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Abstract. The article shows the results of the development of a 
method for obtaining information on the strength properties of an 
massif in the process of drilling of blast holes. This method is 
developed for open-cast mining and serves to increase the 
effectiveness of mass explosions. The order of operations is shown 
and the equipment is described for obtaining the necessary 
measured characteristics for the subsequent simulation of the 
distribution of rocks in the volume of the local block of the massif. 
The paper presents an approach to simulating of a three-
dimensional model of rock distribution from the difficulty of 
drilling in the volume of a local block that is subject to explosive 
destruction. The results of approbation of the equipment and 
simulation procedure at a large mining enterprise OJSC 
"Uralasbest" when blast holes are drilled with roller-type drill rig 
are presented. As a result of the approbation of the equipment, the 
values of the average power consumption for the drilling of one 
meter of the well were set by the machine tool, the fraction of 
power attributable to the auxiliary operations, and the average 
energy intensity of the fracture (by the rotator power, without 
taking into account the compressor's cost for blowing the well). 
Based on the test results, a digital model has been developed that 
has made it possible to improve the quality of studies on strength 
properties of rocks in an experimental local block prepared for 
explosive destruction. Key words: Strength properties, models, 
rocks, properties, drilling, blast holes, equipment. 

1 Introduction 
In Russia, during the development of solid minerals deposits in large quarries, up to 1 
billion tons of rocks are mined, at least 80% of which are rocky and can be destroyed only 
with the use of drilling and blasting methods. The effectiveness of destruction of rocks by 
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drilling and blasting is largely dependent on the correspondence of strength properties of 
rocks to the technical characteristics of drilling equipment and explosives. Existing 
methods for obtaining information on the strength of the rocks being developed are the 
operational additional exploration of mineral deposits, the method for determining the 
properties of the rocks of the massif in terms of the rock drillability index have certain 
certainty that should increase as the mineral deposit is mined. 

The Institute of Mining of the Ural Branch of the Russian Academy of Sciences is 
carrying out research to improve the modeling and strength properties of rocks in the 
process of roller drilling blast holes in quarries. The method of obtaining information on the 
properties of the rock massif was first proposed by the Soviet scientist I.A. Tangayev [1] in 
the 70's of the XX century. Further research in this direction was developed by Russian [2-
6] and foreign scientists [7-11]. 

2 Sequence of actions for obtaining the necessary data for 
modeling purposes 

According to the studies [3], index of the difficulty of drilling based on the index of rock 
drillability, according to V.V. Rzhevsky, can be used as a criterion for evaluating rocks by 
strength.  

To determine the difficulty of drilling index, the Institute of Mining of the Ural 
Branch of the Russian Academy of Sciences, in cooperation with JSC NPO 
Avtomatiki, developed a special set of equipment. The equipment is a system of 
sensors connected to the controller, which provides wireless data transfer to an external 
server (Fig. 1). 

 
Fig. 1. The equipment installed in the cabin of the drilling rig SBSH-250MNA-32: 1- controller. 

The sequence of actions performed to obtain the necessary information for the 
subsequent simulation of the distribution of rocks in terms of the difficulty of drilling 
in the volume of a local block is as follows. 

Choosing a rational drilling technology and tools. Next, a roller-type drilling rig 
drills blast holes according to the project for drilling and blasting operations (Fig. 2). In 
the process of drilling blast holes, the chisel passes various strength rocks. At the same 
time, the sensor system measures the electric parameters of the drilling rig motors, and 
records the time and depth of drilling of each well. 
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Fig. 2. The drilling rig with the installed equipment makes drilling of wells in the local block of the 
rock massif: 1 - drilling rig SBSH-250MNA-32; 2 - blasting wells; 3 - local block of the rock massif. 

The obtained information on the parameters of the drilling process for blast holes is 
transferred via wireless communication to the server of the enterprise data center to 
calculate the drilling difficulty for each well. The calculation results are transferred to the 
database of the system and in the future they are used as basis for constructing of a digital 
three-dimensional model for the location of rocks and ores with different strengths within 
the boundaries of the local block of the massif.  

3 Simulation of strength properties of rocks by drilling results 
Based on the information received from the sensors, the drilling difficulty index, which 

objectively reflects the strength properties of the massif, is calculated. Thus, we obtain an 
array of data spatially distributed over each well in the local block. To build a volumetric 
model of rock distribution from the difficulty of drilling, it is necessary to determine the 
values of the index reflecting the strength properties of the rocks not only in each well, but 
also at points located between the wells. To solve the problem, the kriging geostatistical 
method [12], which is realized in the program environment R, is the best. 

At the first stage of building a three-dimensional model, the grid of the block is 
calculated. To do this, the block is divided into the specified elements. The size of one 
element is: one meter in width, one meter in length and 0.5 meters in depth. You can 
specify other values for the elements. However, if you make a very small grid, the 
calculation of the model is much longer. At the final stage, a three-dimensional model of 
the rock distribution from the difficulty of drilling is calculated. The result of the model is 
shown in Fig. 3. 
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Fig. 3. Three-dimensional model of the distribution of rocks in the local block in terms of the 
difficulty of drilling index Pd.  

To visualize the features of the distribution of rocks in terms of the difficulty of 
drilling index Pd into the depth of the massif prepared for explosive destruction, a 
number of sections through 0.35 m are carried out in a three-dimensional model. One 
of these sections of the model in the direction of changing the width of the block is 
shown at Fig. 4. 

 

 
Fig. 4. Three-dimensional model direction by depth of the block. 
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4 Results and discussion 
Approbation of the equipment and simulation procedure was carried out at quarries of an 
OJSC "Uralasbest" large mining enterprise when blasting wells were drilled on the test 
block with a SBSH-250MNA-32 roller-type drill rig. 

In the process of measuring the parameters of drilling at the quarries of OJSC 
"Uralasbest" a large amount of observations were obtained in rocks of various petrographic 
composition represented by chrysotile serpentinites, amorphous and schistose crescents, 
gabbros and diorites. 

Processing of data in a special software allowed the data obtained from the machine to 
be translated into the values of the difficulty of drilling index Pd. Further, using the kriging 
method, digital models were created. 

As a result of distribution of rocks in the experimental block of the massif prepared for 
explosion destruction simulation, it was established that there is a section of very difficult 
rocks with high strength (Fig. 5). 

 
Fig. 5. Three-dimensional model direction on the difficulty of drilling index Pd: 1- section of very 
difficult rocks with high strength. 

After carrying out of blasting operations in the field of prospective finding of a site of 
rocks with the high durability there was an undestroyed site of the diorite block (fig. 6). The 
Institute of Mining of the Ural Branch of the Russian Academy of Sciences has developed a 
procedure [13] for determining the specific explosive consumption, taking into 
consideration the data of the simulation of the rock distribution by the difficulty of drilling 
index. The technique allows to adjust the charge column and the mass of explosives located 
in the well, in accordance with the forecast. Thus, as a result of a mass explosion, it is 
possible to improve the quality of crushing of the rock mass. 
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Fig. 6. Experimental site after explosion: 1-unprocessed area of diorite; 2- destroyed area of the local 
massif 

In general, studies have shown that in the rock massifs represented by the same type of 
rock, the difficulty of drilling index varied widely. The main factors determining a wide 
range of the indicator's change were heterogeneity, intermittency of the rock massif and the 
influence of the zones of technological disturbance. As a result of the analysis of the results 
of the experimental drilling in the quarries of OJSC "Uralasbest" it was also found that the 
SBS-250MNA-32 drilling rig for drilling one meter of a 18-meter-long well consumes an 
average of 134 kWh of electricity. Ancillary operations consume about 20 kWh of this 
amount. At the same time, the energy intensity of a blast hole drilling (according to the 
power of the rotor without taking into account the compressor's power consumption for 
blowing the well to take off the products of destruction) averages 1.4 kWh / m. 

5 Conclusions 
1. The technique of research of strength properties of local rock massifs in the process of 
drilling of blast holes is improved, based on measuring the parameters of the engine of the 
drilling rig. To implement the methodology, a special set of equipment was created.  

2. Approbation of the device on a roller-type drilling rig was carried out at quarries of 
an OJSC "Uralasbest" large mining enterprise. Based on the test results, a digital model has 
been developed that makes it possible to accelerate the process and improve the quality of 
studies on the strength properties of rocks of a local block prepared for explosive 
destruction. 

Studies carried out within the framework of the State order 007-00293-18-00, on subject 
No. 0405-2018-0015, No. 0405-2018-0001, project No.18-5-5-10, plus attraction of additional 
contractual means. 
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