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The main requirements for the stemming material are: ensuring high blast efficiency, ease of
handling and the possibility of mechanizing stemming operations, as well as low cost of blasting.
According to the physical and mechanical properties and the nature of the resistance to the
outflow of gaseous detonation products from wells in the study of the use of stemming.

Well-filling with an inert material helps to increase the duration of action on the walls of the
charging chamber of the pressure of the explosion products and the transfer of explosive energy
into the rock mass. From a physical point of view, stemming is the main obstacle to the energy
of an explosion due to a change in the time of transfer of energy from the detonation products to
the rock mass.

If the outflow passes in a medium of a given density, then a shock wave of variable amplitude
arises in front of the front of detonation products, as a result of which the entropy at its front will
continuously change, and in order to obtain a complete solution of the problem, it is necessary to
proceed from three equations of gas dynamics (Fig. 1) .
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Based on the calculated data obtained using the above numerical method and processed by the
least squares method, the type of dependence of the excess pressure amplitude on the shock
wave front on the distance r traveled by it at r>Lo for various explosive gas mixtures was
determined (Fig. 2).
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where x — roLo ™, m/kJ; ¢ = 1.1 10 " Qw ™, 1/kJ; r is the distance from the end of the detonation
section of size Lo to the front of the shock wave, m; Qv - the value of the thermal effect of
explosives, kJ .

Fig. 2. Distribution of the gas mass velocity
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ry is the current value of the Euler coordinate; At — At = t' - £ " corresponding to t' time layer,

m s ; Ar; — AU=U; -Uq , coordinate increment for the gap, m; pQ;- the average value of the

density of the gas mixture enclosed between the bottom of the wells and the cross section with
the coordinate r1, kg/m®; M - the specific gravity of this amount of gas, kg/m?.

ae - introduced into consideration , which is determined through the ratio of pressures in the
cross section:

j-1
ae=——, (ae>1), 3

o (3e>1) ©
From numerical calculation and experimental data, the values of AP, AU, At, r + Ar are
determined for various values. Based on the results of the calculation, the dependence of the
dimensionless parameter x on the dimensionless time parameter t - constructed , which are
determined from the relationships:

j
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where L - the length of the well model, m; C(t) is the average speed of sound in the volume
occupied by the PD at time t!, m/s; x is the value of the parameter X at M=1. P - were considered
only in the region of supersonic flow, Pa.
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Using the least squares methods, according to the calculated data, the dependence x (ae) was
obtained in the form:

15,81vae — 0,996

Xy = 5)
1,65ae + 5,45 .
Taking into account (4) and (5), formula (6) will take the following form:
B 3-(1-cae)L
(At (5/3—ae)+ae—3]c ™ ©

In order to obtain the form of the dependence of the excess pressure in the product detonation
flow AP on the remaining flow parameters, it is necessary to substitute the values of the
dimensionless parameters determined by formulas (5), (6), (7) into (8); after substitution
obtained with ae >1.25:

1
AP = E[(l, Tx.—x-ae+ae=0,7) o (L +Ar)AU[] pa ()

After that, new values of pressure AP and the duration of the process of pressure change in terms
of the value P=P |, /ae are introduced into consideration. The symbol P denotes the average

pressure value in the time interval At, determined by the formula P= P.-(1+cae), where Py, -
the maximum overpressure in product detonation (PD) Pa.

According to the law of conservation of momentum, we can write:
(P_-P 0)At* =[P n(1+05a)-Po]lat=4r,U 1p 101(ae), Pa/ms, (8)
AU, p,
,» MS,
P_(1+0,5ce)—P,

On fig. 3 and 4 shows the dependence of the change in the increment of the expiration time At on
the current value of t for various ae=1.1; 1.2; 1.3 and 1.4. based on this graphical dependence,

At =a(ae)-

where,

the value was determined M=N/N__ (where nma is the maximum number of partitions of a

practically important pressure interval, n takes the ordinal values 1, 2, 3, nma) and the
relationship of dimensionless parameters A#/A#; and n fig.5 At/At; (n) for different values of ae
have different slope coefficients zga; the relationship between the latter is shown in fig. 6.
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Fig. 3. Dependence At from ag; Fig. 4. Dependence Atfrom t

15 A journal of the AMERICAN Journal of Engineering, Mechanics and Architecture www. grnjournal.us



16 A journal of the AMERICAN Journal of Engineering, Mechanics and Architecture

tg( o )=0.028 o e( o e-1) 2, (9)

After mathematical processing of the results, the regularity of change in dimensionless quantities
At/t 1 was determined, depending on ae (Fig. 5):

ﬁ_ttl — 41 7(ae 1) +8,3-(k—1), (10)
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Thus, by substituting the parameters calculated by formulas (9) and (10) into (8), and then into
(7), the general dependence of the time of the expiration of PD from the well during the
explosion of an elongated explosive charge in it on the dimensionless parameters ae is
determined , n and the propagation time of the DW over the charge t o =L/D which takes the
following form:

At=t,<1,7a-en| 1+ 0.2 +33,360e” —60,08ce + 26,72 +ﬂ,ms, 11
° ae-1 c (11)

Pressure generated by the explosion of the well charge P, = Pae™, Pa, then the duration of the
impact of the explosion products on the rock mass is determined from the following expression

where n is the distance from the wellhead to the section under study, nmax=3 and ae=1.33.

According to the method of prof. Sh.Sh.Zairova, the radius of the crushing zone of a rock mass
during the explosion of cylindrical explosive charges is determined by the following formula :

R, 4/7BBQ

A
R S kmym’ 12
0,476a/v (12)

where go i the charge radius, m; v explosives IS the density of explosives, kg/m % Q is the mass of
the explosive, kg; A is the density of rocks in their natural state, kg/m3 ; v is the critical speed of
rock particles at a distance of radius R , m/s ; k; - coefficient taking into account the presence of
hydrohelium stemming .

The obtained dependences (11), (12) with sufficient accuracy for practice within 10% of the
relative error allow us to determine the dynamics of the outflow of detonation products from
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wells and, which is confirmed by comparison with numerical simulation data and experimental
results of the study on the well model in Fig. 7.
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L3 30 45 6D 75 tac aypression, depends on the radius of the cylindrical

charge and the mass of the explosive. Based on
this method, an experimental explosion was carried out and the effect of a single cylindrical
charge with various types of stemming was determined (Fig. 8 ).

1 - metal; 2 - sand; 3 - hydrogel

g -+ .. ... Fig. 8. Dependence of pressure in the well

o model on the time of detonation products
outflow after stemming from different
materials.

The results of the explosion of single cylindrical
charges, the radii of the crushing zones and the
dimensions of the funnel were determined on the
basis of mine survey measurements.
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Conclusions:

As a result of the research, the following conclusions were made, which have theoretical and
practical significance:

1. Based on the study of the classical scheme of the explosion action and the provisions of the
kinetic theory, a mathematical model has been developed that allows you to establish a crush
zone, the value of which varies in direct proportion to the radius of the charge, energy indicators
of industrial explosives and inversely proportional to the critical velocity of expansion of rock
particles.

2. It has been established that the radius of the crushing zone during the explosive destruction of
a rock mass is directly proportional to the radius of the explosive charge, the quality of the
stemming material, the velocity of propagation of longitudinal stress waves, the density of the
blasted rocks and is inversely proportional to the compressive strength of the rocks.

3. The static effect of the theory of elasticity on the interaction of the borehole contour with a
stationary wave front makes it possible to determine the deformations occurring in the contour of the
explosion chamber. It has been established that tensile stresses perpendicular to the axis of the
explosion chamber and acting on the borehole walls increase from the tensile strength of rocks.
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