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Abstract: In each project, there is always a possibility of occurrence of hazards and risks. Accidents
cause many damages such as financial and psychological problems, that may have a negative effect on the
workers life. To prevent or reduce the occurrence of incidents, it is necessary to identify and manage the
relevant affecting factors. Blasting is one of the events that has frequently led to accidents. In this paper, 13
factors affecting the occurrence of blasting related accidents in the mining and construction projects, have
been selected according to the opinion of experts and ranked to identify the most important one. For this
purpose, Monte Carlo simulation method and analytical hierarchy process method were implemented. The
factors were ranked based on the opinion of 15 experts in this field. Finally, based on the obtained results,
inappropriate blasting time, unprofessional personnel were selected as the most important factors. Also,
blasting pattern specifications, type of explosive and rock mass characteristics have the least effect in this
regard. Validity of the paper outcomes was checked with comparing the real recorded events.

Keywords: Ranking, Analytical Hierarchy Process, Blasting incidents.

INTRODUCTION

Investigation and analysis of the effective factors on blasting incidents is the main purpose of the current
research. To achieve this aim, at the first step, 67 factors that were involved in the occurrence of incidents
in the mining and construction activities, were collected. In the next step, based on the experts’ opinion, 13
criteria, which are influential in the incidents, were selected. This selection has been done on the basis of a
questionnaire. These criteria are shown in Table 1. In the next step, using Monte Carlo analytic hierarchy
process the most effective factors were determined.
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Monte Carlo Analytic Hierarchy Process

A Monte Carlo method is a computational algorithm that relies on repeated random sampling to compute
its results [1-3]. Monte Carlo methods are often used when simulating physical and mathematical systems.
Because of their reliance on repeated computation and random or pseudo-random numbers, Monte Carlo
methods are most suited to calculation by a computer. Monte Carlo methods tend to be used when it is
infeasible or impossible to compute an exact result with a deterministic algorithm. Monte Carlo simulation
is performed in the following steps [4]:

Step 1: determine the distribution function and probability cumulative distribution for each uncertainty
specified in the second phase of risk management process regarding the available records and experts’
opinion.

Step 2: generate a random number in the range of [0—1].

Step 3: for each random number allocate a value by using the probability cumulative distribution.

Step 4: draw the probability cumulative distribution of goal function by values sample.

FINDINGS AND ARGUMENT

The obtained results of this research show that human mistakes have the greatest impact on the occurrence
of an incident and do not depend on the type of explosives and rock mass characteristics. Table 1 shows the
score of each factors.

Table 1. Ranking of criteria and their final score

Index Criterion Rank Score
C Quality of explosive 6 0.047726
G, Type of explosive 12 0.01917
G Quality of drilling 2 0.244322
Cy Quality of equipment 10 0.022899
Cs Cap unwanted explosion 4 0.200337
Cs Inappropriate blasting time 1 0.0270198
C; Distance from the blasting block 5 0. 136473
Csg Personal skill 3 0.211593
Cy Explosive transportation 7 0.042655
Cio Unloading quality 8 0.037053
Cu Rock mass characterization 11 0.020989
Cp, Geometry of blasting pattern 9 0.031355
Cis Wet holes 13 0.007265

In Figure 1, the distributions of the six main causes of the occurrence of events are shown, which shows
the proximity of these factors. These factors are mostly related to human mistakes.

According to the obtained results of this study, the most important factors affecting the incident are the
inappropriate blasting time, drilling quality, personal skill, unplanned explosion of detonation, the distance
from the explosive block and the quality of the explosive. Also, the factors that have the least effect are
blasting pattern specifications, type of explosives, rock mass characteristics, the quality of equipment and
wet holes.

Table 2 shows the real recorded events from blasting operations in mines and construction projects
during the years 1999 to 2011. In this Table, the most accidents related to open pit mines.

Also, the main causes of accidents in these projects are presented in Figure 2. In this chart, the accident
factors are represented by A, B, C and D, respectively, which:

A: Drilling quality
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B: Unwanted explosion of cap
C: Distance from the blasting block
D: Unloading the blast holes

S =
3 =

030

1/wl 3/w3 5/wS 6/ w6 C8/w8

C7/w7

Figure 1. Distribution of the main reasons for occurancing the accidents

Table 2. Number of Events between 1999 and 2011

Row Title Number

1 Total events 32

2 Open pit events 18

3 Underground events (Tunnel) 11

4 Seismic projects 1

5 Explosive store 1

6 Coal mine 1

o I [ |

A ' Events ) '

Figure 2. The main events category in Iran mines

CONCLUSIONS

In this paper, the most effective factors on drilling and blasting hazards were determined using Monte
Carlo simulation and Analytical Hierarchy Process methods. Obtained results have shown that human
mistakes are the most important reason for hazard occurrence. Also, inappropriate blasting time, drilling
quality and personal skills are the other important factors. On the other hand, blasting pattern specifications,
type of explosive and rock mass characteristics have the least effect in this regard. Finally, Validity of the
paper outcomes was checked with comparing the real recorded events.
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