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PROGNOSIS METHOD OF THE ZONAL FAILURE STRUCTURE
PARAMETERS NEAR THE DEEP OPENINGS

A method of mathematical determination of the model parameters of rock mass zone
destruction in the conditions of great depths has been developed as a result of experiments with rock
samples. The characteristics of zonal destruction have been predicted, the Nikolaevskoye deposit of
the Primorsky Territory providing an example. The hierarchical levels of deformation and
destruction of rock and a way of transition from a level of the sample to a level of a rock mass are
presented as well.
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MeTtoa NMpPOrHO3MpPOBaHUSI MapaMeTPOB MOJeJIM 30HAJbHOH CTPYKTYPbl pa3pylueHHs
MaccuBa BOKPYI BbIpa0doTOK Ha Goubwioii riayomHe. MakapoB Bnagumup BrnamgumupoBuu —
I.T.H., npogeccop, l'omocoB AHnpeil MuxaiinoBuy, HHXEHEp, Kadenpa TOpHOro Jeila u
KOMIUIEKCHOTO OCBOEHUs reopecypcoB MnxenepHoii mxonsl, Kcenazenko Jlronmuna CrenanoBHa,
K.p.-M.H., nomeHT kKadenpsl anredpsl, reomerpun u aHanu3a [lIkompl ecTeCTBEHHBIX HayK
(JanpHeBocTOUHBIN (enepanbHbIi yHUBEpCUTET, BiiaquBocToK).

Merton omnpeneneHus mapaMeTpOB MaTEMaTHYECKOM MOJENM 30HAIBHOIO pa3pyLICHHs
MaccHBa FOPHOM MOPOABI B YCIOBUAX OOJBIIMX IITyOWH pa3paboTaH HAa OCHOBE SKCIIEPUMEHTOB C
obpasuamu ropHsix nopoa. Ha mpumepe maccuBa mopon pyaHuka HukomaeBckuit I[Tpumopckoro
Kpasi TPOTHO3UPYIOTCA XapaKTEpUCTHKU 30HAJIBHOrO paspylieHus. s mepexona ¢ ypoBHSA
o0paslia Ha YpOBEHb MOPOJHOIO MAacCHUBA BBOJSATCS HEpapXHUECKUE YPOBHHU JIe(EKTHOW Cpensl,
MOJIETTUPYIOLIEH MacCUB FOPHBIX MOPO.

Knrwouesvie cnoea: 30HaNIBbHOE pa3pylllEeHUWE, CHJIBHO CKaTblii TOpPHBIM  MacCuB,
uepapxuueckue ypoBHH, 00pasiibl TOPHOM MOPO/IBI.
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Zonal failure problem and the mathematical model development of this phenomenon is very
important task of the up-to-date Geomechanics. Rock mass in condition of high stress can be
described as defect media in far from thermodynamical equilibrium conditions [1]. Boundary task
about the stress displacement around the opening at high depth can be analyzed as plane and
stationary with the destruction of incompatibility, incompressibility and hydrostatic conditions of
loading on infinity.

In these assumptions the radial normal stress o, and tangential normal stress o, in rock

mass around the circular form opening can be described by the equations [1, 4]:
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where o, is gravity stress, MPa; r, is opening radius; r is distance from the openings center to
the measurement place in rock mass; JO, J1, Y0, Y1 KO, K1 is Bessel, Neiman and Macdonald
functions zero or first order correspondevely; E is Young modules; v is Poisson ratio; y,c are the
parameters of mathematical model of the zonal failure of high stressed rocks.

Parameter ¥ can be determined in procedure of statistical analysis of the natural research
results of zonal failure process in deposits of Russia (Far Eastern part, Siberia, Donbass) and China.

There was determined linear character of dependence between relative distance from opening
counter to middle point of the first failure zone and uniaxial strength of the rock:

r*/r, =0,00830, +0,748. o)

Relationship between parameters y and r*/r0 is linear too:

7€ /0 =-10€+/r, 323, 3)
here r*,m — distance from opening contour to middle point of the first failure zone which have

been achieved from experimental data.

Rock mass is shown as hierarchical block media [3, 6, 8, 9]. When the physical character of
failure on the neighbor levels are in the same way, the macrodefect size of the lower level can be
determined as mesodefect of the correspondevely higher level [3, 8]. So this low is reflected in the
conservation shear-tensile character of the rock failure on the neighbor levels of samples and mass
in condition of the high stress [5].

Algorithm of the mathematical model parameters determination consists in the next steps:

1. After the rock sample strength researches the limit of strengtho ., limit of residual

strength 0 .., Young modules E and Poison ratio vV are determined. Then by using of the formula

res’?

(3) the emplacement of the first failure zone middle point r*/ro can be find. And after the

substitution this data in analytical equation (2) the first correction parameter of the mathematical
model y can be determined.
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2. The maximum diameter of the rock sample minerals 05 and maximum mesocrack
discloser h, =d, are determined. Support of these parameters, the minimum half-length of the

tensile mesocrack I e, = 2,5—5 dpax. IS Calculated.
3. On rock sample research deformational curves the parameters of prefailure stage are
determined: Ex= v P, where EX"™ =0,3-0,7 E, 6P= 0,.-0", and deformations data after

sample ? sample
the threshold of dilatancy. These parameters are used in the stress intensity factor of the rock
sample mesocrack calculation.
4. Determination of the critical half-length of tensile macrocrack in sample by the formula:

L = h.E and the stress intensity factor of the rock mass is calculated by the formula:

K= =y,-0 -l -

5. After that both stress intensity factors of rock sample and rock mass are writing in equation of
equality and parameter of the model “C” is determined as result of the calculation.

The developing method had been applied to the problem of zonal failure in ore mine
Nikolaevskij (Dalnegorsk, Russia). Forecasting depth of the cracking zone development is shown
on Table.

Forecasting depth of the zonal failure development in ore mine Nikolaievsky

Number of failure zone I ] Il v
Relative critical stress of zone formation 1,3 2,3 29 3,3
Depth of zone appearance, m 520 920 1160 1320

Amplitude parameter “C” is depending from the modulus of deformation and Poison ratio of
the rock mass (Fig. 1).
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Fig. 1. Relationships of the model amplitude parameter with the deformation modulus E
and Poison ratio v in condition of the different number of rock mass failure strength:
1-Kic=1,5MPa-m"’ 2 -K,c = 2,0 MPa-m"?, 3 -Kc = 2,5 MPa-m"?
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The precision of correlation between theory and experiment have been estimated after
comparison the results of native measurement of the radial displacements near the openings on high
depth (Nikolaevskij ore mine) with the model calculation results (Fig. 2). There were determined
that difference between forecasting and measuring data no more than 50% in the fore radius field
around the opening.
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Fig. 2. Comparison between theory (1) and experiment (2) data of radial deformations
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Conclusion

The method of mathematical model parameters of zonal failure near the deep openings
determination had been developed. A fool quality and good quantity correlation between theory
forecasting and experimental research had been achieved.

The paper was supported by the grants FPP Ne 14.A18.21.1980, N 7.8652.2013 and “Scientific
Found” of Far Eastern Federal University (Russia, Vladivostok).
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