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General characteristics of the current state of the theory of the effect of an explosion on the 

environment 

Controlling the explosion energy during short-delay explosion (SDE) of charges is impossible 

without a clear and precise understanding of the process of rock destruction during the explosion 

of a single charge. Therefore, it is necessary to critically review previously conducted studies on 

the effects of explosions, taking into account existing achievements in related fields of science, 

and on this basis, outline ways to further solve the problem of controlling the crushing of rocks 

with multi-row KZV charges. 

The mechanism of rock destruction by explosion has been studied by many Soviet and foreign 

scientists, who have developed a number of theoretical directions, which, based on the share of 

participation of detonation products and stress waves in the destruction process, can be divided 

into the following main groups. 

1. The destruction of rocks by explosion is caused by the piston action of detonation products. 

Representatives of this trend believe that the dynamic impact of explosion gases does not produce 

rock separation, but only reduces the resistance to destruction by static gas pressure. 

According to the basic principles of this direction, the destruction of rocks by explosion occurs 

from the charge to the free surface. The main work is performed by the piston action of the 

detonation products, which destroy the rock and impart translational motion to it. 

Since the direction under consideration does not take into account the properties of rocks and the 

action of stress waves that arise in the medium during the explosion of a charge, which is its main 

disadvantage, it is advisable to limit the scope of its application. This theory is more suitable for 

the destruction of weak rocks, which have a high absorption capacity of stress wave energy, 

resulting in insignificant destruction under their influence. With increasing rock strength, the share 

of stress wave energy in the destruction process increases due to a decrease in the absorbing 

properties of rocks. Therefore, the hypothesis put forward is acceptable only for a certain type of 

rock that needs to be determined. 

2. As experimental data accumulated, a theory of explosion action was developed, according to 

which the destruction of rocks is caused by the action of stress waves. 

A number of researchers believe that the destruction of any rock occurs due to the action of a 

reflected wave. This point of view indicates that the role of the reflected stress wave in the 

destruction process increases with increasing rock strength. 

There are arguments in favor of the incident wave as the main factor destroying the array. Others 

believe that in industrial conditions reflected waves do not play a decisive role in the process of 

rock destruction. 
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It should be noted that the hypotheses put forward about the mechanism of destruction of rocks by 

the action of stress waves are mainly based on the results of experimental studies obtained in 

laboratory conditions. Due to the fact that the physical and mechanical properties of models and 

rock masses, as well as the conditions for conducting experimental studies in laboratory and 

industrial conditions, differ significantly, the hypothesis put forward is not always confirmed by 

data from industrial experiments. In addition , there is no data on the nature of the formation and 

propagation of stress waves when blasting borehole charges in production conditions, without 

which it is impossible to make final conclusions about the role of stress waves in the process of 

destruction of various rocks. 

The formation and propagation of stress waves, in addition to the physical and mechanical 

properties of rocks, is predetermined by the form of the applied explosive load. These factors have 

not yet been sufficiently studied, and therefore it is not possible to judge on a scientific basis with 

full right the role of stress waves in the destruction process. Although it can be assumed that with 

a decrease in the absorbing properties of rocks, the share of stress wave energy in the destruction 

process increases. 

3. The destruction of rocks by explosion is caused by the combined action of stress waves and 

pressure of detonation products. Representatives of this direction, N.V. Melnikov, F.A. Baum, 

L.I. Baron, V.N.  Rodionov et al. , based on the results of modern means of experimental study 

of the processes of rock destruction by explosion, came to the conclusion that the destruction 

of rocks is associated both with the action of stress waves and with the pressure of explosion 

gases. 

However, the role of these factors in the destruction process depends on the shape of the explosive 

pulse and the physical and mechanical properties of the rocks, and until now it has not been fully 

clarified, which is holding back the development and creation of new methods for controlling the 

explosion energy with multi-row SCB charges. 

Due to the lack of consensus on the causes of destruction, difficulties arise as to what factors should 

be strengthened to increase the efficiency of rock destruction during CVD charges. 

There are a number of theoretical and experimental studies that explain the improvement in rock 

crushing during KZV. At the same time, the consideration of the mechanism of rock destruction 

during CVD is not carried out in isolation from the theory of explosion of a single charge, but from 

the standpoint of the above-mentioned general directions in the theory of explosion. As a result of 

the theoretical analysis lagging behind production requests, there were cases when the QZV did 

not give the required result. In most cases, this is explained by the fact that the slowdown interval 

and well pattern were chosen incorrectly. In the case of CVD charges, there is an overlap of 

processes occurring in the rock at the time of the explosion and their interaction at different stages 

of development, which depends on the magnitude of the deceleration interval. Depending on the 

magnitude of the deceleration, the nature of the interaction and, as a consequence, the results of 

the explosion will change. 

The study of these dependencies represents the basis on which methods for controlling the 

explosion energy during SCR should be developed. This will make it possible to actively intervene 

in the process of rock destruction by explosion and control it to obtain the desired results. 

among domestic and foreign researchers about the process of rock destruction during CVD. The 

prevailing ideas, depending on the use of factors that determine the process of destruction of rocks 

during CVD, can be reduced mainly to the following: the interaction of processes occurring before 

the destruction of the massif and after the destruction. 

1. Interaction of incident stress waves and quasi-static stress state. To use these factors, the 

deceleration interval must be less than the time of formation of an additional free surface. Until 

the formation of a free surface or cracks, the massif remains in a complex state of stress. This 

condition is caused by the action of dynamic and quasi-static stresses. Dynamic stresses arise 
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as a result of the propagation of stress waves, and quasi-static stresses arise as a result of the 

piston action of detonation products. By changing the deceleration interval within certain 

limits, you can enhance the effect of one or another factor. As a result, the explosion will have 

a different effect on the environment. 

It should be noted that at small deceleration intervals commensurate with the action of the positive 

phase of the wave, interaction of stress waves is observed, resulting in an increase in maximum 

stresses and an increase in the duration of action of the incident wave, which leads to an 

improvement in the quality of rock crushing, due to an increase in the energy flux density of the 

resulting pulse propagating wave. 

The representative of this direction G.P. Pokrovsky [ 89] believes that during short-circuit 

explosion there is an interaction of stress waves from the explosion of neighboring charges, due to 

which in certain places of the massif an increase in the stressed state and, accordingly, an 

improvement in crushing is observed. The deceleration interval is calculated using the formula 

 

where a is the distance between wells; 

W – LNS value; 

Wed is the speed of wave propagation and for borehole charges it is 5-10 ms. 

F.I. Galadzhiy and I.V. Bobrov [ 27], studying the process of destruction during short-circuit 

explosion, found that when charges explode with a millisecond delay, interference of stress waves 

occurs. The authors propose that in order to maximize the use of explosion energy for crushing the 

medium, subsequent charges should be detonated after a period of time during which rock 

vibrations caused by the previous explosion could intensify. The deceleration interval proposed by 

the authors is 3 -5 ms. 

E.G. Baranov and Kota [ 7, 5], studying the interaction of stress waves during short-circuit 

explosions, determined the condition for their maximum interaction at various distances from the 

exploding charges. However, the authors do not indicate in which breeds it is advisable to use this 

method. 

ON THE. Evstropov [ 40, 41] proposes to calculate deceleration intervals based on the theory of 

vibration destruction, using the formula 

 

The deceleration interval he recommends is in the range of 3-7 ms. 

As the deceleration interval increases, the share of the energy of the quasi-static component of the 

wave increases, and the energy from the interaction of the dynamic components decreases. So, 

N.L. Rosinsky [98] believes that when the deceleration interval exceeds the time of action of the 

positive phase of the wave, interference of voltage waves is not observed and the charges act as 

independent. However, the author does not take into account that after the passage of the wave 

until the moment of crack formation, a quasi-static stress state exists in a given area, caused by the 

static action of detonation products. Therefore, when charges explode with deceleration intervals 

greater than the time of action of the positive phase of the wave and less than the time of arrival 

of the destruction front in a given area, the voltage wave from the explosion of the subsequent 

charge will propagate in a quasi-statically stressed mass. 
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G.P. Demidyuk, E.G.  Baranov, U.  Langefors and White [31, 7, 61, 106] believe that in the case 

of SCV, the stressed state of the destroyed, but not yet separated, medium in the area of action of 

the first row is also used. S.H. Johanson and U. Langefors [ 61], based on practical experience, 

recommend determining the deceleration interval using the formula 

 

where K =3.3÷6.6 is an empirical coefficient, the value of which decreases with increasing rock 

strength. 

The magnitude of the deceleration interval , determined by the formulas of these authors, is within 

20-30 ms when blasting borehole charges. 

Our numerical comparisons of the time of action of the positive phase of stress waves and the 

deceleration intervals used in practice show that, given the drilling and blasting parameters existing 

in quarries, the time of action of the positive phase is less than or equal to the applied deceleration 

intervals, i.e. interaction of stress waves or the use of a quasi-static stress state is possible . 

However, to determine the conditions that ensure the maximum possible interaction of stress wave 

energy, it is necessary to carry out further studies of the parameters of stress waves in industrial 

conditions. At the same time , it is necessary to determine the area of effective use of these factors 

during CZV, depending on the properties of rocks and charge parameters. 

2. The action of reflected waves from an additional free surface and the impact of a moving rock 

mass. Usage of these factors is possible at deceleration intervals exceeding the time of 

formation of an additional free surface. 

According to this direction, an improvement in the quality of rock mass crushing during KZV 

charges is achieved due to the formation of additional free surfaces during the explosion of 

previous charges and due to additional crushing by the collision of moving rock masses. 

When the subsequent charge explodes during a short-circuit explosion, the stress wave, reaching 

the newly formed free surface, is reflected from it, transforming into a tension wave. The reflected 

wave , interfering with the direct wave, contributes to the destruction of the massif. 

Representatives of this direction A.N. Khanukaev, M.F. Drukovany, F.I. Kucheryavyi, Yu.V. 

Gaek, N.G. Petrov et al. [ 118, 58 , 39, 83, 84] believe that the most effective scheme is the alternate 

explosion of charges at a deceleration interval that would correspond to the formation of new 

additional exposed surfaces. They consider the impact of a moving mass of rocks as an additional 

crushing factor. It should be noted that the efficiency of the reflected wave would increase if a 

more powerful incident wave were reflected from the free surface. This can be achieved by 

choosing a deceleration interval based on the condition of maximum interaction of stress waves 

incident on the free surface. 

To determine the deceleration interval A.N. Khanukaev [118] offers an analytical expression 

 

where t 1 is the time it takes for the voltage wave to travel from the charging chamber to the free 

surface and back; 

t 2 – time of development of cracks from the exposed surface to the charging chamber; 

t 3 – time of rock movement at a distance of 0.8-1.0 cm from the pillar. A similar formula for 

determining the deceleration interval is proposed by F.I. Curly and M.F. Drukovany [58]. 

The formula under consideration is not sufficiently theoretically and experimentally substantiated. 

This especially applies to determining and justifying the time of movement of rock over a specified 

distance. 
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Ultimately, the authors recommend a deceleration interval for borehole charges of 20-30 ms, and 

for blasthole charges - 15 ms. N.G. Petrov proposes to determine the deceleration interval based 

on the condition of the formation of an additional free surface, according to the formula [84] 

 

The formula was established empirically when blasting blasthole charges under certain conditions 

and therefore has a limited scope of application. 

N.L. Rosinsky, G.M.  Kitach, N.  Taichman, Hancock [98, 16, 131] and others believe that the 

improvement in the quality of crushing during KZV is achieved mainly due to the collision of 

moving rock masses. 

N.L. Rosinsky [ 98] believes that at the moment of explosion of the charges of the second stage, 

the mass of rock from the action of the explosion of the first stage is in a state of movement at 

some distance from the newly formed outcrop surfaces. Due to the explosion of the first-stage 

charges, a large number of cracks are formed in the array, which act as additional free surfaces. In 

this case, the rock mass acquires translational motion and is subjected to the action of an explosion 

of charges of subsequent decelerations. Thus, the interaction of rock masses occurs , which allows 

for additional crushing and makes it possible to control the movement and displacement of the 

blasted mass. 

G.M. Kitach [ 47] argued that the impact of the blasted rock masses should occur at the moment 

of the presence of maximum internal stress in the rock, resulting from the passage of stress waves 

from the previous explosion. English researchers Teichman and Hancock [131] believe that the 

collision of rock occurs when it moves in the opposite direction at the expanding end of the ejecta. 

The collision of pieces in flight causes their additional crushing . In this case, the deceleration 

interval is selected taking into account the collision of the maximum number of pieces of blasted 

rock mass at their highest speeds. 

It should be noted that the effect of the collision of moving masses in the current period of 

development of the KZV is considered as a non-main factor, but an additional factor contributing 

to the crushing of rocks. 

Based on the analysis , we can conclude that none of the areas discussed above separately can fully 

explain the physical essence of increasing the efficiency of using explosion energy during short-

circuit explosive charges. This is explained by the transience and complexity of processes over 

time. In addition, the hypotheses put forward are not able to provide a complete physical 

justification for the picture of the interaction of stress waves during short circuits, and, therefore, 

it is not surprising that the resulting formulas for determining rational deceleration intervals, in 

order to use the same factor, do not always give the same values and often differ significantly. 

The scope of application of the developed methods for increasing the efficiency of using explosion 

energy to fragment the environment, depending on the properties of rocks and the parameters of 

the initial impulse, has not been sufficiently studied. 

Not all proposed formulas for determining the deceleration interval take into account the charge 

parameters, and the influence of explosion schemes on the deceleration interval is not considered 

at all. 

Considering that the nature of the propagation of stress waves and the process of destruction of 

rocks by explosion depend on the physical and mechanical properties of rocks and the shape of the 

initial pulse, the parameters of the charge and its distance from the free surface, it can be assumed 

that the effectiveness of using factors that cause an increase in crushing depending on the 

deceleration interval , will determine the quality of crushing. 
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Using modern advances in the field of recording fast processes, at the present time it seems 

possible to record the process of development of stress fields and the destruction of media by 

explosion. This will make it possible to more fully reveal the mechanism of rock destruction by 

explosion and, on this basis, improve existing and develop new effective methods for controlling 

explosion energy. 

As a conclusion , it should be noted that, despite the inconsistency of theoretical views, the range 

of knowledge of the physical foundations of rock destruction by explosion has expanded 

significantly. Soviet scientists made a particularly large contribution to the development of the 

theory of rock destruction by explosion. However, it is necessary to persistently conduct further 

research into the nature of rock destruction by explosion during single explosion of charges and 

short-circuit explosion of a series of charges, to study the patterns of propagation and interaction 

of stress waves, to study the influence of charge parameters on the final results of the explosion, 

to study the change in the stressed state of the medium over time and with distance, as well as the 

laws of development of the destruction process. 

Knowledge of these laws and their comprehensive application in appropriate combination will 

allow us to outline ways to solve a large and important problem - obtaining a rock mass of a given 

lumpiness during explosive breaking. 
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