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Abstract. One aspect and factor that is very important in the blasting stage is rock fragmentation, which has 

a direct impact on drilling costs, blasting costs and operational economics, both loading, transportation and 

crushing. As time progresses, new technological advances for the application of blasting have developed. 

This technology is to computerize blast design and predict the results of the explosion, which is rock 

fragmentation. Many factors influence rock fragmentation, such as the nature of the rock mass, geological 

location conditions, explosion and fracture parameters present in place, so it is difficult to predict 

completely. However, empirical models to predict the size distribution of rock fragmentation have been 

developed. In this study, Monte Carlo simulation as a rock fragmentation simulator based on the Kuz-Ram 

fragmentation model has been developed to predict fragmentation size distribution. The results obtained 

from this Monte Carlo simulation can be said to be quite good when compared with the actual data 

fragmentation obtained from field conditions. 
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1 Introduction  

As time goes on, the industrial world continues to 

evolve rapidly, forcing companies to continue looking 

for new innovations to be able to grow in a better 

direction and stay competitive. One of the factors for a 

company to survive amidst industrial development is 

good production. Companies must carry out good 

management of production. Where production is a series 

of activities to create/add/produce something/objects 

aimed at satisfying other people/consumers. This 

production process is very important because production 

is a reference for achieving or not achieving the targets 

or goals of a company. 

PT. Semen Padang is a State-Owned Enterprise 

(BUMN) company that focuses on cement production in 

the mining sector using limestone as raw material. PT 

factory. Semen Padang is in Indarung, Padang City, 

West Sumatra, while PT. Semen Padang carries out 

mining at the Bukit Karang Putih location, Indarung, 

Padang City, West Sumatra. One of the mining activities 

carried out by PT. Semen Padang is a blasting process, 

which aims to separate rock from its parent rock or break 

up the rock so as to make subsequent mining processes 

easier such as loading, hauling, crushing and so on. The 

result of this blasting process is rock fragmentation. PT. 

Semen Padang has a blasting rock fragmentation target 

measuring 80 cm with a percentage of 80%. This is 

because if a large amount of debris larger than 80 cm is 

created then it will take longer to move on to the next 

process, which is loading explosive materials, such as 

boulders that need to be broken up mechanically break 

the stone, or even multiple times. when the blasting 

process is performed. The second time for boulders that 

are larger than 80 cm, so they will require higher costs. 

Rock fragmentation resulting from blasting at PT. Semen 

Padang can be said to have not achieved its target, where 

rock fragmentation measuring more than 80 cm still 

exceeds the percentage of 20%. 

The aim of this research is to analyze rock 

fragmentation resulting from blasting at PT. Semen 

Padang using Monte Carlo simulation based on the Kuz-

Ram method. 

2 Methodology  

The method applied in this research is through 

literature study (library study) and using quantitative 

methods. The data used comes from primary data 

obtained from the research location and secondary data 

found from journals related to the application of the 

Internet of Things (IoT) in the Monte Carlo simulation 
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analysis process for rock fragmentation resulting from 

blasting. 

3 Theoretical Review 

3.1 Kuz-Ram Fragmentation Model 
TheoKuz–Ramomodeloisoanoempiricalofragmentation 

modelobased on the Kuznetsov and Rosin–Rammler 

equations as well as an algorithm developed by 

Cunningham,owhichoobtains uniformityocoefficients in 

the Rosin–Rammler equation from detonation 

parameterso(Cunningham,o1983,o1987;oLizotte,o1990). 

TheoKuz-Ramomodel predicts fragmentation due to 

blastingoiniterms of theopercentage ofomass that passes 

throughiaicertainomeshosize. 

• Fragmentationoof smaller sizes is produced by several 

factors suchoas higher blast energy, weakerorock types 

and smalleroblast hole diameters. 

• More regular fragmentation size results from uniform 

distributionoof explosives in the rockomass, lower 

charge, andogreater space-to-charge ratio. 

Problemoareas in a particular predictiveoblasting 

modeloare typically: 

• Defineirelevant properties of rock mass. 

• Selectoappropriate performance indexoof explosive 

materials. 

• Determinationoof actual fragmentationoof explosives. 

Thisoactivity aims to overcomeothe problem of 

variability andouncertainty in rockomass properties 

through the useoof Monte Carlo simulation. Becauseithe 

state ofothe rock mass changes withoeach blasting 

operation, theifragmentation is alsoodifferent. 

2.1.1 Kuznetsov Equation 

The Kuz–Ram model is aniempirical fragmentation 

model (Cunningham,i1983,i1987; Lizotte, 1990) based 

on the Kuznetsov and Rosin–Rammler equations as well 

as anialgorithm developed by Cunningham,owhich 

obtainsouniformity coefficientsoin the Rosin–Rammler 

equationofrom the detonation parameters.oThis model 

estimatesofragmentation due to blasting inoterms of the 

percentageoof mass that passes through aocertain mesh 

size. 

𝑋𝑚 = 𝐴 (
𝑉0
𝑄𝑇
)
0,8

𝑄𝑇
1/6

, (1) 

where: 

Xm : averageifragmentation size (cm), 

A : rockifactor, 

V0 : rockivolumei(m3), 

QT : mass (kg) of TNTicontaining energyiequivalent to 

the explosiveoin each blast hole. 

Kuznetsov (1973)oconstructed a semi-empirical 

equationobased on field studies and reviewiof previously 

published datairelating the average fragmentisize to the 

mass of theiexplosive, the blast volume explosioniand 

rock resistant. TheoKuznetsov equation, givenobelow, 

involves anoaverage measure of fragmentationiand the 

explosiveoenergyoexerted per unit rock volume (i.e. 

powdericoefficient) as a function of rock type. 

𝑄𝑇 = 𝑄𝑒
𝑆𝐴𝑁𝐹𝑂
115

,  (2) 

where: 

Qe : massiofiexplosivesiusedi(kg), 

SANFO : theirelativeiweightistrength of the explosive 

relativeitoithe ANFO. 

Thisoequation can also beoexpressed in terms of 

powderofactor or specificocharge K (kg of explosives/m3 

of rock). 
𝑉0
𝑄𝑒
=

1

𝐾
,  (3) 

Equationo(2) and (3) canobe rewritten to calculate 

the fragmentationosize as Xm, as follows: 

𝑋𝑚 = 𝐴(𝐾−0,8
)𝑄𝑒

1/6
(
115

𝑆𝐴𝑁𝐹𝑂
)
19/30

,  (4) 

Cunninghamo(1983, 1987) and Lilly (1986) provided 

aimethodology for evaluating rockifactor A based onithe 

geomechanical propertiesoof the rock massoto be 

exploded, usuallyoin the rangeo8–12. 

2.1.2 Rosin-Rammler Equation 

The Rosin–Rammleriequation is used toicharacterize 

the partialisize distribution of a materialofor use in 

various applicationsi(Rosin and Rammler, 1933). 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)
, (5) 

where: 

R : massifractionilargerithanisizeiX, 

X : rockifragmentationidiameteri(cm),  

XC : aicharacteristicomeasureoof rock fragmentation 

(cm), 

n : Rosin–Rammleriexponent, 

e : naturalilogarithmibased, 2,7183. 

The characteristicisize of rock fragmentation, XC, is 

approximatelyithe 36.8% size retention pointiin the size 

distribution function. TheiRosin–Rammler exponent, n, 

is known as the uniformityicoefficient. A wide variety of 

size distributions canibe modeled with the Rosin-

Rammleriequation simply by changing the valueiof n to 

fit the curve.iCunningham (1987) notes that the 

uniformity coefficient n typicallyivaries between 0.8 and 

1.5. 

Since the Kuznetsov formula gives a size Xmithrough 

which 50%iof the material can pass, substitute X = Xm 

and R = 0.5 into equation (6). 

𝑋𝑐 =
𝑋𝑚

(0,693)1/𝑛
, (6) 

Given that theiKuznetsov equation takesiinto account 

the explosionistrength and rock mass characteristics,iand 

that theiaverage size is related to the characteristicisize 

of the Rosin–Rammler distribution, the only unknown is 

the uniformityicoefficient. Cunninghamidetermined the 

applicableicoefficient ofouniformity throughoseveral 

investigations,otaking into account the impact of factors 

such as: blasting geometry,iblastholeodiameter,iburden, 

spacing, hole length andodrilling accuracy. The exponent 

n for the Rosin–Rammleroequation is estimated as 

follows: 
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𝑛 = (2,2 − 14
𝐵

𝐷
) [

1+
𝑆

𝐵

2
]

0,5

(1 −
𝑊

𝐵
) (

𝐿

𝐻
), (7) 

where: 

B :  burdeni(m), 

S :  spacingi(m), 

D : blastiholeidiameteri(mm), 

W :  standardideviationiofidrillingiaccuracy (m), 

L : totalifillilengthi(m), 

H : heighti(m). 

Uniformifragmentation is usually desired; so a high 

valueiof n is preferred. Cunningham'si(1987) experience 

indicatesithat the normal range of n for reasonably 

competent blasting fragmentationiin soil is from 0.75 to 

1.5, withithe average being about 1.0. More competent 

rocks have higher values. 

The modified Kuznetsov equation (4), the Rosin–

Rammler equation (5) and the estimated Rosin–Rammler 

exponent form the basis of the Kuz-Ram formulation for 

explosiveifragmentation prediction models. The Kuz-

Ram model can beiimplemented in various ways 

depending onithe design goals. If it is possibleito 

varyithe blast design to achieve a constant 

averageifragmentation size (Xm), orithe powder factor 

(K) can be kept constant, it is possible to predict the 

resultingisize distribution. 

3.2 Monte Carlo Simulation and Fragmentation 
Prediction 

Firsticreatediby Metropolisiand Ulam (1949),iMonte 

Carlo-basedisimulationimethodsihaveiacquired theistatus 

oficomplete numericalomethods capableoof solving 

complexiproblems. Monte Carloisimulation can 

generally be describedias a simulation methodiwhere 

theisimulation resultsiare based on aimodel where the 

inputivalues are randomlyoselected from 

aorepresentative statistical distributionofunction that 

describesothe input.oThe simulation isorepeated n 

timesoand the resultsonow describe aostatistical 

distributiono(Sobol et al.,o1994; Fishman, 1996). The 

Monte Carloosimulation methodois used in 

situationsowhere there is uncertaintyoin the input data 

andothe uncertaintyoin the calculatedoresults 

accuratelyoreflects the uncertaintyoin the input data. 

It is generally knownothat natural materialsosuch as 

rocks tend tooexhibit a variety ofoproperties. Rock 

strength, fracture spacing andoorientation within a rock 

mass canoand does vary. Drilling itselfocan introduce 

variability withodeviations in spacing,oburden, and drill 

hole alignment.oThe end result of these variationsois the 

resulting fragmentationimeasure which is predictediby 

the Kuz–Ram modelito also showivariability. 

This observation isiespecially important if blastingiis 

intended to achieve aispecific goal other than 

breakingiup the rock mass. Foriexample, the widthiof a 

conveyor system isiusually measured using theisize of 

the fragment toibeimoved. Ifioversized rocks 

areiencountered more frequently thaniexpected, the 

conveyorisystem will not performias expected. 

Anotheriexample involvesihopper size for aicrusher. If 

theimaterial beingiblasted is larger than expected,ithe 

crusher size willibe small, if the materialiis finer than 

expected,ithe use of the crusheriwill be lessithan 

optimal. 

Monte Carlo-based simulations using the Kuz–Ram 

model can provide insight into all these issues and help 

to create appropriate blast designs to meet the required 

objectives. 

3.3 Blastability Index and Rock Factor 
Table 1. Rock Mass Properties 

Parameter Weighting 

1. Rock Mass Description (RMD) 

a. Powder/Friable 

b. Blocky 

c. Total Massive 

 

10 

20 

50 

2. Joint Plane Spacing (JPS) 

a. Close (Spasi <0.1m) 

b. Intermediate (Spasi 0.1-1m) 

c. Wide (Spasi >1m) 

 

10 

20 

50 

3. Joint Plane Orientation (JPO) 

a. Horizontal 

b. Dip out of Face 

c. Strike Normal to Face 

d. Dip Into Face 

 

10 

20 

30 

40 

4. Spesific Gravity Influence (SGI) SGI=25 x 

(SG-50) 

5. Hardness (H) Mohs Scale 1-10 

Source: Jimeno et al., 1995 

The relationship between these five parameters and 

the Blastability Index (BI) can be seen in the following 

equation: 

BI = 0,5 x (RMD + JPS + JPO + SGI + H) 

According to Lily (1986), the equation that provides 

the relationship between rock factors and the explosive 

ability of a rock is as follows: 

RF = 0,12 x BI 

3.4 Blasting Principles in Pits and Quarries 
Blasting design must consider the following 

parameters (Ash, 1968; Jimeno et al., 1995; Hustrulid, 

1999): 

• Blasthole diameter D (m) 

• Bench height H (m) 

• Burden B (m) 

• Spacing S (m) 

• Subdrilling J (m) 

• Stemming T (m) 

• Blasthole pattern (staggered or rectangular) 

• Blasthole deviation and alignment 

• Rock mass properties and discontinuities 

• Explosive properties 

The most critical and important dimension in blasting 

is the burden (B) because it represents the rock mass that 

will be fragmented by the explosive column. The actual 

value will depend on a combination of variables 

including rock characteristics, explosives used, etc. A 

practical guide used to estimate burden is the KB ratio 

(KB is burden/diameter). In general, when KB=30 (values 
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range 20–40), the blaster/blaster can usually expect 

satisfactory results for average field conditions. 

The distance between adjacent blast holes, measured 

perpendicular to the burden, is defined as spacing (S). 

The ideal energy balance between explosives is usually 

achieved when the spacing dimensions are almost equal 

to twice the burden (KS=2) when charging begins 

simultaneously. 

For most conditions, the required subdrilling (J) must 

be 0.3 times the burden dimension that produces KJ or 

the subdrilling to burden ratio (Ash, 1963). 

Stemming (T) is the part of the blast hole that has 

been filled with drilling ash or gravel material which is 

compacted on top of the explosive material so that it can 

limit and contain the gas produced by the explosion, 

thereby increasing the fragmentation process. In general, 

a KT (stemming/burden ratio) of 0.7 is a fairly good 

value. 

It has been found that fragmentation is strongly 

influenced by local geological conditions. The strike 

direction and dip direction of joint joints and their 

frequency in the rock mass are very important, because 

the stress waves generated by the explosion of 

explosives will be reflected towards surface fractures. 

Rock mass discontinuities perpendicular to the blast hole 

axis have little influence on fragmentation. However, if 

the hole is parallel to the borehole axis, energy will be 

wasted due to excessive crushing in the area near the 

borehole, while little energy is distributed around the 

blast hole. The direction of the blast in relation to the 

structural conditions is of great importance in practice. 

4 Research Results and Discussion 

4.1 Blasting Geometry Di PT. Semen Padang 
Table 2. Actual Blasting Geometry  

N

o 

Da

te 

Bla

sth

ole 

D 

Hole 

(inch) 

B 

(m) 

S 

(m) 

T 

(m) 

H 

(m) 

Sub 

dril

ling 

(m) 

PC 

(m) 

PF 

(kg/

ton) 

1 30-
01-

23 

33 5 5 5 4 9.23 1 5.2
3 

0.3
44 

2 31-
01-

23 

50 5 5 5 4 7.93 1 3.9
3 

0.3
01 

3 13-
02-

23 

50 5 5 5 4 9.79 1 5.7
9 

0.3
59 

4 14-
02-

23 

40 5 5 5 4 7.6 1 3.6 0.2
88 

5 16-
02-

23 

50 5 5 5 4 8.24 1 4.2
4 

0.3
13 

6 17-
02-

23 

46 5 5 5 4 9.72 1 5.7
2 

0.3
58 

7 20-
02-

23 

55 5 5 5 4 7.8 1 3.8 0.2
96 

8 22-
02-

23 

50 5 5 5 4 9.83 1 5.8
3 

0.3
60 

9 23-
02-

23 

40 5 5 5 4 9.38 1 5.3
8 

0.3
48 

4.2 Rock Mass Properties 
Rock Mass Weighting at PT. Semen Padang, 

according to Lilly (1986), is obtained from the sum of 

the values of the five parameters, namely rock mass 

description, joint spacing, joint plane orientation, 

influence of specific gravity, and hardness. It can be seen 

in (Table 1). 

Based on the values of the rock parameters above, 

the Blastability Index (BI) and Rock Factor (RF) can be 

determined as follows: 

Blastability Index (BI): 

= 0.5 (RMD + JPS + JPO + SGI + H) 

= 0.5 (50 + 20 + 40 + 16.25 + 3) 

= 64.625 

Rock Factor (RF): 

= 0.12 x BI 

= 0.12 x 64.625 = 7,755 

4.3 Fragmentation Analysis Using the Kuz-Ram 

Method 
The rock from the blasting process carried out by the 

company is expected to produce good fragmentation, 

namely less than 80 cm. Fragmentation can be said to be 

good if the percentage value of the fragmentation size is 

≤1/3 of the bucket size used. However, on the other 

hand, if the resulting rock fragmentation is larger than 

1/3 of the bucket size, then the fragmentation is said to 

be boulder, namely >80 cm. The company targets a 

fragmentation size of <80 cm to have a pass percentage 

of at least 80%. 

To analyze the size of rock fragmentation resulting 

from blasting using the Kuz-Ram method, the Kuz-Ram 

and Rosin-Rammler equations are used, so the results are 

as follows: 

Table 3. Kuz-Ram Method Analysis 

No Date 

Average 

Size of 

Fragment

ation (cm) 

Rosin 

Rammler 

Index (n) 

Size 

Character

istic 

Values Xc 

(m) 

Retaine

d 

Percent

age 

(R80) 
1 30-01-23 49,32 1,06 69,71 31,40% 

2 31-01-23 52,26 0,95 76,88 35,40% 

3 13-02-23 48,50 1,10 67,69 30,07% 

4 14-02-23 53,39 0,91 79,89 36,74% 

5 16-02-23 51,40 0,98 74,73 34,33% 

6 17-02-23 48,58 1,10 67,80 30,13% 

7 20-02-23 52,71 0,93 78,19 36,00% 

8 22-02-23 48,44 1,10 67,60 30,01% 

9 23-02-23 49,07 1,07 69,13 31,06% 

Rata-Rata 50,41 1,02 72,40 32,79% 

 

Table 4. Results of Rock Fragmentation Measures Kuz-

Ram Method 

Size (cm) 20 40 60 80 100 

30-01-23 23,37% 42,59% 57,39% 68,60% 76,91% 

31-01-23 24,29% 41,58% 54,62% 64,60% 72,30% 

13-02-23 23,01% 42,92% 58,35% 69,93% 78,48% 

14-02-23 24,69% 41,31% 53,73% 63,26% 70,68% 

16-02-23 24,03% 41,48% 55,35% 65,67% 73,56% 

17-02-23 22,98% 40,86% 58,28% 69,87% 78,42% 

20-02-23 24,53% 41,50% 54,24% 64,00% 71,55% 

22-02-23 23,04% 42,96% 58,40% 69,99% 78,53% 

23-02-23 23,30% 42,70% 57,65% 68,94% 77,34% 
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Picture 1. Rock Fragmentation Distribution Curve 

Using the Kuz-Ram Method 

 

 
Picture 2. Rock Fragmentation Distribution Curve 

Using the Splitdesktop Method 

4.4 Fragmentation Analysis Using Monte Carlo 
Simulation 

In this study, the simulation of rock fragmentation 

resulting from blasting uses Monte Carlo simulation 

based on parameters or the Kuz-Ram model, so that it 

will be able to predict the entire size distribution of rock 

fragmentation resulting from blasting. 

Monte Carlo simulation analysis based on Kuz-Ram 

parameter data obtained from the PT. Semen Padang. 

Nine data were taken on different days. Then, based on 

this data, the Kuz-Ram method analysis will be carried 

out as has been done previously. 

Monte Carlo simulations were carried out based on 

the Kuz-Ram equation to calculate the percentage 

distribution of rock fragmentation; 

𝑅𝑥 = 𝑒−(
𝑥
𝑋𝑐

)𝑛𝑥100% 

with a formula that has been set in Microsoft Excel, 

the X value is set starting from 0 until the percentage 

distribution of rock fragmentation produced is 100%. 

The size characteristic value (Xc) is obtained based on 

the average of the nine Kuz-Ram method data produced. 

This results in a rock fragmentation distribution curve 

resulting from blasting as follows: 

 
Picture 3. Rock Fragmentation Distribution Curve 

Using Monte Carlo Simulation 

 

 
Picture 4. Comparison Curve of Cumulative 

Distribution of Rock Fragmentation Results from 

Blasting 

5 Conclusion 

1. By using Splitdesktop analysis it was found that the 

average fragmentation of rocks that passed the 80 cm 

size was 47.31%, while using the Kuz-Ram method 

the average fragmentation of rocks that passed the 80 

cm size was 67.21%. Meanwhile, using the Monte 

Carlo simulation method, the fragmentation of rocks 

that pass the 80 cm size is 66.85%. The comparative 

value of rock fragmentation resulting from blasting 

using the Kuz-Ram method with Splitdesktop 

analysis is 1:0.89. 

2. The blastability index parameters are as follows: 

a. The RMD (Rock Mass Description) value in the 

research area was obtained with a weight of 50 with 

a totally massive rock description. 

b. The JPS (Joint Plane Spacing) value is obtained 

with a weight of 20, with information about the 

distance between joints ranging from 0.1 – 1 m). 

c. The JPO (Joint Plane Orientation) value is obtained 

with a weight of 40. 
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d. The SG (Specific Gravity Index) value was 

obtained with a weight of 16.25. By calculating the 

specific gravity of limestone, it is 2.65 gr/cm3. 

e. The Hardness value with the help of the Mohs scale 

is obtained with a weight of 3 which is the 

limestone group. 

With these blastability index parameters, the 

blastability index value itself is 64.625. With a 

blastibility index value of 64.625, the rock factor 

value is 7.755. 

3. The fragmentation that passes the 80 cm size in the 

Kuz-Ram method is 67.21%, in the Splitdesktop 

analysis it is 47.3% while in the Monte Carlo method 

it is 67%. 
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