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Abstract. The article covers the problem of determination of loads of blast 
wave on aboveground and underground structures. In industrial production, 
the chemical sources of explosion occur, for which the environment is air. 
The most common and typical source of explosion is solid products of the 
explosion (PE) in the form of a packed charge. In a chemical explosion, 
highly compressed and heated gaseous products of the explosion (PE) are 
formed in the volume of the charge. The main parameters of the shock wave 
that determine its effect on the structure, i.e., excess pressure on the wave 
front, time of the wave's action𝜏, and the impulse of the wave have been 
determined according to the empirical formulas obtained by experiment for 
each explosion source. Therefore, in this work, the formulas for determining 
the incident wave in large-scale experimental studies are presented. It has 
been found that loads on the structure of barriers of buildings are increase 
significantly as a result of secondary returning waves superimposing the first 
incident wave. 

1 Introduction 

Stresses and deformations occur in the environment of earth during the propagation of the 
waves caused by the explosion, which can negatively affect the strength of protective 
structures. In a number of cases, especially during strong earthquakes, visible cracks appear 
in the surface layer of the earth's crust [1-3]. They can be hundreds of kilometers long, several 
meters wide, and tens meters or even more deep. As a result, there is a sharp change in the 
topography of large areas, i.e., rising or falling and horizontal shifts reaching significant 
values. Such deformations of the earth, as a result of tectonic movements in the upper layers 
of the earth's crust, cause local earthquakes without a great depth. When studying the 
consequences of destructive earthquakes, especially in cases where the soil is covered with 
vegetation, the residual seismic deformations of the earth are not always detected. In such 
conditions, it is appropriate to study the deformations of underground pipes, which record 
the elastic seismic deformations of indirect roads, i.e., soil, highway and urban road 
pavements, as well as often not only residual, but also subgrade soils. 
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It should be noted that under sufficiently strong earthquakes, aboveground structures 
undergo residual deformations, and the foundations of structures located in relatively sparse 
soils can have very large values. The nature and degree of soil deformation, in addition to the 
intensity of the earthquake, largely depends on the geological conditions of the area. 

Considering the obtained results, we can see that the calculations show that the largest 
seismic stresses in the soil environment occur during wave propagation in grooves that cause 
soil subsidence. If we use the law of movement of soil recommended by Yu.P. Nazarov, from 
the correlation we can determine deformations of the following form. 

In the shortest and most general form, an explosion can be described as an extremely 
rapid release of energy from the source of the explosion, which occurs along with the 
propagation of a shock wave into the environment [4]. Sources of explosion can be chemical 
(explosive substances and gas mixtures), nuclear, electrical (lightning), mechanical (impact 
of a solid object). Chemical sources of explosion occur in industrial production, for which 
the environment is air. The most common and typical source of explosion is solid products 
of the explosion (PE) in the form of a packed charge. In a chemical explosion, highly 
compressed and heated gaseous products of the explosion (PE) are formed in the volume of 
the charge, which expand rapidly, compressing the air surrounding them and forming a 
spherical air shock wave moving at a speed greater than the speed of sound. Behind the wave 
front, the pressure decreases in the spheric layer of air, i.e., the compression phase, and then 
the pressure goes to the rarefaction phase, where the pressure is less than the atmospheric 
pressure. 

After the front of the shock wave, the air flow moves with great speed, during the 
rarefaction phase, this flow moves in the opposite direction, towards the center of the 
explosion. As the energy of the shock wave is transferred only to the expanding products of 
the explosion, as the pressure propagates along the wave front, it decreases much faster and 
the shock wave becomes a sound wave [5-7].  

2 Materials and methods 

Physical parameters of the shock wave, i.e., the speed of the front – D, the speed of the air 
flow from the rear of the front – Uf and the open pressure of the atmosphere at the front Rf, 
and the waves are connected by the following ratios: 
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where Р𝑎 is atmospheric pressure, MPa; M = D/G is Max number; 
=СР/С (for air =1,4); Со=340 340 m/s is the speed of sound in air under normal 

conditions.   Substituting (2) into (1), we get the following formulas 
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The length  of the compression phase of a shock wave in space can be determined from 
the approximate condition: the rear boundary of the wave (at the point of transition to the 
rarefaction zone) propagates with the speed of sound C0 [3] or, more precisely, with the 
average speed: 

                    =
஽ା஼బ
ଶ

𝜏,                                                        (4) 

where  is the duration of the compression phase (time of action). 
The main parameters of the shock wave, which determine its effect on the structure, i.e., 

excess pressure on the wave front, the time of the wave action𝜏 and the impulse of the wave, 
are determined according to the empirical formulas obtained by experiment for each 
explosion source [9] 
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The law of geometric similarity is observed in the detonation of different mass charges 

from the same explosive material. According to this, the function describing the dependence 
of pressure Rf on the energy and distance of the explosion source should have an argument 
of the ratio rз /R, but if the charge mass is С ~ r ଷ

ଷ, then it can be written as follows [10] 
𝑃௙ ൌ 𝑓ଵ൫ඥ𝐶/𝑅

య ൯                                                   (6) 
A more general law of energetic similarity is appropriate for charges of various explosives 

[11] 
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where E is the energy of the blast wave. 

3 Problem statement and results 

This consists in increasing the accuracy and optimization of the relations representing the 
explosion process. The practical significance of the task is as follows. Due to the fact that 
many areas of the earth, including our country, are in a seismically active zone, the design of 
underground structures creates some difficulties. Of course, it is very important to assess the 
earthquakes that may occur there, to study the characteristics of the ground located there. 
From a large number of experiments, it follows that the law of pressure drop behind the wave 
front, i.e., the compression phase, in addition to the considered basic parameters of the shock 
wave, is used in the calculation of constructions. With sufficient accuracy for practical 
purposes, this law can be approximated by a function of the following form: 
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In order to simplify calculations, expression (8) is usually replaced by a linear function 
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The value of the effective movement time Э in (9) is determined from the condition for 
determining the wave pulse: 
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Fig. 1. Pressure at the air shock wave. 
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When the shock wave meets an obstacle, it rebounds, and the wave that returns to the 
incident wave begins to propagate. In this case, the pressure exerted on the barrier is more 
than doubled, because the extremely high pressure of the compressed air in the wave creates 
additional speed pressure from behind the front. Accordingly, the pressure Рот applied to the 
barrier can be imagined as the sum of two expressions for the shock wave's return from it 
[12]. The return character of the shock wave at different points of the flat barrier depends on 
the angle of incidence  of the wave (Figure 1 and 2). Shock waves are also generated when 
explosive charges such as TNT, ammonite and many others explode in the surrounding air 
[13]. The above-mentioned formulas are taken as standard, with which the explosions of 
other explosives should be compared, for charges from bulk or pressed TNT with a density 
of y=1.5 1.6 g/cm3, obtained experimentally. The excess pressure at the wave front is 
defined as follows 

P  = 0.084х + 0.27х2  + 0.7х3,                                       (12) 
where 𝑥 ൌ ඥ𝑐/𝑅య ; C is explosive charge mass, kg; R is distance, m. The impact time 𝜏 of the 
shock wave is determined by the following formula: 

𝜏 ൌ 𝐾√𝑐
ల √𝑅଴, 

and it is the value of the coefficient K that is taken in the interval 62 x<1, and when К=1, 0.1 
 х  0.6, then K=1.2 is accepted. 

 

Fig. 2. Calculated pressures in the shock wave. 

The relative impulse value i (НС/ m2) (12) is determined by the formula i=A√𝐶ଶ
య /𝑅Loads 

on the structure of barriers of buildings can be greatly increased by secondary returning 
waves superimposing the first incident wave. In order to determine the blast load acting on 
the protective structure, the following formula is proposed: P(t) = Ppit (t) + Pref (t) or         

𝑃ሺ𝑡ሻൌPpit ൅∑ 𝑃ref
ሺКሻሺ𝑡ሻே

௞ୀଵ                                                   (13) 
where N is the number of returned waves. 

Similarly, the following formula can be proposed for the explosion contained in the 
chamber 
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Considering the returning waves (in the calculations, n=1,2,3), the formula (14) for 
determining the internal explosion pressure can be written in the following form 
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or                                   𝑃ሺ𝑡ሻ ൌ ∑ே
௞ୀଵ ሺ𝑎௄ ൅ 𝐵௞𝑖௄ሻ𝑥௄.                                            (16) 
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In particular, from (14) follows formula (12) proposed in [14, 15]  

 

Fig. 3. Reflection of an air shock wave from a flat surface. 

The description of the scene of propagation of shock waves in a limited space becomes 
more complicated when there is an explosion in a closed volume. In the relatively small 
dimensions of the structures, comparable to shock waves, the secondary waves returned from 
the adjacent wave wall are “laid down” (added) to the primary wave, which can lead to a 
serious increase in the load (Figure 3). 

4 Conclusion  

In conclusion, due to the return of two or three shock waves, the phenomenon of excess 
stresses and deformation occurs in the corners of quadrangular structures. This happens when 
the internal waves “crack up”, causing secondary effects. As the theoretical study of 
phenomena similar to the interaction of shock waves in a limited volume is very complicated 
and insufficient in the practice of calculations, theoretical calculation formulas have been 
recommended. Therefore, in this work we do not use approximate models for theoretical 
calculations. 
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