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Optimal Fragmentation Summary

Blast Pattern Blasting operations in open-pit mines constitute a crucial and costly
Fragmentation Prediction stage of the production cycle. Poorly designed blast patterns can result

Fragmentation Optimization
Artificial Neural Network
Firefly Algorithm

in undesirable outcomes such as improper fragmentation, fly rock, and
ground vibrations, leading to increased mining costs. This study
presents a predictive and optimization model for rock fragmentation
using data from 60 blasting operations in the Narbaghi copper mine. The input parameters include burden,
spacing, bench height, number of holes, and number of rows. An artificial neural network (ANN) was
employed for fragmentation prediction, yielding superior accuracy. A three-layer backpropagation ANN with
15 neurons in a single hidden layer and exponential and logarithmic sigmoid activation functions demonstrated
the best performance, achieving an R? value of 0.94. Sensitivity analysis revealed that burden and spacing had
the most significant impact, whereas bench height had the least effect on fragmentation. Finally, the optimal
blast pattern was determined using the firefly algorithm, leading to a reduction in burden from 2.5 mto 1.8 m,
spacing from 3.0 m to 2.25 m, and bench height from 6.0 m to 5.4 m. Consequently, the D50 value was
optimized with a reduction of 59% to 88%.

Introduction

Blasting is an essential process in open-pit mining that significantly affects downstream operations. Improper
blast design can lead to increased operational costs due to inefficient fragmentation, excessive fly rock, and
ground vibrations. This study aims to develop an accurate and efficient predictive model for rock
fragmentation and optimize the blast design using artificial intelligence techniques. By integrating artificial
neural networks and metaheuristic algorithms, this research provides a robust framework for improving
fragmentation control, minimizing adverse environmental effects, and reducing overall mining costs.

Methodology and Approaches

A dataset consisting of 60 blasting operations from the Narbaghi copper mine was used to develop the
prediction model. The study utilized a three-layer backpropagation artificial neural network (ANN) with 15
neurons in the hidden layer and exponential and logarithmic sigmoid activation functions. Sensitivity analysis
was conducted to evaluate the impact of different input parameters, including burden, spacing, bench height,
number of holes, and number of rows, on fragmentation. The optimization phase employed the firefly
algorithm to refine blast parameters and achieve optimal fragmentation results.

Results and Conclusions
The ANN model demonstrated high predictive accuracy, achieving an R? value of 0.94. Sensitivity analysis
indicated that burden and spacing had the most significant effect on fragmentation, while bench height had
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the least impact. The firefly algorithm was used to optimize the blast pattern, leading to reductions in burden,
spacing, and bench height, which significantly improved fragmentation efficiency. The optimized design

reduced the D50 value by 59% to 88%, confirming the effectiveness of the proposed approach in enhancing
blasting performance in open-pit mines.
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