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Abstract. The analysis of blasting works production shows the necessity of quality preparation
improvement of rock mass for the subsequent processing. Blast operations make up 20% to
30% of the general and end products cost. The crushing of mined rock strongly depends on an
action of an explosion wave direction. The investigation results of the wave field strain at ex-
plosion of the system of borehole charges have been presented in this paper. The model and
method of calculation of the wave field strain have been provided. The influence of an interval
delay between a borehole set and the ignition direction on wave tension has been established.
Results of the pilot tests scheme of ignition for the pit of the construction materials
"Prudyansky" located in Leningrad region of Russia have been demonstrated.

1. Introduction

Modern production technologies of drilling-and-blasting operations at pits provide the breaking of
rocks mainly with borehole charges. Nowadays the short delay blast method (SDBM) is widely ap-
plied to blasting of borehole charges [9].

The SDBM is one the most effective progressive methods of the drilling-and-blasting operation.
There are a number of the hypotheses explaining its nature. However, despite broad application of
SDBM there are no still current views on physical essence of the SDBM process [2, 4]. Now there are
empirical formulas of calculation which are usually specified experimentally.

Now the investigation of the influence of the delay intervals on the parameters of waves strain is an
urgent task in the scientific and practical terms [10, 11].

2. Materialsand methods

Comparative analysis and reviewing the domestic [3, 5, 6] and foreign [7, 12] research in the field of

blasting, the integrated use of theoretical and experimental methods in laboratory and production con-
ditions, the application of numerical simulation on a computer of wave strain on a rock mass by a sys-
tem of explosive charges have been provided.

For the calculation of the main strain, a special program based on Pascal language program was
developed. It takes into account the location of the ignition points, the ignition sequence, the delay
interval between the charges, an unlimited number of wells, various explosives, and charge structures
in different points in the plane. To visualize the results of calculating the field stress, the MathCad
program was also used.
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3. Scheme and model calculation of the wavefield stress

To calculate the parameters of the wave strain, the physical modethich was developed by tl
authors has been applied [1, 8alculations were carried owr the conditions of thbuilding materi-
als quarry'Prudyansky", located in the Leningrad region ob&a The rocks are characterized by
following physical and mechanical properties: dgnép = 2.74 kg / i), the propagation velocity
longitudinal (G =5 km/ s) and transverse waveis = 3.5 km/ s).

The lorehole charge is divided into a number of conegetr elementary chargesit is shown in
Fig.1 andinitiated sequentially through time interviAt. The value ofAt is the propagation time «
the detonation wave from the center of the detonakeghentary chargeo the center of the next or
It should be assumetiat the elementary charges are equal to each, atieough another partition
possible.

The shape of theoncentrated elementarharge is assumed to be spherical, since at presath
in the theoretical and in the experimental plam s$tress field caused by the blasting of sphe
charges is the most investigatddhe mass of a spherical elementary charge isressto beequal to
the mass of the corresponding cylindrical chardee Wav: straincreated by each concentratee-
mentary charge is conventionally taken as a shavewwhich includes the compression phase an
rarefaction phase, and is damf and changingn shape as the distance from the center of theo-
sion increases.

The strairfield at some point A (R, 0, Z) is determined bynsuing the stress waves generate(
each concentrated elementary charge, taking irouat the arrival time of thewwaves §;, the angles

& formed by the radius 1o theobservation point A (Figure 1), and the totave: forms and shapes.

We take the height of the elementary charge equéile diameter of the charge in the borehol
smaller breakdown of the borehole charge into efgarg charges is of no great importance, bec
first of all, we are not interested in tshape of the ave front, but in the field of the mainain.
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Figure 1. Scheme of calculation of strain fielboy means of tr
borehole charge blz



IPDME 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 87 (2017) 052003 doi:10.1088/1755-1315/87/5/052003

In this case, théormulas for calculating the components of theltsirain wave at the observatic
point are:

o,(rt)= Zn:[axi (r,zt)cos’ 8 +0,(r,zt)sin’ 4 ];
o, )= 0, (.2t)
o,(rt)= Zn: :in (r,,zt)sin? 8 +o,(r,zt)cos 6 ];
@
o, ()= o,(r, . y.t)cosa, +a,(r,, y.t)sin?a, |
i=1
Uy(r,t):zn::axj (r.y.t)sina; +o, (rj y,t)cog aj];
i=1
o,(rt)=>0,(r21)
@

Figure 2 shows the model adopted to calculate timge field from the explosion of boreht
charges system, taking into account the delayvatemd the ignition directio
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Figure 2.The model for calculating the stress field frthe systen
of borehole charges, taking into account the datégrval and the
specified direction of ignitiol

The developed prograrallows varying the following blasting operationmrameters: boreho
depth, borehole diameter, stemming lendgnition points, delg intervals, observation poit and
explosives type.
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4, Results

Figures 3 and 4 show graphically the numericaludatons of the wave field strain in the explosion
of borehole charges:
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Figure 3. The wave field strain in the explosion of borehcharges
without slowing down (simultaneously).
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Figure 4. The wave field strairin the explosion of borehole charg-
esatt=2ms.
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5. Conclusion

Thus, the theoretical results obtained in the datimn of the wave field strain during the blastiofy
borehole charges show that control of the wavénsprarameters can be achieved by changing the de-
lay intervals between charges in the row and beatvlee rows.

The direction of the wave factor of the explosierdetermined by the ignition scheme, which al-
lows us to justify its choice for the specific cdiwhs of the blast block. In the production ofliing
and blasting operations, the following ignition sofes are used: row order, cutting, trapezoidag-dia
onal, diagonal-cutting schemes, and etc.

The above theoretical studies were tested durimg pfoduction of mass explosions at the
"Prudyanskiy" quarry of building materials. Theuks of the experimental explosions show that, for
the "Prudyansky" quarfythe most optimal blasting is the diagonal schentle avdelay interval of 25
ms, which ensures the qualitative crushing of tok mass.
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