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CONDITIONS OF THE OVERLAYING STRATUM
COLLAPSE WITH OUTCROP DURING
REMINING THE ZHAMAN-AYBAT DEPOSIT

Abstract. The paper presents the results of studying the stress-strain state of the overlying rock massif in the room-and-pillar mining system with subsequent extraction
of inter-chamber pillars at the Zhomart-2 mine. Calculations have been modeled using the RS2 program with the worked-out space width of 100 m, 150 m, 200 m, 300 m,
350 m and 400 m. The obtained data have been compared with the results of seismic exploration. Having compared the results of modeling the collapse of the overlying
strata above the areas of remining with the results of seismic exploration, it has been concluded that they have practical similarities, and this model can be used for further
modeling to determine the conditions for the complete undermining of the overlying strata of the earth’s surface and to identify the pattern of formation of the collapse arch
from the equivalent span of undermining.
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/KamaH-Aii0aT KeH OPHBIH KeH OPHBIH KalTa OHAIpy Ke3iH/ie Jkep 0eTiHe MIBIFATHIH iprejiec KaJbIHABIKTHIH ONBIPbLILY

mapThbl

lea'ma. Makanasa XKomapr-2 keHilui xaraiibiHIa KeH i OipiHII Ke3eKTe KaMepasbl OaFaH bl Ka3y KyieciMeH OH/IIpi, )KoOHE eKiHII Ke3eKTe KeHTIpEKTepAi KaTa
Ka3blll alFaHHAH KeHiH KeHIIOFBIP/IaH XKOFaphl XKaTKaH Tay)KbIHBIC KaOATBIHBIH KepHEYIeHINn-aedopMalmsiany KyiiH 3epTTeyaiH HoTmkeepi kearipinreHn. Ecenreynep
RS2 GarmapramachIHbIH KeMeriMeH onjipiareH keHicTikTiH eni 100 m, 150 m, 200 M, 300 M, 350 M sxone 400 M xarmaiinapbl MOJEIBICH/II, COHBIMEH Oipre ajblHFaH
JIepeKTepii ceficMMUKaIbIK Oapiay HOTHKENEpiMEeH calbICThIpy Kyprisimui. Kaiira enipy ydyackenepiHiH yCTiHJEri KaOaTThIH KyjlayblH MOJCIBJCY HOTHIKENIEPiH celc-
MHUKAJIBIK Oapiay HOTH)KEeIePIMEeH CallbICThIPa OTBIPBII, OJap/IbIH PAKTHKAIBIK YKCACTBIKTAPhI 0ap JIereH KOPBITHIH/IBI )KacayFa 00a il )KoHe OYJ1 MOJICITbI JKep OeTiHiH
TOJIBIK OHIPITy MIAPTTAPBIH aHBIKTAY )KOHE SKBHBAJICHTTI apajbIKTaH OMbIPbLTY KyMOe3iHiH maiia 601y 3aHIBUIBIKTAPBIH aHBIKTAYy MaKCaThIH/AA OaH dpi MOJEIIbACY YIIiH
naligananyra 6omasl.

Tyiiindi ce30ep: maysxcoiHbicmap Maccusi, coipey b6em, moavlk Omvlpy, KeHi aiblH2aAH KeHicmik, deghopmayust, CAHObIK MOOeTboey, mene-meHoiK uamuipbl, Cbipey.

Ycii0BHe 00pylIeHHS HAJIEral0Lei TOIIIH ¢ BHIX0I0M HA NOBEPXHOCTH IPH MOBTOPHOM pa3padoTke MeCTOPOK/IEHHUS

Kaman-Aiidar

AHHoTammsl. B cratbe mpHBOAATCS pE3ynbTaThl HCCIEAOBAHMS HANPSDKEHHO-AS(OPMHUPOBAHHOTO COCTOSHHS HAaJETalolel TOJIIM HOPOA MPH KaMepHO-CTOI00BOH
cHcTeMe Pa3pabOTKH C TOCIISYIOINM H3BICUCHHEM MEKIyKaMEePHBIX LIEIUKOB Ha pyaHuke JKomapr-2. PacueTs! 171 TOPHO-TeOIOrNUECKUX YCIoBHi pyanuka XKomapr-2
OBLTH CMOJICTHPOBAHBI € TIOMOIIIBIO TIporpaMmbl RS2, nipu mupuHe BoipaboTanHoro npocrpadctea 100 m, 150 M, 200 m, 300 m, 350 M 1 400 M 1 IPOBEICHO COIOCTABICHHE
MOJIYYCHHBIX JAHHBIX C Pe3yJIbTaTaMu celicMopa3Beku. CpaBHUB Pe3yIbTaThl MOAEINPOBAHUS OOPYIICHHS HAJICTAIOIeH TOMIIH HaJl yIaCTKAMH TOBTOPHBIX OTPabOTOK C
Ppe3yJIbTaTaMy ceHCMOpPa3BEIKH, MOXKHO CENATh BBIBOJI, YTO OHH HMEIOT ITPAKTHYECKOE CXOJCTBO, M JaHHAsl MOJIENIb MOXKET OBITh HCIIOIb30BaHa IS TATbHEHIIIEr0 MOJICIIH-
POBaHUSI C IIEJIBIO ONPEJIETICHNUS YCIOBHUS ITOTHOH ITOAPAOOTKY HAJIEraloIei TOJIIM 3eMHOH ITIOBEPXHOCTH U BBISIBICHHS 3aKOHOMEPHOCTH 00pa30BaHus CBOJA OOpPYIICHHS
OT HKBUBAJICHTHOTO IIPOJIETa ITOAPAOOTKH.

Knroueswle cnosa: maccus 2opnvix nopoo, nOGEPXHOCMb CKOIbICEHUS, NOIHA NOCAOKA, 8bIPABOMANHOe NPOCMPAHCME0, deopmayusl, HucieHHoe MOOeIuposanue,

€800 ecmecmeenHo2o pasHoeecus, cosudicenue.

Introduction

Since the ore reserves of the Zhomart-1 section of the Zha-
man-Aybat deposit are being developed using the old techno-
logical parameters of the room-and-pillar mining system, the
reserves in the left pillars are currently being re-developed. At
the same time, since the Zhomart-1 deposit has very few min-
able reserves, the main promising area is the Zhomart-2 depos-
it. Here, deposits 5-111, 4-111, 4-1I1, 3-1V are being developed; if
they are established in geological order, they are called geolog-
ical calculation block 56-C2 [1]. Geological calculation block
56-C2 is located on the eastern (upper) flank of the Zhomart
mine field at elevations of -95...-100 m. The occurrence depth
is H=460 m. The thickness of deposits 4-I, 3-VI varies from 2
to 14 m. The occurrence of deposits is almost horizontal. The
aim of this work is to provide geomechanical support for the
efficient and safe mining of panels 21, 22, 23.

The estimates of the natural stress field at the Zhomart mine
are given in [1, 2]. According to them, on the eastern flank of
the deposit, the maximum tectonic stresses g, = 1.6yH act with
the azimuth of 108° <> 288°. In the perpendicular direction,
there act minimum horizontal stresses a; = 0.9yH.

The work carried out to determine the collapse zones of
the overlying strata using seismic exploration technologies
helped to understand the idea of the deep structure of the
rock massif at the Zhomart mine [3]. This work also provid-

Topnwvii srcyprnan Kazaxcmana Ne8’ 2024

ed all the necessary data on the actual positions of the col-
lapse zones above the pillars worked out by repeated mining
to understand the process of collapse of the overlying strata.
Summarizing, it can be said that as a result of the analysis
of the seismic materials of the CDPM-2D have been used
within the Zhomart mine site, structural data have been ob-
tained for the studied depth interval (400-800 m). The in-
formation presented in the dynamic interpretation makes it
possible to identify tectonic deviations and structural floors
that have been identified based on seismic exploration data.
As a result of studying the seismic observation data, the
information has been obtained of the zones where the col-
lapse occurs that have qualitatively been distinguished [4].
Then, by means of the BABO method, by superimposing
the curved lines of the sliding surfaces on the geological
sections, deformation zones have been identified in the
overlying strata on the worked-out panels 1, 39, 40, 41, 42,
43 of deposit 4 — I [5], and compared with the results of
seismic exploration (Table 1) [6]. The width of the required
space that ensurs complete subsidence of the earth’s sur-
face during the caving of the ore at the depth of 430 m, is
394 meters. This means that H<1.09L»s or L>>H/1.09 [7].
Thus, it turns out that the arch parameters determined by the
BABO method and the values obtained from the results of
seismic exploration coincide.
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Table 1
Collapse zones identified by the seismic exploration data
Kecme 1
Ceiicmuxanslx, 6apnay oepekmepi 60iblHUIA 0OIIHZEH KYNAy AUMAKMApbl
Taonuya 1
30Hbl 00pYUIEen UL, 6blOETEHHbIE NO OAHHBIM CEUCMOPA36E0KU
No Panel number Profile pickets Absolute elevation mark of the Subsidence amplitude, m
collapse zone, m
Profile I1
1 | Panel 49-51 1050-1120 -195 9
2 | Panel 47-48 1154-1203 -119 9
3 | Panel 47-48 1178-1217 40 10
4 | Panel 44-46 1215-1280 -124 8
5 | Panel 43-45 1252-1338 -58 14
6 | Panel 42-44 1297-1370 -158 7
7 | Panel 42-44 1300-1365 41 9
8 | Panel 42-43 1376-1450 -250 10
9 | Panel 39-40 1376-1452 -249 9
10 | Panel 39-41 1400-1470 -122
11 | Panel 2-39 1480-1532 -123 5
Profile 111
12 | Panel 61-64 986-1200 -40 14
13 | Panel 64 1150-1237 -113 6
14 | Panel 61 1151-1215 108 4

Research methods

In this paper, numerical modeling has been performed to
verify the results of seismic exploration and BABO methods,
as well as to determine deformation zones in the upper layer
of the space from which the ore had been extracted. To make
calculations in the mining and geological conditions of the
Zhomart mine, modeling has been performed using the RS2
(Rockscience) program. To model the collapse arch, the width
of the span of the mined space has been taken with a step of 50
m, i.e. 100, 150, 200, 250, 350, and 400 m until reaching the
maximum span (400 m), at which complete undermining of
the overlying layer occurs.

The large width of the panels allows calculating the model-
ing in a planar problem, i.e. in 2D. The natural stress state of
the massif according to in-kind measurements is specified by
the vertical gravitational pressure YN and horizontal stresses
0.9 yN that are perpendicular to the plan 1.6 YN, where the
bulk density of rocks y = 2.6 t/m’.

The data have been calculated using the generalized Hoek-
Brown criterion with the geological strength index GSI based
on the geomechanical description of the massif quality based
on the results of studying the fracturing of the massif and lab-
oratory tests of the rock properties that have been carried out
using the RocLab program [8-9] (Table 2).

Table 2

Accepted elastic and strength characteristics of the anisotropic massif for modeling in the program

Kecme 2

bazoapnamaoa modenvoey yuwiin anuzomponmaul Maccuemiy, Kadvlioan2an cepnimoi sHcane 6epikmik cunammamanapol

Taonuuya 2

Ilpunameoie ynpyeue u npounocmmsie XapakmepucmuKu AHU30mMpPONHO2Z0 MACCUBA 0] MOOEIUPOGAHUS 6 RPOZPAMME

Ground surface elevation 354 m
Overburden unit weight 0.026 MN/m?
Horizontal stress ratio 0.9

Out of plane stress ratio 1.6

Em 4000 MPa
Poisson ratio 0.25
Intact comp. strength 120

GSI 50

mi 17

D 0.8
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The modeling results are shown in Figures 1-6.

Pt =
Figure 1. With the worked-out space width of 100 m. Figure 4. With the worked-out space width of 300 m.
Cyper 1. Ka3pliran kenicTikTiH eni 100 M 6o FaHIaFbl Cypert 4. Ka3bliran keHicTikTiH eni 300 M 00JiFaHIaFbI
ONBIPbLTY KymM0e3i. ONbIPBLTY KyM0e3i.
Puc. 1. CBox o0pynieHns Npu IIUPHHE BHLIPA0OTAHHOTO Puc. 4. Cpon o0pymeHusi Npy HIMPUHE BHIPAOOTAHHOTO
npoctpancTa 100 m. npocrpancTsa 300 M.

Figure 2. With the worked-out space width of 150 m. Figure 5. With the worked-out space width of 350 m.
Cyper 2. Ka3pliraHn KkeHicTikTiH eHi 150 M 6osiraniaFbl Cypert 5. Ka3bliraH KeHicTikTiH eHi 350 M 00JiFaHIaFbI
ONBIPbLTY KymM0e3i. ONbIPbLTY KyMOe3i.

Puc. 2. CBox 06pyienust Npy IHPHHE BHIPAOGOTAHHOIO Puc. 5. CBox o0pyuienusi Ipu NIMPHHE BHIPAGOTAHHOTO
npocrpaHcTea 150 m. npocrpancTsa 350 m.

Serengen Factor
cension

/il

Figure 3. With the worked-out space width of 200 m. Figure 6. With the worked-out space width of 400 m.
Cyper 3. Kaspuiran KeHicTikTiH eHi 200 M 00JranIarbl Cypert 6. Kasbuiran keHicTikTiH eHi 400 M 6oJiFaHIaFbI
ONMBIPbLTY KymM0e3i. ONBIPLLTY Kym0e3i.

Puc. 3. CBox o0pynieHns Npu MIUPHHE BHIPAOOTAHHOTO Puc. 6. CBoa o0pynieHusi Npu IIMPUHE BLIPAGOTAHHOTO
npoctpaHcTea 200 m. npocrpancTsa 400 m.
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Table 3
Changing the deformation magnitude of the overlying layer depending on the width of the space
Kecme 3
Kenicmixkmin enine oaiinansicmol ipzenec KauablHObIKMbIH 0ehopmMayus uamacolHbll 632epyi
Tabnuua 3
Hs3menenue genuuunsl dedhopmayuu nanezarouieri Moawiu é 3a86UCUMOCHIU OM WIUPUHBL HPOCIMPAHCHGA
Depth H, m 430 430 430 430 430 430 430
Worked-out space width La, m 100 150 200 250 300 350 400
Collapse arch height, h,,;, m 33 51 75 108 164 264 430
Arch factor 0.33 0.34 0.38 0.43 0.45 0.50 1.08

Thus, there have been obtained the following parameters
as a result of numerical modeling with the increasing width of
the worked-out space (panel) until the collapse arch reaches
the ground surface (Table 3). Figure 7 presents it as a graph.

500

ing of the overlying strata. Based on the modeling results, it
can be concluded that the results of seismic exploration and
the results of numerical modeling of the collapse of the rock
massif over worked-out areas subjected to remining, as well as
the arch parameters calculated using the BABO method, are
practically close. For further study, this model can be used as

0 y= 1100 ; a source material for modeling to determine the conditions for
& 402 R?=0.9988 the complete undermining of the earth’s surface, as well as to
E‘J - identify the pattern of formation of a collapse arch from the
£ 20 - equivalent working span.
5 200
E- o . i Conclusion
S Pt Do Lol As aresult of a comprehensive study conducted in the con-

0
0 50 100 150 200 250 300 350 400 450

Space span Ls, m

Figure 7. Results of modeling the formation of a collapse
arch depending on the outcrop span.
Cypert 7. Ocep eTy apajbIFbIiHA 0aHJIAHBICTHI ONBIPBLITY
KYMOe3iHiH Ty3i1yiH Moae/ibaey HOTHKeIepi.
Puc. 7. PesyabTarsl MoeJJMpOBaHHUs 00Pa30BaHNUs CBOAA
o0pyIIeHNs B 3aBHCHMOCTH OT NPOJ1eTa 00HAKEeHNs.

Results and discussion

Thus, the calculations for the mining and geological con-
ditions of the Zhomart mine have been made using the RS2
(Rockscience) program with the worked-out space width of
100 m, 150 m, 200 m, 300 m, 350 m and 400 m. It has become
known from the modeling that with the worked-out space
width of 400 meters, the collapse arch reaches the ground sur-
face. As a result of analyzing the data shown in Figure 7, it has
been found that with increasing the outcrop span, the collapse
arch coefficient increases and, reaches the hollow undermin-
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