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 Blasting operation involves the use of a specific explosive quantity, detonated to fragment insitu and 
oversize rock block for particle reduction. Rock fragmentation size distribution has a direct influence on 
the proposed costs of mining one ton of the ore and the cost of run-off-mine processing. The focus of 
this study is on investigating the effect of charge load ratio and blast design parameters such as stiffness 
ratio, maximum instantaneous charge, and specific charge on rock fragmentation particle size 
distribution in dolomite quarry located at Akoko Edo state, South-west Nigeria. The 50% passing sizes 
(X50, m), 80% passing size (X80, m), and characteristic size (Xc, m) of blast results were determined using 
Wipware software. It was observed that the optimum mean size (X50, m), 80% passing fragment size (X80, 
m), and characteristic size (Xc, m) of rock depends strongly on the explosive bottom and column loading 
ratio, stiffness ratio, and specific charge. The regression analysis result reveals that the explosive 
specific charge and stiffness ratio influence the fragment size distribution with a negative correlation 
relationship, and the explosive bottom and column loading ratio has a positive correlation relationship 
with the blast fragmentation. Multivariate Regression (MVR) models were developed for the prediction 
of blast fragmentation sizes (X80, X50, and Xc) with R2 values of 0.76, 0.52, and 0.63 respectively. Based on 
the low correlation value obtained from the developed models, the proposed multivariate Regression 

(MVR) models are less suitable for the prediction of blast fragmentation particle size distribution.  
 
 
 
  

1. Introduction 

Industrial rock mass and rock bearing ore exist as huge materials 
within the earth's crust, it is found at shallow or deep depth 
depending on the mineral mode of formation and the kind of post-
formational effects it is exposed to with time. According to Brady 
and Brown, [1], rock formation differs from all different engineering 
materials as a result it contains fractures that render its structural 
existence discontinuous. Although there's forever a desire for a 
correct blasting design for the exploitation of ore deposits, several 
controllable factors must be considered to control the rock 
heterogeneousness characteristics. The perfection of a blasting 
operation is set by the degree of matching the blast result and also 
the needed fragment size with the first processing crusher gape size. 
Blast fragmentation potency and demand specifications square 
measure sometimes ruled by loading equipment, transport 
equipment, and significantly the primary crushing units. 

[2-3] work established that the efficiency of all the sequential 
mining operations after blasting depends firmly on blast result size 
distribution. According to [4] and [5], drilling and blasting operation 
square measure the extent of getting an optimum blast size 
distribution, and way of economizing total mining operation cost. 
In mine wherever blasting operation isn't properly monitored and 
controlled, it will enhance the assembly value and have an effect on 
the production process because of unneeded secondary blasting, 
selective loading, reduction in loader utilization issues and increase 
in downstream operation value. [6] indicated that to minimize the 
cost of mining and reduce the operating time blasting design has to 
take proper consideration at the preplanning stage so as to simulate 
the rock fragment. According to [7], the operation cost incurred on 
drilling and blasting in an open-pit mine account for over 15-20% 
of the mining value. In most exhausting rock mining strategies, 
drilling and blasting are the most generally used technique for 

fragmenting the rock mass for handling (transportation and storage 
for processing). A good blasting result is described by [8] as that 
which yields the downstream specific fragmentation in an 
exceedingly safe, economic, and environmentally friendly manner. 
İn order ways, a poorly conducted blast turn into poor 
fragmentation and adverse effects such as high percentage 
oversize, fly rocks generation, ground vibration, airblast, and back 
break. [8] additionally established that blasting operation is capital 
intensive and capital overwhelming preferable to other mine 
operations due to; the necessity for rock mass reduction at hand 
ready sizes; economical use of explosive energy at a high safety 
level; and management of blasting to avoid oversized materials. The 
first prerequisite for any blast design square measure is to confirm 
optimum results for existing operative conditions, possess 
adequate flexibility, and are relatively straightforward to use [10]. 
The two widely identified factors affecting blast design result 
efficiency are; 

i. Uncontrollable factors; and, 

ii. Manageable or Controllable factors. 

The determination of blasting result efficiency is necessary to 
control explosive charge energy utilization and to avoid any form 
of energy loss to environmental damage [11]. Analyzing 
Fragmentation has been proven useful in the mining, construction, 
and aggregate industries as a means to help to minimize mining 
costs, improve loader's diggerbility, and haulage efficiency, and 
minimize time down due to selective loading [10]. [11] indicated that 
Mine-to-Mill operation assesment process is one of the approaches 
use in optimizing blasting operation in order to accomplish energy 
and cost minimization. This approach involves sampling and 
modeling of blasting and processing, followed by the simulation to 
optimize the operation and develop alternatives [11]. There are 
several fragmentation measurement methods available [12]. Some 
of these include; the oversize boulder count method, sieving, visual 
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analysis, shovel loading rate method, and image analysis method 
[11, 13-14]. WipFrag is an example of an image analysis method that 
will be adopted in this research for blast image analysis.  
[16] indicated that spacing is the distance between adjacent drill 
hole rows.  Blast design spacing is determined using the equation 
given below : 
S =  1 to 1.8 × B                
(1) 

Where S denotes the drill hole spacing, B represents the drill hole 
burden distance, and a is the coefficient which [16] describes the 
value to usually varies from 1 to 1.8, 1 to 1.15 for general blasting, 1 
for square drill pattern, 1.15 for staggered pattern, 0.7-1.0 for 
reinforcement stone (Rip-rap) [16]. Charge Length is calculate using 
the equation given below: 

L = H− T + J                                 
(2) 

Where L denotes the drill hole charge length in m, H represents the 
drill hole length in m, T is the stemming length in m, and J is the 
sub drill in m. 

 

Figure 1. General layout of charge hole modified after [15] 

[16] explains Sub drill as the length of the hole drilled extending 
below the mine bench floor level. [16] also established that sub drill 
guarantees a full-length blast hole will complete excavation down 
to the floor level. Sub drill is regularly 0.3 x burden or 8 to 12 hole 
diameters. Sub drill is calculated using the equations below: 

𝐽𝐽 = 0.3 × 𝐵𝐵                                                                                             
(3) 

𝐽𝐽 = 𝐾𝐾𝐾𝐾 × 𝐷𝐷𝐷𝐷                   
(4) 

Where B is the burden in m, De is the drill hole diameter, and Kd is 
the diameter ratio which ranges from 7 to 12 depending on the rock 
type. 

Stemming length formed a confining seal over the explosive charge 
(Fig.1), holds in the detonation gasses until the explosive has 
detonated completely and the rock starts to break. The rule of thumb 
equations for calculating stemming lengthis is given as below: 

𝑇𝑇 = 𝐾𝐾𝐾𝐾 × 𝐷𝐷𝐷𝐷                   
(5) 

𝑇𝑇 = 𝐾𝐾𝐾𝐾 × 𝐵𝐵                   
(6) 

Where B is the burden in m, De is the drill hole diameter, Kd is the 
stemming to diameter ratio which ranges from 20 to 30 depending 
on the rock type and Kb is the stemming to burden ratio ranging 
from 0.2 to 1 [17]. 

𝑇𝑇 = 𝑍𝑍 × (𝑊𝑊×𝑅𝑅𝑅𝑅𝑅𝑅
100

)1/3                  
(7) 

Where Z denotes the Fly rock factor, which is select as 1 for normal 
blasting, and 1.5 for controlled blasting. W is the mass of explosives, 
REE is the Relative effective energy. Blasting operation efficiency 
requires several design adjustment between the controllable and 
uncontrollable factors. For instatnce, [17] and [18] noted that the drill 
hole height (H) must be more than stemming plus eight (T+8) times 
charge diameter to ensure there is no explosive blowout and fly rock 
during blast initiation. Stiffness ratio is define as the ratio of the 
drill hole height to burden distance. The striffness ratio of a blast is 
calculate using the quation below: 

𝑆𝑆𝑆𝑆 = 𝐻𝐻
𝐵𝐵
                    

(8) 

Where H is the drill hole length in m, SR is the striffness ratio, and 
B is the burden in m 

Table 1. Stiffness ratio effect on blast result  [After 19] 

Stiffness Ratio 1 2 3 4 
Fragmentatio
n 

Poor Fair Good Excellent 

Airblast Severe Fair Good Excellent 
Flyrock Severe Fair Good Excellent 
Ground 
Vibration 

Severe Fair Good Excellent 

Comments Severe back 
break and 
toe 
problems 

Redesig
n 

Good 
control 
and 
fragme
ntation 

No 
increased 
benefit by 
increasing 
stiffness 
ratio 

 
The explosive powder Factor which is also described as the charge 
factor is defined according to [18] as the ratio of the total weights of 
explosives detonated during a blast divided by the quantity of rock 
broken. The charge factor is expressed as Kilogram per cubic meter 
(Kg/m3) [19]. [20] explained that as the powder factor in kg/m3 
increases, the average fragment size decreases when the burden 
remains constant [20]. The powder factor for a single explosive 
charge column is calculated using the equation given below: 

KS = 𝑊𝑊𝑊𝑊
𝐵𝐵×𝑆𝑆×𝐻𝐻

                  
(9) 
Where We is the explosive charge weight per hole in kg, B denotes 
the blast hole burden in m, S represent the drill hole spacing in m, 
and H is the drill hole length in m. The powder factor for more than 
one explosive charge column per holegiven as follows: 
Lc =  L− LB                
(10) 

Vc =   П𝐷𝐷^2
4

×  Lc                
(11) 

VB =  (П𝐷𝐷2

4
) ×  LB                

(12) 
WC =  P1 ×  Vc                
(13) 
WB =  P2 ×  VB                
(14) 
WT =  WB +  WC                
(15) 

KS =  WT
 𝐵𝐵×𝑆𝑆×𝐻𝐻

                  
(16) 
Where, LB denotes the drill hole bottom charge length in m, Lc is the 
drill hole column charge length in m, VB denotes the volume of 
bottom charge in m3, П is denoted to be 22/7, P1 denotes the column 
charge  explosive density in Kg/m3, P2 denotes the density of bottom 
charge explosive in Kg/m3, Vc is the volume of column charge in m3, 
D is the drill hole diameter in m, WB is the bottom charge weight in 
Kg, WC is the column charge weight in Kg, WT  is the Total charge 
weight per hole in Kg, B is the burden, S denotes the spacing in m, H 
represents the drill hole length, and Ks denotes explosive charge 
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powder factor measured in Kg/m3. [21] work noted that WipFrag is 
an image analysis system for analysing the size of blasted or 
crushed rock piles among other materials. It has also been 
applicable to evaluating the particle distribution of ammonium 
nitrate prills, glass beads, and zinc concentrate for the proper 
concentration process. [22] indicated that WipFrag during 
processing measures image as 2-D net and reconstructs it into a 3-
D distribution implementing  the principle of Geometric probability. 
[23] established that WipFrag is a state-of-the-art image-based 
gravimetry system designed mainly for black and white (graytone) 
images, although it can accept also colored prints. Images are 
supplied to the software which transforms the image into a binary 
image consisting of a net of black outlines. 
Achieving a well-distributed particle size is the main goal of 
blasting, so the rock is handled with efficiency in post-blast 
processes, e.g. loading and crushing. There are many factors that 
influences blasting result among which are; mechanical properties 
of rock mass, the pure geometry of blast holes, the number of 
explosives, initiation pattern, and delay times area unit among 
others are a number of the key factors in blast design as identified 
in [8] work. This study observes the influence of selected bast hole 
geometry and charges weight ratio on the efficiency of blasting 
results. 

[24] noted that to obtain desired fragmentation size distribution 
from blast operation, sufficient design of the controllable blast 
factors is required to account for the uncontrollable factors such as 
rock strength and discontinuity properties t mention a few [25].  

[24] observed stiffness ratio, powder factor and UCS of lafarge 
kanthan limestone to have a high correlation with the blast particle 
mean size. İt was also noted that the ratio of the bench height to the 
burden ratio (stiffness ratio) increases with the 50% passing size. 
The study also revealed that the mean fragment size becomes finer 
as the powder factor increases [25] [26]. [25] work revealed that mean 
fragment size increases with stiffness ratio. İn Sandeep et al work, 
it was also indicated that the optimal fragment size of rock depends 
on the blast design parameters and explosive parameters. Based on 
the various reviewed literature, the effect of blast design on small 
diameter drill hole blast fragmentation has not been investigated. 
This work investigates the effect of explosive bottom and column 
charge ratio and blast controllable factor design on small hole 
dolomite quarry blast. 

2. Materials and methods 
To accomplish the aim of this paper, a field study was completed at 
the Fanalou Dolomite Mining Lease 116  and Mining Lease 115. The 
case study quarry is situated in Ikpeshi, Akoko Edo local 
government Area, Nigeria on Longitude 07°10’04’’ N, and latitude 
06°09’54’’ E and Longitude 07°10’20’’ N and Latitude 06°11’12’’ E.  
The mine bench works at 1.5 m and about 22.5 m depth drilled by a 
pneumatic Jackhammer in conjunction with 8.6Mpa (8.6 ×10-5bar) 
pressure compressor. The mined rock mass rating was evaluated 
using  [27] RMR rating, the formation has a rough surface, 
separation, no infilling, no fracture, unweathered wall rock surface, 
and persistence length of 1-3m. The rock comprises massive 
dolomitic marble with RMR 65 according to [28] rock mass 
classification. The mine blast hole diameter is 40mm. The mine uses 
the emulsion Dynogel product of Nigachem explosive manufacturer 
and ANFO as the blasting explosive. The company makes use of a 
staggered drilling pattern with Nigachem non-electric solacord 
having 6800 m/s VOD detonate instantaneously under No.6 
detonator as the initiating cord. The density and UCS of the dolomite 
rock sample are 2600-2800 kg/m3 and 44.42-54.6 MPa respectively 
(Table 2).  

 

 

 

 

 

Table 2. Physio-mechanical properties of case study deposit 

Location UCS 
(Mpa) 

Density 
Kg/m3 

Specific 
gravity 

Colour Rebound 
hardness 

value 
Loc 1 44..42 2800.0 2.8039 Grey, 

white 
38-46 

Loc 2 54.65 2790.0 2.7900 White, 
brown 

37-44 

Loc 3 49.18 2672.7 2.6727 Grey, 
white 

34-37 

 

Fig. 2 and Fig.3 show the layout of Fanalou Dolomite Quarry and the 
general layout of the blast hole section respectively. For this study, 
basic blast parameters including burden, spacing, hole depth, drill 
hole diameter, stemming length, and bottom and column charge 
weight were measured for nine blast events. Using measured blast 
data, the ratio of the column and bottom charge weight (Wb/Wc) and 
specific charge (kg/m3) were determined. Infield, after blasting, a 
0.5m by 0.5m frame was used as a scaling object; the image of the 
blast muck piles for each blast was captured useing a clear lens 
camera. 

 

Figure 2. General overview of Fanalou Quarry 

 

Figure 3. General layout of the blast hole section 
 

The blast images captured from the site were imported into 
wipfrag© software for fragmentation analysis. The Image was 
delineated with an in-built editing and manual tools in the Wipfrag 
software. And the delineated images were sieved to get the 
fragmentation distribution curve and fragmentation sizes (mean 
fragment size X50 , m, and X80, m) were determined. Fig. 5 and 6 show 
two of the bast image netting with the distribution curves generated 
from the Wipfrag software. 
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Figure 4. Diagonal firing pattern of blast 8 

3. Results and discussion 

Nine blasting operations in two different Dolomite Quarry pits were 
used for this study with different blast design parameters. Fig. 5-6 
shows the Wipfrag analysis result for Blast 7 and 8 respectively. 

 

Figure 5. Blast 7 Fragmentation analysis and the distribution curve 

 

Figure 6. Blast 8 Fragmentation analysis and the distribution curve 

3.1 Relationship between blast stiffness ratio (H/B) and the 
fragment sizes distribution  

Fig. 7 shows that, blast fragment particle size (mean size, X50, 
greatest part size (X80), and characteristic size (XC) declines as the 
blast design stiffness ratio increases in a similar direction to [28] 
findings. Besides, it likewise uncovers that there is an extraordinary 
decrease in the fragment particle size. The work of [29] likewise 
revealed that an increase in stiffness ratio makes the bench 
fragmentation rate more flexible, producing better fragmentation. 
Also [30] noted that small stiffness ratio results in greater stiffness 
in energy distribution, which in turn, offers greater resistance to 
fracturing rate in bench blast results. [31] noted poor breakage along 
the drill hole collar region during charge initiation to be attributed 
to the increased bench stiffness.  

 

  (a)   (b) 

Figure 7. Relationship between stiffness ratio (H/B) and rock 
fragment sizes (mean size X50, (m), Maximum size X80, (m), and 

Characteristic size Xc(m)) 

X80 = -0.410SR + 1.217            (17) 
Xc = -0.425SR + 1.142            (18) 
X50= -0.410SR + 0.960                     (19) 
 
Where, X80 denotes the blast result 80% passing size, X50 represents 
the blast fragmentation 50% passing size, Xc is the characteristic 
size, and SR denotes the blast design stiffness ratio. The R2 value 
obtained from Fig. 7a shows the correlation between the actual 
value and the predicted value of fragmentation size distribution 
from the developed linear models. [32] indicated that the degree of 
model accuracy is define by the closeness of the of R2 value to unity. 
The R2 value obtained using Equations developed above for the 
prediction of X80, X50, and Xc are 0.624, 0.723, and 0.895 respectively 
and it is suitable for predicting blast fragment size distribution in 
quarry pre-blast design. 
 
3.2 Relationship between rock fragment sizes distribution and 
bottom charge to column charge ratio (Wb/Wc) 

From Fig. 8, the blast fragment particle size (mean size, X50, 
maximum fragment size (X80), and characteristic size (XC) of the 
blasted rock increases as the ratio of explosive bottom charge to 
column charge increases. This may be due to an increase in the 
high-pressure shockwave, which is then followed by a rapid 
increase in gas pressure generated from the high explosive bottom 
charge which supports high tensile slabbing [33]. 

 

Figure 8. Relationship between bottom charge to column charge 
ratio (Wb/Wc) and rock fragment sizes (Mean size X50 (m), maximum 

X80 =  0.080Wr +  0.300           (20) 
Xc =  0.085Wr +  0.186            (21) 
X50 =  0.088Wr +  0.021            (22) 
 
Where, X80 denotes the blast result 80% passing size, X50 represents 
the blast fragmentation 50% passing size, Xc is the characteristic 
size, and Wr is the Charge weight ratio.  
 
The R2 value obtained using the above developed equations for the 
prediction of the mine blast X80, X50, and Xc particle size distribution 
are 0.513, 0.615, and 0.883 respectively, and are suitable for 
predicting blast fragment size distribution in the quarry. 
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3.3 Relationship between rock fragment size and the explosive 
specific charge  
 
Fig. 9 shows that, the blast fragment particle size (mean size, X50, 
maximum fragment size (X80), and characteristic size (Xc) of the 
blasted rock decreases with increase in the explosive specific 
charge. This is in alignment with [6] findings in Bharat coking coal 
field limited situated at Dhanbad, Jharkhand India and [34] findings 
in Lanfarge Kanthan Limestone quarry. This study reveals that 
mine explosive specific charge increases from 0.70-0.97 kg/m3, the 
mean fragment size X50 varies from 0.12-0.37,   maximum fragment 
size (X80) varies between 0.37-0.68, and characteristic size (Xc) varies 
between 0.28-0.59. 

X80 = -0.410K + 1.217                                                               (23) 
Xc = -0.425K + 1.142                                                                                 (24) 
X50= -0.410K + 0.960                                                                               (25) 
 
Where, X80 denotes the blast result 80% passing size, X50 represents 
the blast fragmentation 50% passing size, Xc is the characteristic 
size and K denotes the specific charge in kg/m3. The R2 value 
obtained using Equations developed above for the prediction of the 
blast X80, X50, and Xc particle size distribution are 0.624, 0.723, and 
0.895 respectively and it is suitable for predicting blast fragment 
particle size distribution quarry. 
 

 
Figure 9. Relationship between specific charge and rock fragment 
sizes (mean size X50 (m), maximum size X80, (m), and Characteristic 

size XC, (m)) 

3.4 Empirical Models for the prediction of Blast fragmentation 

Multivariate Regression modeling method was adopted for 
developing the proposed models in this study. Three different 
Multivariant regression (MVR) models were developed predicting 
each of X80, X50, and Xc. Three input variables representing the 
stiffness ratio (SR), Specific charge (K), and the Maximum 
instantaneous charge (MIC) were used in each of the models as 
shown in Table 3. The model input and output variables elements 
were normalized (scaled) between -1 and 1 using Equation below to 
achieve dimensional consistency in the variable elements and also 
to eliminate over-fitting during model training.  

𝑋𝑋𝑋𝑋 = 2(𝑃𝑃𝑃𝑃−𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)
(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃−𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)

− 1                                                    (26) 

Where Xi is the normalized elements, Pi is the actual data to be 
normalized; Pmax and Pmin are the maximum and minimum values 
of the actual data set, respectively. 

 

 
Figure 10. Relationship between the Model Predicted and Wipfrag 

Measured blast fragmentation size distribution 

Table 3. Blast design Parameters and blast fragmentation data set 
for MVR Model development 

Blast 
ID 

SR PF MIC X80, m  X50, m Xc, m 

Blast 1 1.357 0.9696 43.52 0.37146 0.1776 0.3368 

Blast 2 1.357 0.9736 39.33 0.58797 0.3056 0.45108 

Blast 3 1.159 0.9075 43.98 0.42691 0.2099 0.35249 

Blast 4 1.227 0.7045 39.17 0.4948 0.1155 0.28478 

Blast 5 1.158 0.8631 43.71 0.61917 0.3142 0.45714 

Blast 6 1.428 0.9249 48.08 0.492 0.2850 0.37146 

Blast 7 1.071 0.8894 43.71 0.53258 0.3696 0.4948 

Blast 8 1.146 0.8400 39.33 0.67959 0.3191 0.58797 

Blast 9 1.315 0.8090 31.97 0.48341 0.2741 0.43594 

 

The final mathematical MVR models were de-normalized using the 
Equation given below: 

𝑃𝑃𝑋𝑋 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃−𝑌𝑌𝑃𝑃𝑃𝑃𝑃𝑃)
2

𝑋𝑋𝑋𝑋 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃+𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)
2

                                      (27) 

 Where XP denotes the MVR predicted elements, Pi is the actual 
predicted data de-normalized; Pmax and Pmin are the maximum and 
minimum values of the measured data, respectively. 

The de-normalized final MVR models are shown below: 

𝑋𝑋80 = 0.1541[0.081𝑆𝑆𝑆𝑆 − 0.052𝐾𝐾 − 0.723𝑀𝑀𝑀𝑀𝑀𝑀 − 0.042] + 0.526    (28) 

𝑋𝑋50 = 0.127[−0.165𝑆𝑆𝑆𝑆 + 0.506𝐾𝐾 − 0.441𝑀𝑀𝑀𝑀𝑀𝑀 + 0.006] + 0.234   (29) 

𝑋𝑋𝑋𝑋 = 0.152[−0.163𝑆𝑆𝑆𝑆 + 0.294𝐾𝐾 − 0.551𝑀𝑀𝑀𝑀𝑀𝑀 − 0.218] + 0.436      (30) 

The respective coefficient of determination of the developed MVR 
models for each blast fragmentation particle size is illustrated in 
Fig. 10. The R2 values from the developed model test for the blast 
X80, X50, and Xc particle size distribution are 0.76, 0.52, and 0.63 
respectively. The proposed MVR models are suitable for the 
prediction of blast fragmentation particle size distribution.  
 

 

4. Conclusions 

The influence of blast design factors and Explosive charge load on 
the blast fragment size distribution has been studied. The stiffness 
ratio, the bottom charge to column charge ratio, and the specific 
charge are considered factors with great influence on blast particle 
size distribution. An average spacing of 1m, burden of 0.8m, 
stemming length of 0.65, column charge weight of 0.252 kg, bottom 
charge weight of 0.633 kg, the specific charge of 0.873kg/m3, and 
stiffness ratio of 1.69 as utilized in Golden girl quarry produces 1.45 
to 1.55 uniformity index for all nine blast events. The X50 size 
obtained in all nine blast events analyzed ranges from 180 mm to 
320 mm for a primary crusher of 350 mm gape opening. The 
Wipfrag analysis result for all the blasts reveals that about 56% of 
the blast event assessed produced good fragmentation. The 
following conclusions are drawn from the study: 

 The blast fragment size (50% and 80% mesh undersize size 
materials) and characteristic size decrease with stiffness ratio 
and decrease with increases quantity of specific charge (m3 
/kg). 

 Mean fragment size X80, X50, and characteristic size Xc increase 
with an increase in the ratio of bottom charge to column 
charge. 

 Multivariate Regression (MVR) models were developed for the 
prediction of blast fragmentation sizes (X80, X50, and Xc) with R2 
values of 0.76, 0.52, and 0.63 respectively. Based on the low 
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correlation value obtained from the developed models, the 
proposed multivariate Regression (MVR) models are less 
suitable for the prediction of blast fragmentation particle size 
distribution. Further research should also include rock mass 
properties, initiation sequence and timing, the orientation of 
discontinuities, and the influence of explosives characteristics 
on blast fragmentation. 
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