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Abstract: In the blast phenomenon, the explosives release a lot of energy, which causes damage and fractures the
rock mass. One of the influencing parameters in the blasting results is the way the blast hole is charged. Power Deck
blasting has been introduced as a blasting method to reduce or eliminate sub-drilling, optimize crushing, and reduce
undesirable results. The purpose of this research is to investigate the impact of the Power Deck blasting method on the
borehole pressure and damage to the rock mass compared to the conventional method. In this regard, the numerical
simulation of a single blast hole was carried out using conventional and Power Deck methods by using LS-DYNA
software. The results showed that in the Power Deck method, in the area of the air deck, the initial pressure of the hole
is reduced compared to conventional blasting, and secondary pressures are produced, which leads to a reduction in the
expansion of the hole along the air deck by 45% and increases the destruction in multi-stage. On the other hand, the
generation of secondary pressures in the Power Deck method causes a 30% and 48% increase in rock mass destruction
in the area of the bottom of the hole compared to the conventional method. As a result, the Power Deck blasting
method improves the amount of expansion and destruction by using less explosive, which indicates the optimal use of
the explosive energy.
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INTRODUCTION

Blasting with an air column can lead to improved blasting results such as fragmentation, ground
vibration, fly rock, and blasting costs [1-3]. One of the influencing parameters in the results of this blasting
method is the correct calculation of the length of the air column. MelNikov and Marchenko proposed the
following relations based on experimental results to determine the length of the air column:

ADL =K; *OCL  (K; =0.15-10.35) (1)
ADL =K, xd (K, =8-12) (2)
Where:

ADL: is the length of the air column (m),

OCL.: is the total length of charge (including the air column) (m),

d: is the diameter of the charge (m),

K1 and K2: are the ratios of the length of the air column (or air deck) [4].

The Power Deck blasting method has been proposed for optimal use of the explosive energy and
improving the crushing at the bottom-bench compared to the conventional blasting method [5]. The Power
Deck method is a blasting method that uses an air column, but in this way, the air column must be placed
at the bottom of the blast hole. In this research, an attempt has been made to investigate the changes in the
history of the pressure distribution of the hole, expansion of the blast hole, and damage to the rock mass
around the blast hole caused by two methods of charging (conventional and Power Deck) by numerical
simulation of a single conventional and Power Deck blast hole.

METHODS

Since numerical modeling saves time and reduces costs, it is one of the most widely used research
methods in blast engineering. The LS-DYNA software has a very high accuracy in simulating rock mass
blasting [6-8]. Therefore, in this research, LS-DYNA software was used for the numerical simulation of
blasting. Figure 1 shows the geometrical characteristics and the method of charging the blast hole in the
conventional and Power Deck methods.
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Figure 1. The way of charging in the conventional and Power Deck methods (points A, B, and C show the position
of the data collection elements after the blasting)
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FINDINGS AND ARGUMENT

Borehole pressure analysis

According to Figure 2, the trend of pressure changes shows that the Power Deck blasting
method, by producing secondary pressures along the air column, can lead to the improvement of
crushing (increasing the area of radial cracks) in the area at the bottom of the blast hole.
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Figure 2. Borehole pressure history in elements A and B in conventional and Power Deck single blast holes

Damage around the blast hole

The damage history of element C (Figure 3) shows that in the conventional method, one-stage
damage occurred, which could be caused by one-stage blast hole pressure. But on the other hand,
the damage to element C in the Power Deck method shows that the damage occurred in several
stages due to the presence of secondary pressures. The highest amount of damage in element C
for the conventional method is equal to 0.22, while it is equal to 0.39 in the Power Deck method.

CONCLUSIONS

The results of the numerical analysis show that the presence of an air column at the bottom of
the blast hole leads to a change in the borehole pressure trend of the hole along the air column.
The pressure history along the air column shows that this method leads to lower primary pressure
and applying secondary pressures compared to the conventional method. The change in blast hole
pressure leads to a 45% decrease in the expansion of the hole along the air column and a 30% and
48% increase in the damage length along the air column compared to the conventional method.
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Figure 3. Comparison of damage expansion in element C for the conventional and Power Deck methods
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