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Analysis of Disruptive Power of Commercial Explosives 
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Abstract 

The suggested methodology pretended to measure the level of the disruptive power of each 

commercial explosive. Two observations were developed to measure the disruptive power: first, the 
explosive manipulation should be close the perfection, so any misapplication could depreciate – by 

the new methodology – the disruptive power. The explosive misapplication also develops a 

preliminary analysis: the amount of failures could compare and classify the different types of mining 

exploitation with the same mineral. Finally, the second observation was the understanding of the 

explosive efficiency by the comparation of the theoretical and the powder factor. Both observations 

showed the explosive disruptive power. 

Developing a discussion about the level of the disruptive power, the main observations were 

constrained on the limestone context: 

• The geometric charging layout was checked by the empirical formulation. As the main goal, 

this formulation optimized the explosive efficiency suggesting a constrained interval of 

geometric measurements. Then, any measurement out this suggested range was tagged as 

a project misapplication. 

• The explosive theoretical charging was compared with the amount really used. Moreover, 
putting both information in parallel, it was possible to clarify the efficient amount of explosive 

used: different types of factors could provide better efficiency and consequently, the higher 

disruptive power.  

The main Thesis focus was analyzed and discussed the disruptive power of two explosives: 

NITRAM5 and Premex831 applied on 8 different charging layouts of limestone. By the suggested 

methodology, the NITRAM5 showed a better disruptive power than Premex831. 
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1. DATA AND PARAMETERS 

The Italian cases selected were eight limestone quarries located mainly on the Northern east and 

Italy’s west coast (Figure 1). The chosen exploitations were open pit using different types of 

explosives and initiation systems to blast the limestone. 

 
Figure 1: Location of Italian cases 

The Table 1 shows all the parameters of each case. Currently, the open pit cases used a range of 

hole diameter between 64, 76 and 89 mm and a different burden including 2,5; 3,0; 3,2 and 3,5. 

Furthermore, to adequate the blasting layout on the available space and increase the efficiency of 

limestone exploitation, the bench blasting designs were square, then burden and spacing had no 

difference. 

Table 1: Parameters of Italian cases 

Parameters Letter 1 2 3 4 5 6 7 8 Unit. 
Bench height H 3,0 4,9 9,1 3,0 3,0 8,4 5,5 5,5 m 
Hole depth H1 3,8 5,5 10,0 3,5 3,5 9,0 6,0 6,0 m 

Hole diameter Φf 64,0 76,0 89,0 76,0 76,0 76,0 89,0 89,0 mm 
Burden A 2,5 2,5 2,5 3,0 3,0 3,2 3,5 3,5 m 
Spacing S 2,5 2,5 2,5 3,0 3,0 3,2 3,5 3,5 m 

Inclination α 0,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 grad. 
Sub-drilling G 0,8 0,5 0,8 0,5 0,5 0,5 0,6 0,6 m 
Stemming T 1,9 3,5 5,3 2,2 2,5 4,0 2,7 2,8 m 

Number of holes n 52 23 6 80 80 50 40 40 - 
Bottom charge CF 4,0 4,0 7,0 3,0 4,0 5,3 7,0 10,8 kg 

Charge CC - 4,0 3,0 - - 13,2 - - kg 
Explosive charge QT 4,00 7,92 10,00 3,00 3,96 18,48 7,00 10,83 kg 
Specific drilling f 0,20 0,18 0,18 0,13 0,13 0,10 0,09 0,09 m/m3 
Powder factor q 0,21 0,26 0,18 0,11 0,15 0,21 0,10 0,16 kg/m3 

Observing each case, the applied explosives were basically three: NITRAM 5, Premex 831 and 

Premex 851. The length, diameter, density and other characteristics of each explosive are in Table 



 3 

2. Moreover, it is important to note, the initiation system applied was non-electric and electric with 

different times of delay as visualized in Table 3. The detonation cord was also used.  

Table 2: Parameters of each explosive 

Explosive Diameter 
(mm) 

Length 
(mm) 

Density 
(kg/m3) 

Specific 
energy 
(MJ/kg) 

Specific 
pression 

(MPa) 

Detonation 
velocity 

(m/s) 
NITRAM 5 50 475 1200 3,50 9075 5500 

Premex 831 60 390 1200 4,07 8112 5200 
Premex 851 60 380 1250 4,30 7200  4800 

Table 3: Parameters of initiation system 

Case Type of 
detonator 

Delays 
t (ms) Type of explosive Observations 

1 Non electric 25/500 NITRAM 5 + nonelstarter 

2 Non electric 25/200 Premex 831 + detonation cord 12g/m 

3 Electric 25 NITRAM 5 + detonation cord 12g/m 

4 Electric 20 NITRAM 5 + detonation cord 12g/m 

5 Electric 25 Premex 831 + detonation cord 12g/m 

6 Non electric 25/350 Premex 851 + 831 - 

7 Non electric 25/350 NITRAM 5 - 

8 Non electric 25/350 Premex 831 - 

 

2. METHODOLOGY 

Later on, the two methods were studied with the aim to understand the disruptive power of commercial 

explosives applied to those the Italian cases: 

• Verifying the Ash parameters in specific cases. These parameters are important to analyze 
the proportion between the design measurements and the blasting efficiency; to this aim, 

Ash suggested ranges between selected values to support an efficient blast. So, for each 

Italian case, the calculation of Ash parameters and, later on, their verification were made to 

check whether they were respected; 

• Verifying the correct powder factor (Clerici et al., 1974). This represents the amount of 
charge needed to blast a unit volume of rock [kg/m3]. This theoretical value of a controlled 

fragmentation level was compared with the amount of explosives used to blast the limestone. 
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3. RESULTS 

Firstly, the Ash parameters of burden (A, Equation 1), spacing (S, Equation 2), bench height (H, 

Equation 3), stemming (T, Equation 4) and sub-drilling (G, Equation 5) were calculated through the 

blasting dimensions (previously mentioned). Except for the Ash parameter of burden (a ratio of 

burden and hole diameter), the other parameters are a ratio between the respective dimension and 

burden: 

𝐴 = 𝐾$. 𝜙'    (Equation 1) 

𝑆 = 𝐾). 𝐴    (Equation 2) 

𝐻 = 𝐾+. 𝐴    (Equation 3) 

𝑇 = 𝐾-. 𝐴    (Equation 4) 

𝐺 = 𝐾/. 𝐴    (Equation 5) 

 

Then, the results are visualized in Table 4 with the maximum and minimum of each range suggested 

by Ash. The number out of the range are hatched.  

Table 4: Ash parameters 

Case Ka=A/Φf Ks=S/A Kh=H/A Kt=T/A Ku=U/A 
1 39 1 1,20 0,76 0,32 
2 33 1 1,96 1,40 0,20 

3 28 1 3,62 2,10 0,32 
4 39 1 1,00 0,73 0,15 
5 39 1 1,00 0,83 0,15 
6 42 1 2,66 1,25 0,16 
7 39 1 1,57 0,77 0,17 
8 39 1 1,57 0,80 0,17 

min. 25 1,25 1,50 0,50 0,2 
max. 40 5,00 4,00 1,00 0,5 

Posteriorly, the method suggested by Clerici et al (1974) was used to develop the powder factory 
analysis. This method is based on two diagrams made by the observation of Italian limestone 

quarries. The first graphic has as the horizontal axis the ratio between D and DMAX (respectively the 

expected dimension and its maximum size) and as the vertical axis the percentage of blasting rock 

lower than the D. The second graphic gives a relation between P.F. and P.F.MIN (powder factor 

expected, and the minimum powder factor suggested just to disintegrate the rock mass) as the 

vertical axis and DMAX and burden (A) as the horizontal. The graphics of this method could be 

visualized in Figure 2. 
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Figure 2: At left: the first graphic, at right: the second (taken from Mancini & Cardu, 2001) 

Initially, it has required to define some variable parameters according to a best scenario (in terms of 
profit) of the Italian limestone exploitation: 

• 95% of the blasting rock should be smaller than D; 

• D equal to 0,80 m to avoid rock blasting dimensions out of range of equipment capacity 

(mainly the first crusher); 

• Limestone P.F.MIN of 0,180 kg/m3. 

The DMAX and posteriorly powder factor of each different burden were calculated. Figure 3 and Table 

5 show the results.  

 

Figure 3: Analysis of powder factor method (taken from Mancini & Cardu, 2001) 
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Table 5: Results of the powder factor analysis 

 A (m) DMAX/A PF/PFMIN PF (kg/m3) q (kg/m3) Explosivo 
1 2,500 0,520 1,680 0,302 0,213 NITRAM 5 
2 2,500 0,520 1,680 0,302 0,259 Premex 831 
3 2,500 0,520 1,680 0,302 0,177 NITRAM 5 
4 3,000 0,430 1,800 0,324 0,111 NITRAM 5 
5 3,000 0,430 1,800 0,324 0,147 Premex 831 
6 3,200 0,410 1,840 0,331 0,212 Premex 831 + 851 
7 3,500 0,370 1,890 0,340 0,104 NITRAM 5 
8 3,500 0,370 1,890 0,340 0,161 Premex 831 

 

4. FINAL ANALYSIS AND CONCLUSION 

The Ash parameters revealed what dimensions were closer to the high efficiency. In this context, 

each parameter could be evaluated separately, because it has a different range of acceptance:  

• Burden (KA). The burden parameter did not follow a normal distribution between the 
suggested interval by Ash. According to Hustrilid (1999a), the KA parameter is directly 

proportional to the explosive density and inversely by the rock mass mechanical strength. 

Then, the values close to the maximum interval limit could be explained by the fact: the 

limestone is a low-density rock (between 2200 and 2700 kg/m3) while the explosives applied 

were high-density (1200 and 1600 kg/m3); 

• Spacing (KS). According to Dinis da Gama (1993), the KS parameter is dependent on the 

delay order of holes next to. Through the simultaneity of the initiation system, the value of 
the spacing parameter increases. However, observing the Italian cases, even the application 

of delay initiation systems, the spacing parameter is 1. Then, it could be explained through 

the equality between spacing and burden; 

• Bench height (KH). Almost three-quarters of the results are following the suggested intervals 

by Ash. As in the cases “1”, “5” and “6”, according to Bernardo (2004), the values lower than 

or close to the minimum range (1,5) can develop super fracturing and isolated craters inside 
the holes; 

• Stemming (KS). The cases “2”, “3” and “6” used charge and bottom charge with an 

intermediary stemming. The values upper than the suggested interval were clarified by a 

high bench height along with a small dimension of burden. According to Bernardo (2004), a 

high value of stemming parameters is adopted when intending to decrease the amount and 

the importance of flyrocks.  

• Sub-drilling (KU). Sub-drilling is recommended to correct the inaccuracies of the floor of the 

bench. Approaching these results, the sub-drilling parameters could respect the suggested 

interval by Ash, because the physical characteristic of limestone (a good cleavage) helped 

a satisfactory cutting.  
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Later on, the powder factor analysis helped to understand better the disruptive power of the applied 

explosives. By mathematically comparison, assuming the same context of the application and a 

similar technical condition: the NITRAM 5 has obtained a higher efficiency and, consequently, a 

greater disruptive power than Premex 831, since the first explosive consumed a lower amount of 

explosive substance than the second. For the same purpose, NITRAM 5 achieved a better yield 

compared to the other explosive. 

Still, in the context of the powder factory, the low-level of this parameter has to be explained. As in 
the cases “4”, “5”, “7” and “8”, levels lower than the minimum powder factor applied (0,180 kg/m3) 

are understood through the minimum energy to induce fissures and discontinuities in the limestone 

aiming at mechanical exploitation by a loader (Figure 4). 

 

Figure 4 Mechanical removal by the loader (taken from Cardu & Giraudi, 2009) 

The use of a detonating cord offers the explosive a detonation velocity below that expected. The 
poor performance of this system is due to an axial initiation that it detonated only on the contact 

points of the explosive. Thus, using of the detonating cord, the blasting layout of “2”, “3”, “4” and “5” 

can develop a poor result. 

Finally, it is concluded that disruptive power, linked to efficiency, depends on intrinsic factors of the 

explosive, as well as external factors such as rock mass quality and the type of initiation system. The 

explosive application context should be fully understood so that the efficiency and therefore the 

disruptive power is maximum. 
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