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Purpose. The purpose of these studies is to determine effective parameters blast-
ing by presplitting method of borehole charges. Methodology. To solve research
tasks, a comprehensive research methodology has been applied that consists of the
analysis and generalization of previous scientific studies on the implementation of
blasting by presplitting method, theoretical studies on achieving effective conditions
for interaction of pre-split borehole charges, as well as tests of developed designs of
pre-split charges in industrial conditions. The analysis of contour blasting methods and
calculation of contour blasting parameters shows that, for effective destruction of rock
masses, it is necessary to create conditions, in which directional blasting energy flows
will be formed in the rock mass due to the total shock wave impulse. Results. Based
on results of the studies, the dependence of the average linear mass of the explosive
charge on the distance between boreholes that ensures the development of a directed
network of fractures between pre-split charges upon their blasting has been obtained.
It is established that each type of the design of the pre-split borehole charge that is
characterized by the averaged linear mass corresponds to the optimal distance between
pre-split boreholes. It is shown that the most optimal distance between the pre-split
borehole charges the ensures the development of a fracture network for various rocks
varies from 1,5 m for quartz-mica slate to 4,2 m for weathered ferruginous quartz. In
this case, the explosive charge should be 100 mm in diameter. Originality. Proceeding
from, the subject of these studies is established technological parameters of blasting by
presplitting method that ensure formation of energy flows of the borehole charge blast-
ing to obtain design bank slopes. Practical value. A design for a network borehole
charge, which implies that an explosive is placed uniformly in a polymer shell along
its length and held in a vertical position along the borehole axis. The proposed tech-
nology for the formation of pre-split charges of explosives has been successfully tested
in industrial conditions. References 10, tables 0, figures 4.
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Hapeneno mocnimkeHHs, CIpsIMOBaHI Ha pO3pOOKY METOAIB yIpaBJIiHHS Mpolie-
COM pyiHYBaHHS T1pCHKUX MOPIJ MPU KOHTYPHOMY MiJpPUBaHHI, OCKIIBKHU MPHU MPOBE-
JICHHI TaKUX poOIT B CKEJIbHUX MAacHMBaX BHUHUKAIOTh MPOOJIEMH, MOB's13aH1 3 BHOOpPOM
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palioHaJbHUX MapaMeTpiB KOHTYPHOTO MiAPUBAHHA 1 OOIPYHTYBaHHSAM 3aCTOCYBaHHS
HalOIbII  edeKTHBHOTO crmoco0y #oro peam3aiii. /s BupimeHHS HayKOBO-
JOCIIITHUX 3aBJIaHb 3aCTOCOBAHO KOMILJIEKCHY METOOJIOTII0 JOCIKEHb, sIKa CKIaja-
€ThCA 3 aHATI3Y 1 y3arajJbHEHHS TMOINEpPeHIX HAYKOBUX JOCIIKCHB 3 IUTaHb peaisa-
11T KOHTYPHOI'O MiJIPUBAaHHS, TEOPETUYHUX JTOCHIIPKEHb MO JIOCATHEHHIO e(DEKTUBHUX
YMOB B3a€MO/I1i €HEPTeTUYHUX MTOTOKIB BUOYX1B KOHTYPHHUX CBEPJJIOBUHHUX 3aps/IiB,
a TaKOX EKCIEPUMEHTAJIbHUX BHUIPOOYBAHb PO3POOJICHUX KOHCTPYKIIM KOHTYPHHUX
3aps/liB B IPOMUCIOBUX YMOBaX. 3a pe3ysbTaTaMH MPOBEACHUX JOCTIIKEHb OTpUMa-
HO 3aJICKHICTh yCEpEeAHEHOT JIIHINHOT Macu 3apsy BUOYXOBOi pEUOBHHH BiJ| BiJICTaHI
M1k CBEpJJIOBUHAMH, sIKa 3a0e3Medye PO3BUTOK CIPSIMOBAHOI MEpPEXki TPILIUH MIXK 3a-
psAAaMu KOHTYPHOTO psAIy MpH iX MiapuBaHHI. BcTaHOBIEHO, MO KOXHOMY THITY
KOHCTPYKIIi KOHTYPHOTO CBEP/IOBUHHOTO 3apsy, SIKHH XapaKTepU3YEThCS ycepes-
HEHOI JIIHIMHOI Macolo, BIANOBIJA€ ONTUMAIbHE 3HAYEHHS BIJACTaHI MK KOHTYPHUMU
cBepasioBuHamu. [lokaszaHo, mo npu aiametpi 3apany 100 MM HalOUTII ONTUMaIbHA
BIJICTaHb MIXK CBEPIJIOBUHAMHU KOHTYPHOTO Psy 3MIHIOEThCA BiJ 1,5 M 17151 ciaHIto
KBapL-CIIOAUCTOrO 110 4,2 M JUIsl KBaplly 3aJI03UCTOr0 BUBITPEHOT'O. 3alpOIIOHOBAHO
KOHCTPYKII}0O KOHTYPHOTO 3apsly, B AKii BUOYXOBa peUOBHHA PO3MINIYETHCS B TOJi-
MEpHiii 000JIOHII PIBHOMIPHO MO HOT0 JAOBXKHHI 1 YTPUMYETHCS Y BEPTUKATBLHOMY I10-
JIOKEHH1 MO OCl CBEpPAJIOBUHU. 3allpOIIOHOBAHA TEXHOJIOTIS (POPMYBaHHSA KOHTYPHUX
CBEPVIOBUHHMX 3apsiIiB BUOYXOBUX PEUOBUH YCIIIIHO BUIIPOOYyBaHA B MPOMHUCIOBHUX
YMOBAX.

Kuarouosi cioBa: BuOyx, CBEpJIOBUHA, KOHTYD, TapaMeTp, 3apsl, opoja, YCTyI.

PROBLEM STATEMENT. One of the negative consequences in carrying out
mass explosions in open pits is the back-break. This leads to a decrease in stability of
bank slopes, reduction in angles of bank slopes in comparison with the project and re-
quires additional costs for artificial strengthening of banks or cutback in order to re-
store transport berms on the ultimate pit and considerably complicates subsequent
drilling and blasting operations. To eliminate these drawbacks, presplitting blasting
method that due to the creation of a shielding plane makes it possible to obtain a rela-
tively flat and stable surface of the bank and reduce the amount of destruction behind
the final boundary is used [1-3].

At present, a significant progress has been achieved in the field of application of
contour blasting in open pit mining. However, a number of key issues related to the
choice of rational parameters of contour blasting, predictive estimate and choice of
methods that allow increasing the efficiency of the formation of the angles of bank
slopes has not been solved [4, 5].

In particular, reference parameters of contour borehole charges obtained as a result
of the generalization of actual indices are given in work [6]. It is recommended to take
the borehole diameter within the range from 100 mm to 150 mm. At the same time, it
Is noted that positive results of contour blasting can be achieved even with a larger
borehole diameter.
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In most cases, the justification of the method of contour blasting in open pits con-
sists in choosing a rational design of borehole charges with a fixed distance between
them or in the optimal arrangement of contour boreholes of different diameters with a
reduced content of the explosive in borehole charges [7]. The properties of the rock
mass to be destroyed are generally accounted indirectly, based on production experi-
ence of the mining enterprise.

Analysis the above scientific studies has shown that the existing methods for the
determination of contour blasting parameters offer general dependences that only es-
tablish the ratio of the main parameters of contour charges (borehole diameter, dis-
tance between boreholes, charge mass) taking into account certain characteristics of
rocks. The choice of rational parameters of contour blasting for specific mining and
geological conditions remains completely unrevealed.

The purpose of these studies is to determine effective parameters blasting by pre-
splitting method of borehole charges.

MATERIAL AND RESULTS. Theoretical studies of the interaction of blasting
energy flows. As a result of the blasting in the mass, a stress state is formed around the
cylindrical cavity. Since when blasting contour charges, we need to create the mini-
mum permissible stress state of the rock mass in the middle of the well location line,
then when choosing the parameters of drilling and blasting operations, it is necessary
to proceed from the condition of ensuring the process of rock destruction in the inter-
val between charges with a given width A.

With the simultaneous explosion of adjacent cylindrical charges of explosives, the
displacement of the rock mass at points lying along the AB line (Figure 1) in the direc-
tion radial from the charge is impossible. Therefore, to estimate the state of stress at
point B, we consider azimuthal component of stresses o,°=0. Tangential stresses at a
system of rectangular coordinates ery at point B caused by blasting of adjacent bore-
hole charges are equal in magnitude, but they are reverse in direction, and their result-
ant value will be ery=0. As a result of summing radial stresses o, at point B, equations
will be as follows [8]:

B _ 2.
6, =26,co0s0;
B _ .20,
6, =20,sin"0; (1)
B _
Ty =0,

where sin i cosf are parameters that are determined by rations:

a® . 24 A?
—; sin“0=

c0s20 = —
a“+A a“+A

(2)
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Figure 1 — Scheme for the determination of blasting by presplitting method
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When the rock mass is destroyed in the contour of the slope, the tensile stresses oy,
which at the point B are determined by the dependence:

GE = GE ~vo©, (3)

where v is the Poisson's ratio.
Radial stresses resulted from the blasting of a single cylindrical charge are calcu-
lated by formula:

o, =P-1,(r)-1,(r), (4)

where P — pressure of detonation products on the borehole walls, Pa; f (r)= (rc/r)o’5

— function of the geometric divergence of cylindrical waves and distance;
f.(r)=exp(—ar/r) — absorption function that takes into account the loss of stress

waves; a — distance between boreholes, M; r. — borehole radius, m; r — current distance
to the charge, m; o — absorption coefficient.
Let's substitute in formula (3) value 6,° and o,® (formula (1)) by taking into ac-

count (2) and value o, ¢ (4) at
r=%\/a2+A2 (5)

and we obtain equation

2 2 / 2 2
GS _zp\/Iva—_AF)eXp[_aa—_"A]_ (6)
(a2 +42) .

Due to the fact that the density of the explosive charge in the pre-split boreholes is
low, the pressure of detonation products on the borehole walls does not usually exceed
200 MPa and is calculated as follows:
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nd

where g — linear mass of the charge, kg/m; o — specific energy of explosives, J/kg; v —
isentropic exponent: y = 1,45; n — energy loss factor; d. — borehole diameter, m.

Since the main destructive stress in blasting by presplitting method is the tensile
stress that, in the ideal case, should create a separation fracture, in this case, the condi-
tion for the destruction of the rock mass are:

>0 (8)

P Kp’

whereo, , — ultimate tensile strength of rock, Pa.

In accordance with the basic principles of mechanics of fracturing the continuous
medium, the critical stress value at two-dimensional state of stress for separation frac-
tures is determined based on the expression:

J2K
= = 9
b — 9)

where K,— critical factor of stress intensity.

Thus, using formulas (6), (7), (9) and the condition for the destruction of the rock
mass, we determine the necessary linear mass of the charge that ensures the condition
for the fracture development between pre-split boreholes:

4 omf \/_ — eXp[ } a0

The analysis of Eq. (10) shows that there is a definite dependence of the linear
mass of the pre-split charge of the explosive g on the distance between pre-split charg-
es a at established properties of the rock mass.

Calculations have been made for rocks that are represented within the open pit of
the Poltava Mining and Processing Combined Works to establish a graphical relation-
ship between g and a under the following parameters of the pre-split borehole charge:
borehole diameter — d. =0,25 m; specific energy of gramonite blasting 79/21 —
©=4285 kJ/kg; energy loss factor — n=0,7. Indicators characterizing physical and me-
chanical properties of rocks are given in master's thesis Britvina Yu.O.

Figures 2 and 3 show graphical dependences of the change in the linear mass of
charge g on the distance between the pre-split boreholes a during the destruction of
rocks of different hardness that are located within the open pit.

q_
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Figure 2 — Dependence of the linear mass of the charge g on the distance
between the pre-split boreholes a during the destruction of rocks:
1 — quartz-biotite slate; 2 — quartz-mica slate; 3 — magnetite quartzite;
4 — buck quartz; 5 — cumingtonite-magnetite quartz
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Figure 3 — Dependence of the linear mass of the charge g on the distance
between the pre-split boreholes a during the destruction of rocks:
1 — plagiogranite, migmatite; 2 — weathered shale; 3 — amphibolites;
4 — granitoids; 5 — weathered ferruginous quartz
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As a result of the analysis of dependencies, it was established that blasting in the
quartz-biotite shales (Fig. 2, dependence 1) with gramonite 79/21 at a distance of
3,0 m from each other, the linear mass of the charge should be 12 kg. If the work is
carried out in the quartz-mica shales, the linear mass of the charge decreases to 9 kg
(Fig. 2, dependence 2). Thus, to create a directed network of fractures with a distance
between the boreholes of 3 m, the greatest amount of explosive per 1 m of charge re-
quired for the destruction of quartz-biotite shales is 12 kg, the smallest amount for
weathered ferruginous quartz is 5 kg (Figure 3, dependence 5).

In general, it should be noted that with the increase in the distance between pre-
split charges, the linear mass increases in the parabolic dependence. The nature of the
change in established dependencies for different types of rocks is not the same, since
some of them intersect between themselves (see Fig. 2, 3).

To ensure the stability of detonation, the contour well is proposed to be formed by
placing it in a polymeric shell and holding the charge column in an upright position.
For this purpose, the technology of loading industrial explosives into the sleeve feed
device is used [9]. Fig. 4 shows the design of the charge with the use of the sleeve feed
device with the help of which charges are formed diameters 127-200 mm [10].
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Figure 4 — Design of the borehole charge with the use of the sleeve feed device

The above technology has been successfully tested in industrial conditions. In pre-
splitting boreholes with a diameter of 250 mm, the charge with a diameter of 127 mm
Is placed in the polymer sleeve. Under such conditions, the consumption of bulk ex-
plosives per 1 m of the borehole charge was 13 kg and it was 19 kg emulsion explo-
sives. This design ensured the uniformity of the explosive distribution along the
length, location of the charge along the borehole axis and technology of the charge
formation in the borehole with any level of water cut.
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CONCLUSIONS. Based on the results of the conducted studies:

1. It has been established that each type of the pre-split borehole charge design
that is characterized by the averaged linear mass corresponds to the optimal distance
between pre-split boreholes.

2. A design for a network borehole charge, which implies that an explosive is
placed uniformly in a polymer shell along its length and held in a vertical position
along the borehole axis. The mentioned technology for the formation of pre-split bore-
hole charges has been successfully tested in industrial conditions.

3. A promising direction of further scientific developments are theoretical and ex-
perimental studies of the effect of the natural fracture pattern of the rock mass on pa-
rameters of blasting by presplitting method.
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YCTAHOBJIEHHUE DOPPEKTUBHBIX TEXHOJIOI'MYECKHUX
ITAPAMETPOB KOHTYPHOI'O B3PBIBAHUAA
CKBA’KMHHBIX 3APSA/10B

A. A. ®poJos, T. B. Kocenko, I0. C. Maibuesa

HannoHanpHbIN TEXHUYECKU YHUBEPCUTET Y KPAUHBI

«KIIN nm. Urops Cukopckoro»

yi1. Bopmrarosekas, 115, r. Kues, 03056, Ykpauna. E-mail: frolov@geobud.kiev.ua

I1o pe3ynpraram NMpoOBENEHHBIX UCCIENOBAHUM MOJMyYeHA 3aBUCUMOCTD YCPEAHEH-
HOM JIMHEWHOW MaccChl 3aps/ia B3pbIBYATOIO BEIECTBA OT PACCTOSHUS MEXKIY CKBAXKU-
HaMH, KOoTopasi o0ecreunBaeT pa3BUTUE HAIPABICHHOW CETH TPEIIMH MEXIy 3apsiia-
MU KOHTYPHOI'O psilia IIPU UX B3PbIBAHUU. Y CTAHOBJICHO, YTO KaXKAOMY THUITy KOHCT-
PYKLMHU 3apsifa, KOTOPbIM XapaKTEpU3yeTCs YCPEAHEHHOU JIMHEMHOM MacCOW B3pbIB-
4aTOIr'0 BELIECTBA, COOTBETCTBYET ONTHUMAJIBHOE 3HAYECHHE PACCTOSIHUS MEXKAY KOH-
TYpPHBIMH CKBaXMHaMHM. [IpemmoxkeHa KOHCTPYKLUSA KOHTYPHOIO 3apsia, B KOTOPOU
B3pPBIBYATOE BEIIECTBO Pa3MELIAETCS B MOJUMEPHON 00O0JOYKE PaBHOMEPHO IO €ro
JUIMHE U yIEPKUBAETCSA B BEPTUKAIBHOM TOJIOKEHUH 110 OCU CKBAYKUHBI.

KuroueBble ci10Ba: B3pbIB, CKBaXXWHA, KOHTYD, HapaMeTp, 3apsA, NOpoaa, yCTYII.
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