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Abstract
Relevance. The development of numerical and analytical methods of assessing ore in place dynamic
overload from quarry blasting impact is due to the need to improve the reliability of underground mines
stability analysis.
Research aim is to assess the effect of blasting at surface mineral workings on underground mines
stability and safety.
Research methodology includes the numerical and analytical analysis of dynamic stress within ore in
place containing underground mines based on the boundary integral equations method in spatial
formulation.
Research results. Under conditions of dynamic impact made by quarry blasting, the stability
of underground mines may be preserved by means of strengthening the support through bolting with
reinforced concrete roof bolts.
Summary. The proposed method makes it possible to adjust the value of underground mines factor
of safety with the account of the dynamic impact made by quarry blasts.

Key words: mechanical earth model; seismic effect; stress state; stability; blasting; opencasting;
underground mining; software.

Introduction. In the course of combined surface and underground mining, quarry
blasts impact the stability of multiple-use underground mines and pillars. Under certain
conditions, seismic effect of quarry blasting results in breakdown and lower efficiency
of mining. In this regard, numerous Russian and foreign specialists call attention to the
need for in-depth study of dynamic processes impact on mining safety [1-11].

The assessment of the produced by quarry blasting seismic effect on underground
mines should be assessed along with obligatory analysis of the following factors: spatial
location of ore in place affected part, mine workings, non-uniform geology of rock
mass and pillars, and voluntary arrangement of natural and/or man-induced seismic
events foci. In order to solve these problems, Russian special-purpose software package
called PRESS 3D URAL has been used which includes Energy software seismic pack.

Research methodology. The works by Russian and foreign specialists in the in-
depth study of dynamic processes impact on mining safety have become the
methodological framework of the present research. The research framework is made up
of the procedure for setting boundary conditions for underground mining impact
registration, boundary element method (BEM) of PRESS 3D URAL software numerical
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and analytical unit [12], and the procedure for assessing the stability of excavations
located within stoping zone of influence (stability criterion K [13] for orebody and
pillars stressed-strained state assessment). The research provides the assessment of the
effect produced by blasting at surface mineral workings on underground mines stability
and safety using software.

Analysis and discussion. In order to build a 3D mechanical earth model (MEM) of
an orebody, in PRESS 3D URAL program, grid reference of geological plan image is
fulfilled with further automatic construction of the orebody’s generalized block model
(fig. 1 and 2). As a result, the database of the 3D orebody is built up consisting of
particular independent cells, for further application in the course of MEM construction.
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Fig. 1. Scheme for assessing the impact of quarry blasting on underground mining
Puc. 1. Cxema K OLIEHKE BIMSHUS IPOM3BOACTBEHHBIX B3PHIBOB B Kapbepax Ha
TI0/I13eMHBIE TOPHBIE PAOOTEI

In order to build a MEM, particular physical and mechanical properties are assigned
to each cell of orebody’s 3D model: modulus of elasticity, Poisson’s ratio, compressive
strength, and the data on relief well parameters (man-induced gap thickness). The
procedure is automatic with grid reference and further values interpolation in 3D model
cell. As a result, the initial MEM of orebody is created.

After a 3D MEM is built, a mine and technological model is constructed, for
instance, with the use of a mine map. For that purpose, cells of orebody’s 3D MEM are
projected onto the mine map. As a result, the mine map is covered with a particular
electronic grid of flat rectangular cells. Meanwhile, each flat element displayed on the
screen remains three-dimensional in MEM; this condition is taken into account in
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calculations. Within the electronic grid, particular color, e. g. green, is assigned to the
cells belonging to ore in place; the remaining elements identified by PRESS 3D URAL
program as belonging to the goaf are transparent elements of the grid. The mine map is
eventually covered with the grid of elements belonging to the ore in place and goaf;
each element has database connection and unique properties. In accordance with a
particular rule, boundary conditions are automatically established in elements belonging
to the goaf in the form of superimposed stress relieved from the lying wall.

Innovative approach implemented in PRESS 3D URAL program makes it possible
to promptly build 3D mechanical earth models for a particular mining process flow
chart. Finally, over a short period of time it is possible to create a substantial number of
alternate designs, for instance, corresponding to different mine map layouts.

After the mechanical earth model of the site is built, the required stress, strain, and
displacement component is calculated both in the elements of ore in place within the
mine map and at any random distance from the orebody within the rock mass.
Calculation result may be exported to AutoCAD systems.

Orebody marginal part stability in the course of underground stoping expansion is
assessed regardless of seismic activity effect based on the procedure for assessing the
stability of excavations located within stoping zone of influence (stability criterion K).
When calculating and selecting excavation support method and type, rock classification
based on the design value of stability criterion K (construction rules and regulations
SNiP 11-94-80) is used, developed by MMC Norilsk Nickel specialists and applied in 8
Russian mines.

According to the obtained research results, rock stability criterion is calculated from
the condition:

K, K,yH ((cos o)’ + % (sin a)zj
—H

K = H
RK KK K,

where K, is the coefficient of stress concentration in the excavation contour defined
with the use of PRESS 3D URAL; KX, is the coefficient of excavation width impact on
rock contour stability; y is superincumbent rock density, MPa/m; H is the depth of
mining, m; o is a bedding angle of the orebody, degrees; p is Poisson’s ratio; R is the
mean value of rock linear compression strength in a sample, MPa; K is the influence
coefficient of incidence angle ¢ between the axis of excavation and the most advanced
fracture system; K, is the coefficient of stress rupture; K, is the coefficient of rock
mass structural weakening; K, is blasting impact factor.

Actual stress field at the contour of excavation is characterized by the stress
concentration factor defined by the formula:

K = =10+ Ogyppg » (1)

where G 15 the vertical superimposed stress concentration factor from stoping
impact, determined with the use of PRESS 3D URAL.

Let us consider an example of K calculation for the following input data (hor. —200 m):
vertical superimposed stress concentration factor Ggper in point 4 of variant no. 1
(fig. 3) determined with the use of PRESS 3D URAL software taken to be equal to —0.7;
depending on rock quality, K coefficient of rock mass structural weakening is taken
to be equal to 0.8; the value of the coefficient of excavation width impact on
rock contour stability is estimated according to the procedure. Under & = 4.0 m
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and K = 0.8 then K, = 1.02; superincumbent rock density y = 0.026 MPa/m;
excavation depth H = —200 m; orebody angle of dip a = 0 degrees; Poisson’s ratio
p=0.3; mean value of rock linear compression strength in a sample R =40 MPa =400 kg/cm?;
under K = 0.8 then K = 1.1 according to the procedure; under ¢ < 5 years,
the coefficient of stress rupture K, = 1.0 (construction rules and regulations SNiP I1-94-80);
K, factor which accounts for linear compression strength variation under dynamic
impact, is recommended to be taken equal to 0.85.
Given these considerations, let us determine rock stability criterion:

0.3
1-0.3

(=1+(=0.7))-1.02-0.026 - (—200)((cos 0)° + - (sin O)ZJ

K: =0.3

40-1.1-1.0-0.8-0.85

The stability of ore marginal part under K = 0.3 is ensured by using sprayed concrete
support [13].
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Fig. 3. Distribution of gypgr over the block mechanical earth model
Puc. 3. Pacnipenenenue G, 0 OJI0YHOI reoMeXaHHIeCKOH MOJISITH

Computer simulation of ore stress-strained state with the account of quarry
blasting impact (seismic effect) on underground mining. The value of the released
elastic (seismic) energy, J, may be determined from the expression:

2 N
A9total = { 2(1 +EVP)TmaX A0 Z Si J : 106, (2)
P i=1

where v;, is the Poisson’s ration for a cell; £, Young modulus of elasticity for a cell,
MPa; t_, is maximum shear stress in contact strength certificate, MPa, the values of
T,., are determined with the use of Kelvin’s solution; A is crack width in rock under
dynamic impact, A, = 0.005 m; S, are the areas of cells with shifts caused by the action
of a blast, m?; N is the number of cells with recorded shifts.

By transforming expression (2), it is possible to determine the areas of shift and
dynamic overload values in the rock mass under various values of blasting seismic
energy (table 1, fig. 4).
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Shift area S, m?, under the value of blasting seismic energy £, J, is determined in
accordance with the GITS procedure [14].

The regularities of dynamic stresses concentration coefficients distribution in the
orebody’s elements (in parts yH, y = 2.6 t/m3; H = 200 m), caused by the action of
quarry blasting in shot point no. 3, under explosion energy £ = 105 J; E = 10° J,
E=107J; E=108], are shown in fig. 4.

Table 1. Determining the area of shift in the rock mass caused by the action of a quarry blast
Ta6muna 1. OnpenesieHne NJIOIAAN MOABMKKH B MacCHBE TOPHBIX MOPOJ OT JeiiCTBHS B3pbIBa

Ha Kapbepe
Shot Shift area Syin, m’, under the value of blasting seismic
point X, m Y, m Z, m energy £, J
number 10° 10 107 10
3 750 1,200 0 22,486 85,486 359,077 1,588,400

Assessing orebody marginal part stability in the course of underground stoping
expansion with the account of quarry blasting impact (seismic effect) on
underground mining. In order to assess the stability of underground mines with
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Fig. 4. Distribution of dynamlc stresses concentration coefficients in the orebody’s elements (in
parts yH, y = 2.6 t/m’; H = 200 m), caused by the action of quarry blasting in shot pomt no. 3
Puc. 4. Pacnipenenenne Koa(b@HuHeHTOB KOHUCHTPAINH JHHAMIIECKHX HAIIPSDKCHUH B 2JIEMEHTaX
pyaHO# 3anexu (B noisx yH; y = 2,6 /™, H =200 M), BO3HHKAIOIINX OT BIUSHUS B3PHIBHBIX
paGOT Ha Kapbepe B myHKTe Ne 3

the account of quarry blasting impact, similar procedure is applied [13]. In this case,
vertical superimposed stress concentration factor 6, used in formula (1) should be
taken with the account of seismic event’s impact caused by the quarry blast.

Let us consider an example of K calculation with the account of seismic event’s
impact for the accepted input data (hor. 200 m): dynamic stress concentration factor
Ogyuppr 1 shot point 4 (determined with the use of Energy modulus of PRESS 3D
URAL software) is taken for the condition of blasting in shot point no. 3 with energy
E=107]J equal to —1.65.



ISSN 0536-1028 «H36ecmus 8y3086. Topnuvii ocyprany, Ne 2, 2021 11

The remaining input data are taken similar to the one contained in variant 1:

0.3
1-0.3

(=14 (=0.7) + (=1.65)) -1.02 - 0.026 - (—200) ((cos 0)> + -(sin 0)2)

K= =0.6.

40-1.1-1.0-0.8-0.85

According to instruction data from technique [11], under K = 0.6 and if taking into
account the impact made by the quarry blast, the stability of ore marginal part is ensured
by means of bolting with reinforced concrete roof bolts.

Summary and scope of results. In the course of geomechanical assessment with
the use of PRESS 3D URAL, the following work has been done: 3D mechanical earth
model creation; computer simulation of the stress-strained state of ore without regard
to the impact of seismic activity caused by quarry blasting; computer simulation of the
stress-strained state of ore taking into account the impact of quarry blasting (seismic
effect) on underground mining; assessment of ore marginal part stability under
underground stoping expansion with the account of quarry blasting (seismic effect) on
underground mining. Activities on supporting the works have been developed with the
account of the dynamic impact made by quarry blasting.
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OueHka celicMMYeCKOro BO3/1eiicTBUS MIPOMbIILIEHHBIX B3PbIBOB,
NMPOU3BOAMMBIX NMPH BeleHNH OTKPbITHIX FTOPHBIX PadoT,
HA COCTOSIHUE MOA3eMHbIX BHIPA0OTOK ¢ MPUMEHEHUEM POrPaMMHOI0
odecneyenusi PRESS 3D URAL

Koaranos A. B.!, Cunopos /1. B.!
I Cankr-TletepOyprekuit ropubiii yausepcuret, Cankr-IletepOypr, Poccus.

Pegpepam
Axkmyansnocmo padomol. Pazeumue YUCIEHHO-AHATUMUYECKUX MemMO008 OYEHKU OUHAMUYECKOU
npuepysKu pPyoH020 MACCUBa Om 6030€liCmeUs 3pblé08 HA Kapbepe CEA3aHO ¢ HeoOX0OUMOCHIbIO
nOGblUleHUs 00CMOBEPHOCMU NPOSHO3A YCMOUYUBOCTNU NOO3ZEMHBIX 20PHBIX 8bIPAGOMOK.
Llenvio pabomour s6nsemcs OyewKka 6GIUAHUSL G3PBIGHLIX pPAOOM Npu OMKPuIMOU pazpabomke Ha
VCMOUYUBOCMb U COXPAHHOCHb NOO3EMHBIX 2OPHBIX BbIPABOMOK.
Memoo uccnedosanusn. Yucnewno-amanumuueckuti pacuem OUHAMUYECKUX HANPANCEHULl 6 PYOHOM
maccuge, 8KuI0YAOUeM NOO3EMHbIe 20PHbLE 8bIPAOOMKU, HA OCHOBE UCNONb306AHUSL MEMOOd 2PAHUYHBIX
UHMESPATLHBIX YPAGHEHUT 8 NPOCMPAHCMBEHHOU NOCHAHOBKE.
Pezynomameut  uccnedosanus. B yciosusix Ounamuueckoco 6030elicmeus 63pbl608 HA  Kapbepe
YCMOUUUBOCTb NOO3EMHBIX GbIPAOOMOK MOodcem Oblmb COXPAHEHA NymeM YCUleHust Kpenu 3a cuem
NPUMEHEHUs. AHKEPHO2O KPENLeHUs! JiCele300emOHHbIMU WMAaH2AMU.
Bu1600. [Ipumenenue npednodiceHHo20 Memooa no360sen CKOppeKmuposams 3Havenue Koagguyuenma
VCMOUYUBOCTNU NOO3EMHBIX 20PHLIX 6bIPAOOMOK C VUemOM OUHAMUYECKO20 B030€liCMEUs 83pbleo8 8
Kapwepe.

Knrouesnvle cnosa: zeomexanuueckas mMooeinb, CEUCMUYECKOE 8030CUCMEUE, HANPINCCHHOE COCMOHUE,
YCMOUYUBOCb,  G3DbIEHbIE PAOOMbl;, OMKPLINble 20pHblE PAdOmbL, NOO3EMHbIE 20PHbIE PAOOMbL;
npozpammHoe obecneuenue.
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