuity spacing 
and orientation, rock density) to ensure that the desired 
blast output is achieved, as size of blasted rock is of utmost 
importance for the subsequent operations (Bhatawdekar 
et al., 2021; Olofsson, 1990).

production with minimum costs (Tiile, 2016). At present, 
explosives contribute around 20% of direct production 
costs, while combining the costs of drilling and blasting, 
this can reach up to 30% of direct production costs. If the 
blast is not properly designed it will yield many boulders 
which increase the cost of drilling and blasting that can 
go up to 50% of production cost as a consequence of sec-
ondary blasting and use of heavy machinery to get a good 



Journal of Mines, Metals and FuelsVol 70 (5) | May 2022 | http://www.informaticsjournals.com/index.php/jmmf264

Fragmentation Analysis of Blasted Rock using WipFrag Image Analysis Software

muck-pile. According to Olofson, ideally fragmented 

parameters, blasting can help in reduction of total costs 
occurring on production.

2. Mining Site Details

Nowshera of Khyber Pakhtunkhwa (KPK) Province, 
Pakistan, Latitude: 33.890021, Longitude: 71.907527. 
Figure 1 shows Google image of Cherat Cement Quarry.

Cherat cement quarry consists of Shekhai and Utch 

composed of limestone and marble which is interbedded 

occurs in variations from grey, brownish to pink in color. 

and Gandghar ranges. In the Gandghar ranges, at some 
locations, white brecciated marble occurs associated with 

the late Precambrian age (Kazmi and Jan, 1997).

ranges consists of limestone, argillite and shale having 
200 to 250m thickness of the deposit while lower part 
of the formation is composed of 10 to 70m thick lime-

grained and in some places contains stromatolites as well. 

laminated argillites interbedded with grey to brown thinly 

Shekhai formation and underlying Shahkot formation 
(Kazmi and Jan, 1997). 

Figure 1. Google earth image of Cherat cement quarry.

3. Methodology

Figure 2. 

Several techniques are used for measuring blast 
fragmentation like sieve analysis, empirical models predi-
cations, image analysis to machine learning models such 

-
port vector machine (Shi et al., 2012) have been proposed 
for prediction of rock fragmentation Bhatawdekar et al., 
2021).

Methods for fragmentation analysis of blasted rocks 

indirect methods.
Sieve analysis is most accurate of all the direct meth-

ods used for fragmentation analysis. However, because of 
large extents of rock piles, using sieve analysis is a tedious 
job and therefore cannot be used to measure the distri-

possible at sites as it causes interruption in production 
cycles, and can only be used at laboratory scale. 

Indirect methods include observational methods, 
empirical methods and image analysis. Observational 
methods are rapid and involves no cost but doesn’t yield 
correct size distribution analysis and is used by blasting 
engineers for rough post blast analysis.

Several empirical methods have been developed to 
predict fragmentation distribution. A widely used empiri-
cal method for estimation of fragmentation of blasted rock 
is kuz-ram model which was developed by Cunningham 
(Cunningham, 1983) by integrating Kuznetsov (1973) and 
Rosin & Rammler (Rosin et al., 2021) distribution func-
tions. Empirical models are pre-blast predictions based 
on rock, explosive properties and blast design parameters, 
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select optimum parameters.
Image analysis determines size distribution from 

captured photographs, it is rapid, low cost method and 
et al., 2020; Siddiqui et 

al., 2019; de Souza et al., 2018; Lawal, 2021). Common 

scale object. Image analysis is a post-blast measurement 
of actual muck-pile while empirical methods provide an 
idealistic prediction (Shehu et al., 2020). Image analy-

muck-pile. Image analysis doesn’t cause interruption in 

pile must be constantly photographed during loading 
operation to cover whole muck-pile.

3.1 WipFrag System
WipFrag is an image analysis system for measuring size 
of materials such as blasted or crushed rock (Tom, 1985; 
Tom et al., 1995). WipFrag accepts images from a variety 

-

It uses algorithms to identify individual blocks, and 
create an outline “net”, using state of the art edge detec-
tion technique. If desired, manual intervention (editing of 

1996).

3.2 Imaging Muck-pile
Due to non-homogeneous nature of muck-pile, and 
weather conditions muck-pile imaging is tricky step and 
requires great care. To overcome these problems, muck-
pile must be imaged from constant angle and distance at 
consistent lighting. Multiple high-quality images must be 
taken during loading to cover whole muck-pile as surface 
of the muck-pile is never representative of whole muck-

4. Results and Discussion
At least ten photos were taken of each muck-pile during 
loading to cover the whole muck-pile and get realistic 
fragment size distribution. A football of length 9” was 
used as a scale object (see Figure 3). 

Table 1 shows drilling and blasting parameters. 

Table 1. Current blasting parameters at Cherat cement 
quarry

Parameter Value Unit
Hole Diameter 89 mm
Burden 3 m
Spacing 3 m
Stemming 2.5 m
Bench Height 6-16 m
Charge Length 3-12 m

0.6 Kg/m3

Initiation System Detonating Cord
Drilling Pattern Square

Following is the step by step procedure for image 
analysis with WipFrag
• Import Images to WipFrag
• 
• Set Edge Detection Parameters
• Manual Editing (If required)
• Get Output (Size Distribution)

Figure 4 shows image with edges detected, Figure 5 

show mean particle size, D80 and D90 which represents 
the size, at which 80% and 90% of the material will pass 
respectively, are calculated for all eight blasts as shown in 
Table 2.

Table 2. Analysis results

Blast No. Results

1
X50 94.48
D80 406.61
D90 672.00

2
X50 81.29
D80 331.69
D90 625.04

3
X50 113.6
D80 309.42
D90 573.21

4
X50 259.9
D80 667.9
D90 867



Journal of Mines, Metals and FuelsVol 70 (5) | May 2022 | http://www.informaticsjournals.com/index.php/jmmf266

Fragmentation Analysis of Blasted Rock using WipFrag Image Analysis Software

5
X50 211.5
D80 401.9
D90 515.3

6
X50 64.61
D80 316.76
D90 603.24

7
X50 54.09
D80 297.67
D90 408.69

8
X50 47.62
D80 212.57
D90 292.26

Figure 3. A random photo of muck-pile football as scale.

Figure 4. Generated net.

Figure 5. Output of Blast # 01.

5. Conclusion
-

sis technique is very useful for evaluating the quality of 
blasted rock fragments in mining operations and can be 
used with ease, without interrupting production cycle. 
Image analysis is one of the best choices for measuring 
post blast muck-piles condition. However, care must be 
taken during imaging muck-pile as issues of light variabil-

the results. Furthermore, image analysis can be used as 
process control tool. For process control, cameras can 
be installed on conveyor belts or crusher hopper to con-
stantly monitor size of material and to control the size of 
material fed to processes such as crushing and grinding.
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