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DETERMINATION OF DRILLING AND BLASTING PARAMETERS
CONSIDERING THE STRESS-STRAIN STATE OF ROCK ORES

Purpose. Enhancing methods for determining parameters of drilling and blasting operations considering the

stress-strain state of rocks.

Methodology. Dependency of the inclined exposure dip on the stress-strain state of rocks to be caved is determined
by the analytical research technique and mathematical modeling applying the finite element method.

Findings. The work offers methods for determining the energy intensity factor for breaking ores onto the inclined
exposure which considers the exposure dip while correcting drilling and blasting parameters. There are also offered

calculated numerical limits for the above factor.

Originality. The scientific novelty consists in determining numerical values of the energy intensity factor for break-
ing the rock massif considering its stress-strain state when caving onto an inclined exposure (compensation area)
taking into account its dip. The work suggests limiting the range of obtained numerical values of the factor when

breaking the massif onto any type of exposures.

Practical value. Drilling and blasting parameters can be corrected depending on changes of the ore massif stress-
strain state when caving it onto any type of exposures (horizontal, vertical or inclined). The dedicated computer
program created enables immediate acquisition of basic drilling and blasting parameters for particular conditions and
analysis of predicted values of fragmentation of the massif to be caved.

Keywords: drilling and blasting parameters, stress-strain state of the massif

Introduction. The current crisis phenomena add ur-
gency to the issue of additional reserves of decreasing
ore mining costs and those of underground mining in
particular. Due to high prices for explosives and blasting
means, drilling and blasting operations make a consid-
erable part of mining costs. Consequently, increase in
efficiency of this important production process influ-
encing the further operation indices (muck drawing and
transportation) becomes topical.

Analysis of the recent research and publications. Basic
parameters of drilling and blasting (DB) at longhole
stoping, which is dominant in underground iron ore
mining, are determined by a wide range of various meth-
ods described in scientific and technical literature. For
instance, theoretical (so called “benchmark”) explosive
consumption underlies the mining methods in [1]. The
statistical data resulted from analysis of DB parameters
in underground mines is taken as a basis in [2, 3] and
determines these parameters for a round of parallel-
contiguous boreholes. However, the mentioned tech-
niques do not consider the influence of the depth of op-
erations and the stress-strain state (SSS) of rocks caused
by it.

One of the widely used techniques was developed by
prof. Yu. P. Kaplenko. It has been approved as the indus-
try standard for iron ore underground mines of Kryvbas
and Zaporizhzhia Iron Ore Integrated Plant and is used
by students for preparing their course and graduation
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papers [4]. The technique is based on the so called rock
blastability index C,, which considers all basic factors
influencing breaking efficiency. In practice its simplified
version, which considers the rock hardness ratio, rock
heterogeneity, a borehole diameter, the explosive force
and charge density, is applied. In most cases the calcu-
lated parameters of DB completely meet the industry’s
requirements as the methods are based on a great
amount of industrial research and undergone significant
testing [5]. However, the full version of the technique
enables considering the stress-strain state of rocks and,
consequently, adjusts basic parameters of explosives.
Though the technique is adequately treated in technical
literature [3, 6], it is not widely applied in practice. From
our point of view, the main reasons for this include con-
siderably more difficult calculations and lack of motiva-
tion of technical and engineering employees to apply
these cumbersome and complicated methods.
According to the technique, when designing drilling
and blasting operations, the stress-strain state of rocks is
determined using the energy intensity factor for break-
ing rocks k equal to the ratio of specific consumption of
explosives considering the impact of mining depths and
the stoping area sizes g, to specific consumption of ex-
plosives determined on according to rock hardness g;.
Unsolved aspects of the problem. The main disadvan-
tage of the above mentioned technique is as follows.
Firstly, it only allows determining the numeric value k,
when breaking ore onto horizontal or vertical exposures,
but in Kryvbas underground mines the inclined type of
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exposures (compensation areas) is becoming more fre-
quent in both sublevel stoping and sublevel caving. Sec-
ondly, it does not contain any limitations that can lead
to inaccurate results.

The investigation is aimed at enhancement of the
methods for determining DB parameters considering
the stress-strain state of rocks in terms of possible ad-
justment of explosives parameters when caving the
rocks onto the inclined exposure (compensation
area), and setting certain limits to disable inaccurate
results.

Presentation of the main research. The numerical
value of the factor k. is determined from the expres-
sions:

- when breaking ore onto the horizontal exposure
(compensation area)
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- when breaking ore onto the vertical cutoff stope
(compensation room)
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where g;is specific consumption of explosives according
to rock hardness, kg/t; Bis the stope width, m; W} is the
line of the least resistance for the given rock hardness f,
m; S, S,, are the areas of the horizontal or vertical
stopes respectively, m?; H is the depth of mining opera-
tions, m; p is Poisson’s ratio, unit fractions.

When numerical value of the energy intensity factor
for breaking ores k is less than 1, this testifies to the fact
that the rocks are in the zone of lower or tension stresses
which weaken the massif. This allows increasing the pa-
rameters of the spacing pattern without muck quality
losses while decreasing the number of boreholes (and
their reduced general length), explosives and means of
blasting. Accordingly, productivity increases and costs
of the process decreases. k, greater than 1 testifies to
prevalent compressive stresses which complicate rock
fragmentation as, apart from the compressive stresses,
natural forces characterized by these rocks’ hardness ra-
tio should also be handled. If the mentioned factor is not
considered, under the influence of increased compres-
sive stresses the fragmented ore quality decreases due to
increased oversize yield.

Considering the stress-strain state of rocks, the
blastability index, the least resistance line value and spe-
cific consumption of explosives for breaking are deter-
mined through the formulas
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We have investigated changes of the stress-strain
state of rocks and enclosing rocks with various types of
exposures at sublevel stoping when breaking the ore
onto horizontal, vertical and inclined compensation ar-
eas. The investigation was conducted through mathe-
matical modeling applying the finite elements method
in Ansis 16.2. Exposure (inclined crowns and roofs of
inclined compensation rooms) dips made 20 to 70 de-
grees.

Fig. 1 exemplifies modeling of the stress-strain state
of rocks around horizontal, vertical and inclines com-
pensation rooms of the same volume and in the same
conditions (mining depth — 1350 m, Protodyakonov
hardness of rocks — 5 points).

The figures demonstrate that with the horizontal ex-
posure (Fig. 1) increased compressive stress zones are
concentrated in the upper corners of the stope and occur
in very small areas. The major part of the massif'is influ-
enced by decreased and tension stresses. Rocks weak-
ened by decreased and tension stresses are similar to
rocks of less hardness. This is considered, particularly,
by applying the factor kc’;. With vertical exposures
(Fig. 2), increased compressive stress zones are observed
in the lower and upper corners of the stope. The sizes
and absolute values of these zones are similar to those in
corner areas of the stope with a vertical exposure. In the
central part of the vertical exposure there are no tension
stresses (at least, at the specified depth and sizes of the
exposure); but there occurs a zone of decreased com-
pressive stresses the level of which grows inward the
massif. Such pattern of stress field development com-
pletely meets the classical idea of stress field formation
around stopes of this shape and is in good agreement
with other authors’ investigations [6, 7], which proves
accuracy of the obtained modeling results.

Absolute values of the stresses in the massif and sizes
of zones where they develop (with both horizontal and
vertical exposures) will depend on physical and me-
chanical properties of rocks, mining depth and geomet-
rical sizes of such exposures. With decrease in rock
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Fig. 1. Distribution of the principal stresses field (MPa)
round the horizontal compensation room
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Fig. 2. Distribution of the principal stresses field (MPa)
round the vertical compensation room

hardness, increase in rock pressure, which depends di-
rectly on the mining depth, and increase in exposure
sizes in the stope roof and walls, there occur disturbanc-
es in the form of rock falls [8, 9]. However, in similar
conditions vertical exposures are more stable than hori-
zontal ones and conditions of breaking in the rock mas-
sif to be caved onto horizontal exposures will always be
more favorable. This is proved by calculations of k£ and
k! according to [2, 10].

With inclined exposures (Fig. 3), the rocks over the
room are also influenced by decreased and tension
stresses, but their level is significantly less than in case of
the horizontal exposure. So, in similar conditions in-
clined exposures are more stable than horizontal ones,
but they are less stable than vertical exposures. This de-
pendency is in complete agreement with the results pre-
sented in [11].

Fig. 3. Distribution of the principal stresses field (MPa)
round the inclined compensation room with the in-
clined exposure dip of 40°
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The value of inclined exposure stability change is di-
rectly connected with its dip. With small dips of inclined
exposures (20—30°) the level of stresses in the massif and
their stability vary little from those in horizontal crowns
or horizontal compensation rooms. At greater dips (es-
pecially 60° and more) stability of inclined exposures
fast reaches that of vertical exposures.

Analysis of the obtained data enables determining
the value of k, at caving onto the inclined exposure
(compensation area) from the expression

ki =kl + (k2 - k) 1g?©/2, (6)

where k”, k! are values of k, when breaking onto the
vertical and horizontal exposures (compensation areas)
respectively; © is the dip of the inclined exposure, de-
grees.

Analysis of this expression shows that at ® = 0° and
©=90°(i. e. at horizontal and vertical exposures) k” be-
comes equal to k('; and k! respectively; the greater the
inclined exposure dip ® is (i.e. when its stability in-
creases due to increase of the zone of compressive
stresses impact and their absolute values), the greater
the factor k! becomes.

Fig. 4 presents changes in numerical values k” de-
pending on the inclined exposure dip ® in concrete con-
ditions, namely: with Protodyakonov hardness of rocks
f= 6 points; exposure area S = 400 m?; depth of mining
H=1200 m and Poisson’s ratio p = 0.3.

Asisseen, at the inclined exposure dips up to 20—30°
there is no great difference between values & and k”,
significant increase in k” is observed at dips from
40—50° and greater. Such behavior of rocks is logical and
confirmed by a number of experimental investigations
when modeling the stress-strain state of rocks at previ-
ous stages of studying geomechanical processes [12, 13]
and visual observations at Kryvbas underground mines.
The similar dependency of inclined exposure stability
increase is presented in [14] and this can also confirm
accuracy of the obtained data.
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Fig. 4. Dependency of the energy intensity coefficient for
breaking rocks k! on the inclined exposure dip ©
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As for limitations to the above mentioned technique,
we suppose that with values of &, less than 0.4—0.5 the
state of exposures and the marginal part of the massif
will be critical due to development of the tension stress
zone in it that may result in high probability of falls. In
such cases stability of a particular exposure should be
additionally checked according [15].

Indices of quality of fragmented ore in concrete con-
ditions with the designed parameters of drilling and
blasting (a diameter of an average blasted ore lump,
oversize yield) can be determined according to the above
mentioned technique by prof. Yu. P. Kaplenko. Howev-
er, these calculations are laborious due to cumbersome
empirical equations describing the dependencies. To
make the calculations more convenient, we have devel-
oped a dedicated computer program enabling rapid gen-
eration of data on basic drilling and blasting parameters
considering both hardness of rocks and their stress-
strain state.

Conclusions. The enhanced methods developed by
prof. Yu.P. Kaplenko that consider the influence of the
stress-strain state of rocks on conditions of their break-
ing can be used for calculating drilling and blasting pa-
rameters for any types of exposures (compensation ar-
eas). The calculations can be performed very quickly
due to a dedicated computer program enabling prelimi-
nary analysis of basic indices of ore breaking (specific
consumption of explosives, ore yield from 1 m of a bore-
hole, a diameter of an average muck lump, oversize
yield). Correlation of the obtained data in some cases
with stability of exposures and rocks to be caved will en-
able avoidance of inaccurate results.

References.
1. Khomenko, O., Kononenko, M. and Myronova, 1.,
2013. Blasting works technology to decrease an emission
of harmful matters into the mine atmosphere. In: An-
nual Scientific-Technical Colletion — Mining of Mineral
Deposits, pp. 231—-235.
2. Fedko, M. B., Kolosov, V.A., Pismennyi, S.V. and
Kalinichenko, Ye. V., 2014. Economic aspects of change-
over to TNT-free explosives for the purposes of ore un-
derground mining in Kryvyi Rih basin. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 4, pp. 79—84.
3. Stupnik, N. and Kalinichenko, V., 2012. Parameters
of shear zone and methods of their conditions control at
underground mining of steep-dipping iron ore deposits
in Kryvyi Rig basin. In: Geomechanical Processes During
Underground Mining — Proceedings of the School of Un-
derground Mining, pp. 15—19.
4. Khomenko, O. and Maltsev, D., 2013. Laboratory re-
search of influence of face area dimensions on the state
of uranium ore layers being broken. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 2, pp. 31—37.
5. Rymarchuk, B.1., Shepel, O.L. and Khudyk, M. V.,
2017. Expediency of application of the vertical concen-
trated charges to decrease losses of ore on a lying wall of
deposits. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, 3 pp. 32—37.
6. Khomenko, O., Kononenko, M. and Myronova, 1.,
2017. Ecological and technological aspects of iron-ore

40

underground mining. Mining of Mineral Deposits, 2(11),
pp. 59—67.

7. Kononenko, M.N., Petlevany, M.V. and Zub-
ko, S.A., 2015. Formation of stress fields in a book-
marking array around the chambers with increasing
depth of mining operations. In: Mining of mineral depos-
its: annual scientific-technical collection, pp. 207—215.

8. Stupnik, N., Kalinichenko, V. and Pismennyi, S.,
2013. Pillars sizing at magnetite quartzites room-work.
In: Annual Scientific-Technical Colletion — Mining of
Mineral Deposits, pp. 11—15.

9. Stupnik, N., Kalinichenko, V., Kolosov, V., Pismen-
nyi, S. and Shepel, A., 2014. Modeling of stopes in soft
ores during ore mining theme. Metallurgical and mining
industry, 3, pp. 32—36.

10. Plevako, V., Potapov, V., Kycenko, V., Lebedynecj, I.
and Pedorych, 1., 2016. Analytical study of the bending
of isotropic plates, inhomogeneous in thickness. East-
ern-European Journal of Enterprise Technologies,
4(7(82)), pp. 10—16.

11. Stupnik, N. and Kalinichenko, V., 2013. Magnetite
quartzite mining is the future of Kryvyi Rig iron ore ba-
sin. In: Annual Scientific-Technical Colletion — Mining of
Mineral Deposits, pp. 49—52.

12. Morkun, V., Morkun, N. and Tron, V., 2015. For-
malization and frequency analysis of robust control of
ore beneficiation technological processes under para-
metric uncertainty. Metallurgical and Mining Industry,
5, pp. 7—11.

13. Kononenko, M., Khomenko, O., Sudakov, A., Dro-
bot, S. and Lkhagva, Ts., 2016. Numerical modelling of
massif zonal structuring around underground working.
Mining of Mineral Deposits, 12(3), pp. 101—106.

14. Morkun, V., Morkun, N. and Pikilnyak, A., 2014.
Simulation of high-energy ultrasound propagation in
heterogeneous medium using k-space method. Metal-
lurgical and Mining Industry, 3, pp. 23—27.

15. Stupnik, N.I., Fedko, M. B., Pismennyi, S.V. and
Kolosov, V. A., 2014. Development of recommendations
for choosing excavation support types and junctions for
uranium mines of state-owned enterprise skhidHZK.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universyte-
tu, 5, pp. 21-25.

BusHaueHHs mapameTtpiB OypomiapuBHUX poOiT
3 YPaxyBaHHSM HaNpyKeHO-1e(OopMOBAHOTO
CTaHy PyAHOTO MACHUBY
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Merta. YaockoHaJeHHSI METOIMKY BU3ZHAYEHHS T1a-
pameTpiB OypoMiIpUBHUX POOIT 3 ypaxyBaHHSIM Ha-
MIpyKeHO-1e(DOPMOBAHOTO CTAHY MACUBY TipCHKUX I10-
pin.

Metomuka. I3 3acToCyBaHHSIM aHAJIITUYHOTO METO-
Iy OOCIIIKEHb Ta IUISIXOM MaTeMaTUIHOTO MOIEIIO-
BaHHS i3 3aCTOCYBaHHSM METONY KiHIIEBUX €JIEMEHTIB
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BU3HAUYCHA 3aJICKHICTD BIUTUBY KyTa HAXWITy TIOXVJIOTO
OTOJICHHST Ha HaIIpy:KeHO-1e(OPMOBaHUI CTaH MacH-
BY, 1110 IiaJisira€ 0OBaJIeHHIO.

Pe3ynbTaTi. 3anmpornoHoBaHa METOAVKA BUSHAYCH-
HsI KoeillieHTa eHEPrOEMHOCTI BimOifiK1 TipChKUX 10~
pin rpu oOBaJeHHI MacUBY Ha TOXWJIE OTOJIEHHSI, 110
Jla€ MOXJIMBICTh ypaXOBYBaTU KyT MOro Haxuiy. 3a-
MPOMOHOBAaHI OOMEXEHHSI CTOCOBHO pPO3paxOBaHUX
YyrCceJbHUX 3HAaYeHb BUIIE3a3HAUYEHOTO KoedillieHTa.

HaykoBa noBusHa. HaykoBa HOBU3Ha moJisirae y
MOXJIMBOCTI BU3HAYEHHS YMCEJIbHUX 3HaUeHb Koedi-
LiEHTa EHEPTOEMHOCTI Bi10OIMKY ripChbKOro MacuBy, 110
BpaxoOBYe HOro HampyKeHo-IedopMOBaHMIT CTaH TIPU
OOBaJieHHI Ha MOXWJE OTOJIeHHS (KOMITeHCALiAHUIA
TPOCTIP) 3 ypaxyBaHHIM KyTa HOro Haxuiy. 3arpoIio-
HOBaHO 0OMEXKYBaTH Iialla30H OTPUMAaHUX YHMCETbHUX
3HavYeHb JaHOTro KoedilieHTa mpu BigoOilili MacuBy Ha
Oynb-sIKUIA TUIT OTOJIEHb.

IIpakTHuna 3HaunMicTh. MOXIIMBICTH KOPUTYBAHHS
napameTpiB Oypo-TiAPUBHUX POOIT Yy 3aJ€XKHOCTI Bil
3MiHEHHSI Hanpy>XeHO-1e(OPMOBAHOTO CTaHY PYIHOTO
MAacuBy MpU HOro oOBajeHHiI Ha OyAb-SIKUIA TUI Oro-
JIeHHS1 (TOPU3OHTAJIbHE, BEPTUKAIbHE ab0 TMOXWUIE).
CTBOpeHa crieliajaizoBaHa KOMIT I0TEpHa IporpamMa, 1o
TIO3BOJISIE OIIEPATUBHO OTPUMYBATH 3HAYCHHSI OCHO-
BHUX IapaMeTpiB Oypo-HiApuBHUX POOIT ISt KOHKPET-
HUX YMOB Ta aHajli3yBaTU IPOTHO3HI 3HAUYEHHSI SIKOCTI
NOAPIOHEHHS MAaCUBY, LLIO MiAJISITa€ OOBAJIEHHIO.

Kmouosi cnoBa: napamempu 6ypo-niopuenux pobim,
HanpyceHo-0eqopMoBaAHUL CMAH MACUBY

Onpenenenne napameTpoB 0YPOB3PbIBHBIX
pabdoT ¢ y4eToM HanpsiKeHHO-
1eOPMUPOBAHHOTO COCTOSIHUS PYAHOTO
MaccuBa
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Heab. CoBepliiieHCTBOBaHWE METOAUKHU OTpesese-
HUSI TapaMeTpOB OYPOB3PHIBHBIX PabOT C y4eTOM Ha-

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 1

MIPsDKEeHHO-1e(hOPMUPOBAHHOTO COCTOSTHHS MacCHBa
TOPHBIX ITOPOI.

Metomuka. C HCIIOIb30BaHMEM AHAIUTUICCKOTO
MeToaa UCCIeIOBaHMI U IyTeM MaTeMaTUIECKOTO MO-
TIeJIMPOBAaHUS METOIOM KOHEUYHBIX 3JIEMEHTOB OIlpe/ie-
JIeHa 3aBUCUMOCTb BJIMSIHUS yIJIa HAKJIOHA HAKJIOHHO-
ro OoOHaXXeHMsI Ha HaIpsSLKeHHO-IethOopMUPOBaHHOE
COCTOSTHHE MacCUBa, MOJIEXAIEero OOPYIICHUIO.

Pesyabratbl. [1peaioxeHa MeTonuka ornpeaeaeHus
K03 PUIIMEeHTa SHEPTOEMKOCTH OTOOMKI TOPHBIX TT0-
PO TIpK OOPYIIEHNW MacCHBa Ha HAKJIOHHOE OOHaKe-
HHE, KOTOpas JacT BO3MOXKHOCTh afeKBATHO YIUTHI-
BaTh yroJl HaKJIOHA OOHAXXCHMSI TIPU KOPPEKTUPOBKE
ImapaMeTpoB OypOB3PBIBHBIX paboT. I[lpemroxkeHsl
OTpaHUYCHMS TI0 PacueTy YMCICHHBIX 3HAYECHUI KO-
3 PuULIMeHTa SHEPTOEMKOCTUA OTOOMKM.

Hayunas nosusna. HayyHast HoBU3Ha 3aKJIt04aeTCs
B BO3MOXHOCTH ONpeneeHUs] YMCICHHBIX 3HAYEeHUI
Ko PUILIMEeHTa 3HEPTrOEMKOCTH OTOONWKU TOPHOTO
MacCuBa, YYUTHIBAOIIETO €r0 HATIPSKEHHO-1e(hOpPMHU-
POBaHHOE COCTOSIHME TIPU OOPYIIEHWH Ha HaKJIOHHOE
oOHaxeHUe (KOMIEHCALIMOHHOE TIPOCTPAHCTBO) C
yJeToM ymiia ero HakioHa. IIpemioXXeHOo orpaHndu-
BaTh OMAIla30H ITOJTYYCHHBIX YMCICHHBIX 3HAYCHUU
IaHHOTO Ko3((uImeHTa MpW OTOOIKe MaccuBa Ha
1100011 TUI OOHAXKEHUT.

IIpakTuyeckas 3HaYMMOCTb. BO3MOXKHOCTb KOppeK-
TUPOBKU MapaMeTpOB OYPOB3PBIBHBIX padOT B 3aBUCH -
MOCTU OT M3MEHEHUs HampsKeHHO-Ie(hOopMUpOBaH-
HOTO COCTOSIHUSI PyIHOTO MacCHBa IPU €ro oopyiie-
HUM Ha JII00OH TUM oOHaXeHusl (TOPU3OHTAIbHOE,
BepTUKaJbHOE UM HakJoHHoe). Co3gaHa crienuanu-
3UpOBaHHask KOMITBIOTEpHAsT IIPOrpaMma, KOTopas Io-
3BOJISICT OITEPATHUBHO ITOJIyYaTh 3HAYEHUS OCHOBHBIX
ImapaMeTpoOB OYpOB3PBIBHBIX Pa0OT IS KOHKPETHBIX
YCIIOBUIT I aHAIM3MPOBATh IIPOTHO3HBIC 3HAUCHMS Ka-
yecTBa APOOJICHUST MACcCHBa, IMOUICKAIIETO OOpYyIIe-
HHUIO.

KimoueBble cioBa: napamempovl 0ypo83pbléHbIX pa-
bom, HanpsaiceHHO-0eopMUPOBAHHOE COCMOsHUE Mac-
cuea

Pekxomendosano 0do nybaikauii dokm. mexH. HAyK

H. 10O. Illgacepom. Jlama  HaodxoddxcenHs  pykonucy
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