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IMPROVING THE QUALITY OF BLASTING INDICATORS BY STUDYING THE NATURAL
STRESS FIELD AND THE IMPACT OF THE BLAST FORCE ON THE ROCK MASS

Abstract: in the proposed article two different methods of blasting horizontal and inclined mine
excavations are considered. The purpose of this article is to increase the stability of the contour rock mass and
improve the quality of the blast by optimizing the parameters of drilling and blasting operations during the
passage of underground mine excavations. When choosing the research method were used modern programs
and methods for determining the zones of influence of the blasting force. On the basis of numerical modeling
by the finite element method are determined the possible zones of destruction of law-shaped rocks under the
influence of the blasting force. A comparative analysis of the excess cross-section coefficient of two different
methods of blasting sinking excavations is performed. There are shown the advantages and disadvantages of
the method of contour blasting of sinking excavations proposed by the authors. The design of the charge of
contour holes and the explosives used in the proposed method of detonation are demonstrated. The actual
results of experimental explosions are given. It is shown how much the quality indicators of blasting operations
increase in comparison with the generally accepted methods of blasting sinking roadhead. By reducing the
force of the blast on the sculptural rock mass, the surface of the uncovering contour of the excavations is more

even, which allows to choose a lighter support to mine excavations in a stable state.
Key words: numerical simulation, finite element method, blast, contour blasting, perimeter rock mass,

excavation, drilling and blasting, hole.

Introduction. Currently, the development of
mineral deposits by underground method is
characterized by large volumes of sinking
operations. The speed and quality of sinking
generally determine the efficiency of mine
development and underground mining operations.
One of the factors that reduces the rate of
penetration when using drilling and blasting
operations is the increased structural destruction of
the rock mass, leading to falls and the formation of
weakened zones, and ultimately, to increased costs
for fixing and transporting the rock mass.

The analysis and generalization of the
literature data [1, 2, 3, 4] allowed to estimate that
more than 90% of rocks during mining are separated
from the rock mass by blasting destruction, and
despite the large volume of theoretical and
experimental studies [5, 6], the effective control of
the blasting action is not sufficiently studied, since
there is currently no method for calculating the

parameters of drilling and blasting operations taking
into account the stress-strain state of the rock mass.
Therefore, the problem of increasing the stability of
the rock mass is very relevant, and its solution is
based on improving the methods of controlling the
energy of the blast, which are based on reliable
physical representations of the processes of
destruction of rocks by blast.

The destruction of continuous stressed media
by blast and the identification of its regularities are
the subject of research by many scientists. Adushkin
V.V., Borovikov V.A., Zharikov LF., Klochkov
V.F., Kryukov G.M., Kutuzov B.N., Rodionov
V.N., Menzhulin M.G., Fokin V.A., Shemyakin
E.L., Khanukaev A.N., Andreev R.E., Brown C.J.,
Thomas G.O., Erion P., Algest A. and others made
a significant contribution to the study of the
processes of rock destruction, formation and
propagation of stress waves in the rock mass during
the blast of explosive charges.
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Despite the large amount of work performed
and the achievements in scientific research in
assessing the impact of the stress state of the rock
mass on the resulting effect of the blast, there are
different opinions of researchers, so far there is no
final scientifically-based approach to determining
the rational parameters of drilling and blasting
operations during excavation of workings [7].

Improving the efficiency of drilling and
blasting operations, taking into account the stressed
state of the rock mass, is an important task in
practical and scientific terms, the solution of which
will reduce the cost per unit of extracted mineral.

The aim of the study is to increase the stability
of the contour rock by optimizing the parameters of
drilling and blasting operations during the passage
of underground mining excavation workings.

To achieve this goal, the following tasks are
defined:

- to justify the feasibility of using contour
blasting in strong rocks with increased fracturing;

- to develop passports for drilling and blasting
and schemes for loading contour holes;

- to conduct pilot tests on the developed
passports of drilling and blasting operations.

Materials and methods. Currently, the
generally accepted method of drawing up passports
of drilling and blasting operations is the calculation
of the specific flow rate and charge parameters for
the entire volume of the blasted rock in the face
entirely, without considering, and even more so,
calculating the features of the stress-strain state of
the rock mass. In this regard, the seismic effect of
the explosion on the contour array was studied by
numerical modeling [8].

Experimental explosions were carried out at
the underground mining excavation workings of the
Akbakay mine. Rock strength indicators (RQD)
were determined directly on the mine contour and a
linear fracturing survey was performed, which in
turn are the main indicators for determining the
geological strength index GSI [9].

Based on the results of the survey of cracks, 3
systems of cracks were identified, the elements of
occurrence of which are shown in Table 1.

Table 1 - Elements of occurrence of crack systems

System Ne | Average angle of | The average azimuth Characteristics of the crack system
incidence, deg. of the fall, deg.
1 50 345 stratification
2 65 159 longitudinally secant
3 43 256 transversely secant

The properties of the fractured massif are
determined by the Hoek-Brown criterion [10] using
the geological strength index GSI [11]. The
geological strength index GSI is calculated using
the formula:

_ 52Jy/Ja_, RQD
GSI_(1+]r/]a)+ 2 M

where Jr , Ja are the indicators of roughness
and variation/filling of cracks according to N.
Barton. For the conditions of the Akbakay field, Jr
= 1,5; Ja=2 is accepted.

Then, according to equation (1), the
approximate value of the geological strength index
GSl s 68.

For numerical modeling of the stability of a
rock mass by the finite element method, it is
necessary to process the physical and mechanical
properties of rocks according to the Coulomb-Mohr
or Hoek-Brown criteria in the RocLab program.

The program also takes into account the
quality of the impact of the explosion on the
contoured mass, that is, with identical properties of
the rock mass, the quality of contouring depends on
the brisance of the explosives. Table 2 shows the
parameters of the physical and mechanical
properties of rocks, which are the initial data for
numerical modeling by the finite element method.

Table 2 — Processed physical and mechanical properties of rocks

Initial data for computer simulation
Results of the processed physical and mechanical properties of rocks
Domain . Modulus of Internal : I
Tensile strength . - Poisson's ratio .
No . elasticity of | friction angle . Bulk weight
(in the array) Grip, G MPa n 3
MPa the array o, Y, t/m
Op> E, MPa deg.
I 0,292 12550,8 48,15 2,614 03 2,69
11 0,746 16960 46 3,2 03 2.7
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Results and discussion. According to the
results of numerical modeling of the stress-strain
state of the array, after man-made impact on it with
the usual method of blasting (Figure 1, a), possible
unstable zones in the roof of the workings can reach
up to 0.2 m, and when using contour blasting
(Figure 1, b), this indicator is halved (0.1 m), that is,
the stability of the contour array increases. Based on
the above, it can be argued that in strong rocks with
increased fracturing, the use of contour blasting is
advisable from the point of view of safety — by
reducing possible collapse zones, and from the point
of view of economy — by reducing the cost of
secondary dilution and fixing during mining
operations.

a)

40m

Figﬁré 1 — Results of numerical an_alysis:
a - without taking into account contour blasting;
b - with allowance for contour blasting

The passport of drilling and blasting
operations was developed for field horizontal
workings according to the method of B.N. Kutuzov
[12], and supplemented by the results of
experimental explosions. In order to reduce the

impact of the explosion on the structural array, it
was decided to drill additional blank holes on the
arch of the development in an experimental manner
to distribute the force of the explosion. The layout
of the holes is shown in Figure 2.

i~ s 4 c 21
Bl !

Figure 2 — Diagram of the location of the holes

To date, in foreign practice [13], the system
of distribution of emulsion explosives with the help
of a hose tap is widely used, which has shown a
number of advantages, including increasing the
efficiency of underground mining excavation,
reducing the time of loading the face, as well as the
need for labor resources. However, if we think from
the point of view of economics, the cost of emulsion
explosives is higher compared to the explosives
proposed by the authors.

According to the new charging scheme
proposed by the authors, contour holes are charged
using ammonium nitrate, a detonating cord and a
detonator capsule. This conventional method of
loading contour holes achieves very effective
results aimed at increasing the stability of the
contour rock mass during blasting operations.

Figure 3 shows the actual mine surveying of
the cross-sections of the workings with a total
station meter in the usual method of blasting (a), and
when loading contour holes in the way proposed by
the authors of the work (b). In fact, the cross-
sectional area of the workings in the conventional
blasting method is 14.1 m?, while the design cross-
sectional area is 12.0 m*. Based on Figure 3 (a), it
can be argued that with the usual method of blasting,
there are falls from the roof and sides of the
workings, which often leads to an increase in the
excess cross-section coefficient of at least 1,175. In
the case of contour blasting (Figure 3, b), the
average coefficient of excess cross-section does not
exceed 1.05, respectively, the contour of the
excavation is close to the design outline.
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Figure 3 — Actual total station survey of the
excavation contour: a - without taking into account
contour blasting; b - with allowance for contour
blasting

The analysis of the results of the pilot tests
conducted in the workings of the Akbakay mine for
3 months showed a positive result. This is evidenced
by the minimization of the formation of chips and
cracks in the rock mass of the rock structure in
comparison with the usual method of blasting. On
the basis of the above, it can be argued that the
reduction of the impact of the explosion on the legal
rock mass has been achieved. Figures 4, 5, and 6
show the results of experimental explosions.

Figure 4 — Impact of the blast force on the roof of
the excavations:
a - without taking into account contour blasting;
b - with allowance for contour blasting

Figure 5 — Results of the experimental blast

Figure 6 — The effect of the blasting force on
the wall of the excavations:
a - with allowance for contour blasting; b - without
taking into account contour blasting

Conclusion. The proposed method of contour
blasting allows to solve the actual problem for
underground mines of increasing the safety of the
contour rock mass during mining operations by
explosive method in strong rocks with intense
fracturing. The main scientific results are as
follows:

1. A scheme for charging contour charges is
developed, taking into account the stress-strain state
of the array in strong rocks with intense fracturing,
which allows to increase the safety of the contour
rock mass and the safety of mining operations.

2. As a result of the use of contour blasting,
the surface of the contour of the outcrop of the mine
is quite smooth, without chips and visible cracks.
The remaining surface of the hole can be traced
along the entire length of the hole, which indicates
a reduction in the impact of the explosion on the
contoured rocks.

3. It is established that when low-brisant
explosives are detonated in contour holes, the radius
of intensive crack formation is reduced by 30-40%,
thereby reducing the search from the design
parameters to a minimum,

4. The cost of explosives decreased by 7%
when using contour blasting compared to the
conventional method of blasting, and the cost of
transporting the broken rock mass and the cost of
fixing the mine excavations also decreased.
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TABUTI' KEPHEY OPICIH ’KOHE KAPBIJIBIC KYIHNIHIH MACCHUBKE 9CEPIH 3EPTTEY
APKBLIbI ’)KAPBLJIBICTBIH CAITAJIBIK KOPCETKIIITEPIH )KAKCAPTY

AHHOTAaIUS: MaKauaja >kep acThl Tay-KeH Ka30ajapbhlH YHFBUIAY Ke3iHIEri MacCHBTIH KepHeYIi-
nedopmamrsuielk kyHin (KIK) eckepe oTeIpeimn, Oypreuiay-kapy xymbeicTapblablH (BXKOK) TrimMmimiria
apTTBIPY OOWBIHITIA 3ePTTEYIEPIiH HOTIKENepi Kenrtipinren. KenaeHeH jkoHe Kelbey Tay-KeH KazOamapbliH
XKapyIblH €Ki TYpii oici KapacTbIpbLIaAbl. 3epTTey OAiCiH TaHAay Ke3iHAEe >KapbUIbIC KYILIiHIH acep eTy
aliMaKTaphlH aHBIKTAYIBIH 3aMaHayH OarmapiaMaliapsl MEH oficTepi KonmaHbuiabl. IllekTi ameMeHTTepmi
CaHIBIK MOJIENBICY HETi3iHAC XapBUIBIC KYIIIHIH 9CEpIHEH TOKTATBUIFAH Tay JKBIHBICTAPBIHBIH BIKTHMAI
Oy3buly aliMakTapbl aHBIKTAIAbl. JKapbUIbIC YHFBIMAIAPBIHBIH €Ki TYpJi OICIHIH apThIK KeJJICHEH
KUMAacChIHBIH K03((UIMEHTIHE CalbICTRIPMAbl TaNAay >KYPri3ingi. ABTOpJIap YChIHFAH YHFbIMa Ka30anapblH
KOHTYPJIBIK JKapy o/IiCiHIH apTHIKIIBUTBIKTAPEl MEH KEMIIITIIKTEPi KOPCETIIAreH.

YHFBIMaHBI )KapyAbIH €Ki TYPJIi 9iCiHIH apThIK KUMACBIHBIH KO QUIIMEHTIHE CalbICTRIPMAIIBI TAAAY
Kacalnabl, OHBIH HOTHKeNepl OOWBIHIIA aBTOpJap YCHIHFAH KOHTYPJIBI XKapy OAici KapbUIBICTBIH KOHTYPJIBI
KBIHBICTAPFa 9CEPIH KeM JETeH[Ie €Ki ece a3aiTyra BIKIAJ eTTi Jel aiTy KepeK. ABTOpJap YChIHFaH YHFbIMA
Ka30anapelH KOHTYPJBIK JKapy OICIHIH apTHIKIIBUIBIKTApEl MEH KeMIIikrepi kepcerinreH. CoHpmaii-ak
KOHTYPJIBIK TecHelNep 3apsAbIHBIH KYPBUTBIMBI )KOHE KOJIIAaHBUIATHIH KAPBUIFBILI 3aTTap KOPCETITEH.

KoHTypnbIK 3apsaTapabl 3apsAray CXeMachl KapKbIHIbI KapBIKTBIFBI Oap KaTThl KBIHBICTAPIAFbI
maccuBTiH KJIK-cbIH eckepe OTBHIPBIN jKacanabl, Oy KOHTYPJIBIK MAaCCHUBTIH KayilCi3/iriH jKOHE Tay-KeH
KYMBICTapBIHBIH KAaYIiCI3AIriH apTTHIpyFa MYMKIHIIK Oepeti.

KoHTypiblk Tecmenepae TeMeH OaMbITBUIFaH >KapbUIFBIII 3aTTapAbl JKapy Ke3iHAe KapKbIHAbI
JKApBIKIIAKTHIH Taiina 6omy pammycsl 30-40%-ra a3asapl, OCbUIAlIIIA K00aJBIK TTapaMETPIIEPACH apallbIKTap
OapbiHIIa azaiTeuianel. JK3-Fa KymcanaTblH LIBIFBIHAAP KOHTYPIBIK JKapyAbl Halfanany kesinae 7%-fa
a3aii/pl, 9[ETTET] JKapy TOCUTIMEH CalbICTHIPFAaH/a, ChIHFaH Tay-KEH MaccachlH TachIMalAayFa KyMcalaTblH
LIBIFBIHIAP JKOHE Tay-KeH Kaz0alapblH OEKiTyre KyMcallaTbIH LIBIFBIHAAP 14 TOMECHICI.

TyiiiH ce3mep: CaHIBIK MOJENBICY, IIEKTI JIEMEHTTEP OIICi, JKapbUIbIC, KOHTYPJBIK KapBLUIBIC,
KOHTYPJIBIK MAaCCHB, Tay-KeH OHIIpICi, OYpFbLIay-Kapy KYMBICTAPbI, TECTIC.
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VJIYUIIEHUE KAYECTBEHHBIX ITIOKA3ATEJIEN B3PBIBA 3A CUET UCCJIEJIOBAHUM
MPUPOJTHOTI O IOJISI HANIPSI)KEHUM U BJIUSAHUSA CUJIbI B3PBIBA HA MACCHB

AHHOTalUSA: B CTaThe [IPUBEICHBI PE3YJIBTAThl HCCIIEAOBAHUH 110 MOBBIIEHHIO 3G (HEKTUBHOCTH Oypo-
B3pbIBHBIX paboT (BBP) ¢ yuerom HanpskenHo-xaedopmannonnoro cocrostaust (H/IC) maccuBa npu mpoxoake
MIO/I3eMHBIX TOPHBIX BbIpaOoTOK. PaccMarpuBaroTcs 1Ba pa3HbIX crnoco0a B3phIBaHHWSA TOPHU3OHTANBHBIX U
HAKJIOHHBIX TOPHOIPOXOJYECKUX BbIpaOOTOK. IIpu BeIOOpe Merona uccienoBaHUs OBLIM HCIOJb30BAHBI
COBpPEMEHHBIE POTPAMMBI ¥ METOJIBI OTPEACNICHHs 30H BIVSHHS B3pbIBHON CHuibl. Ha ocHOBe uncieHHOTO
MOJIEJIMPOBAaHUA METOJAOM KOHEYHBIX DJIEMEHTOB OIpEJENIEHbl BO3MOXHBIE 30HBI  Pa3pyIIEHUS
3aKOHCEPBHPOBAHHBIX TOPHBIX MOPOA MOA JIeHCTBHEM B3pbIBHOW CHIBIL. [IpoBeneH CpaBHUTENBHBIN aHaIHU3
ko3 duiimerTa U30BITOUHOTO MOMNEPEYHOI0 CEUCHHS IBYX PAa3IUYHBIX METOIOB B3PBIBHBIX NMPOXOAYECKHX
BbIpa®oToK. [lokasaHbl IpeumyliecTBA W HENOCTATKU INPEAJIOKEHHOIO aBTOpAaMHM METOAA KOHTYPHOTO
B3pBIBaHUSI TPOXOIYECKUX BHIPAOOTOK.

BbinonHeH cpaBHUTENbHBIM aHaMM3 KOd(GGUIMEHTa H3NMIIKH CCUEHHsS IBYX pPAa3HBIX METOIOB
B3pBIBAaHUS IPOXOJYECKUX BHIPAOOTOK, IO pe3yjibTaTaM KOTOPOIrO CJIEAyeT YTBEp)KIAaTb YTO CHOCO0
KOHTYPHOTO B3PBIBaHHS, NMPEAJaraeMbelii aBTOpaMH, MOCMOCOOCTBOBANI CHIDKEHHIO BO3JICHCTBHSI B3pbIBA Ha
3aKOHTYpHBIE TOPOJBl MUHHUMYM B JABa pa3a. [loka3aHbl npeuMyllecTBa M HEJOCTATKU MpPEeiaraeMoro
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aBTopamMu croco0a KOHTYpHOTO B3PBIBAaHUS IPOXOMYECKHX BBIPAOOTOK. Takke MPOAEMOHCTPUPOBAHA
KOHCTPYKITHS 3aps/ia KOHTYPHBIX IITyPOB M MPUMEHSIMBIE B3phIBUATHIE BEIIECTBA MPEIaraeMoro crocoda
B3pbBIBaHMA.

Pa3zpaborana cxema 3apsbKaHUsl KOHTYPHBIX 3apsiioB ¢ yueroM HJIC maccuBa B Kpemkux MOpojaax C
WHTEHCHBHON TPEIIMHOBATOCTHIO, IO3BOJIIONIAS IOBBICUTH COXPaHHOCTh 3aKOHTYPHOTO MacCHBa U
0e3011acHOCTh BEACHUS TOPHBIX PadoT.

YcTaHOBNIEHO, UTO IPH B3PBIBE HU3KOOPHU3aHTHBIX B3PHIBYATHIX BEIIECTB B KOHTYPHBIX HIITypax paguyc
WHTEHCHBHOTO TpEUIMHOOOpa3oBaHus ymeHbmaercs Ha 30-40%, TeM cambIM TepeOOopbl OT MPOEKTHBIX
apaMeTpoB CBOAATCS K MUHUMYMy. Pacxonpl Ha BB ymenbmmncs Ha 7% npu UCIIONb30BAaHUU KOHTYPHOTO
B3pbIBaHUsA, II0 CpPaBHCHUIO C OOBIYHBIM  CIIOCOOOM B3pbIBaHUA, TAKXKE CHHU3WIIHNCH pacxodbl Ha
TPAHCIIOPTHUPOBKY OTOUTOM TOPHON MACCHI M 3aTPaThl HA KPEIUIEHUE TOPHBIX BHIPAOOTOK.

KarodeBble cjioBa: YHCICHHOE MOJENMPOBAHUE, METOJ] KOHEYHBIX DSJIEMEHTOB, B3PBIB, KOHTYPHOE
B3pbIBaHME, 3aKOHTYPHBII MacCHB, TOpHas BRIpaO0OTKa, OypOB3PHIBHBIE PAOOTHI, HITYD.
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