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JUSTIFICATION OF PARAMETERS FOR
MAINTAINING MINE WORKINGS IN
THE CONDITIONS OF COAL MINES

Abstract. At greater depths of development of seams in the Karaganda basin, the multiplicity of intersection of mine workings reaches a value of 2, 3 and even 4. In
general, maintenance costs increase with depth and account for 5% of total costs at shallow depths, and up to 15% at greater depths. Therefore, the problem of protecting
and maintaining mine workings at great depths in the Karaganda basin is becoming a topical issue in the technology of coal mining. One of the rational ways to improve
the condition of mine workings and save material resources is the use of anchoring. The volume of implementation of anchoring of mine workings in the mines of the
Karaganda coal basin is currently 60% in pure form, and 25% — with combined fastening. The presented practical recommendations allow us to recommend progressive
technological schemes of anchoring of mine workings to ensure the production of anchoring in the zone with high stresses in the contour rocks and are aimed at improving
the technology and means of anchoring of mine workings.
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KemMip maxrajapsl :kaFiaiibIHIA Tay-KeH Ka30aJapblH KOJ1ay apaMeTpJiepiH Herizaey

Anpnarna. Kaparau/psl 6acceiiHinaeri KabarTap/bl Hrepy/IiH YJIKeH TepeHairinae Ka3oa Ka3bamapsl Kaita OekiTy xuiiri 2, 3 sxoHe TinTi 4 mamacsiHa xere/i. JKamst
aJIFaH/Ia, TEXHUKAIIBIK KbI3MET KOPCETY IIBIFbIHIAPbI TEPSHAIKTIH ©CYiIMEH apTa/ibl )KOHE JKAJIIIbI LIBIFbIHAAPA Tasi3 TEPEHIIKTEe 5%, aJl YIIKeH MWbIFbIHAapaa 15% Kypaipl.
Conzpikran Kaparanapl 06acceifHiHIe TepeH TepeHaiKTe Ka30a Kaz0ajapblH KOpFay »oHE KOoJaay Maceseci KoMip OHAIpy TEXHOJIOTHSCHIHIA ©3€KTi OOJIbIN TadbLIaIbl.
Kasbamapzbl Kaii-KyiiH )KaKcapTyIablH JKOHE MaTepUaIbIK PEeCypCTapAbl YHEMICYAiH YTHIMAIBI JKOJIIAPhIHBIH Oipi aHKepiik OeKiTKIlmiH KojgaHy OOJbIN TaObUIabl.
Kaparan/p! kemip OacceliHiHiH MaxTanapblHIa Ka30anapbl aHKepIIik OeKiTyai eHrisy Keyiemi Ka3ipri yakpItra Ta3a Kyiinae 60% sxoHe apanac (apanac) OekiTie Ke3iHie
25% kypaiizabl. KenripiareH npakTHKaIbIK YCHIHBICTAP KOHTYD MaHbIH/aF bl KbIHBICTAPAFBI KEPHEYJIEPI )KOFapbl aiiMaKTa OEKiTy KyMBICTapbIH XKYPIri3y/ll KAMTaMachl3 €Ty
YLIIH Tay-KeH Ka30aaapblH aHKepJIiK OeKITy/IiH NPOrpecCHBTI TEXHOIOTHSUIBIK CXEMallapblH YChIHYFa MYMKIHIIK Oepe/i :xoHe Ka30anap/ bl aHKepIIiK OSKiTy TeXHOJIOTUsIChI
MEH KypaJiapbIH JKETUIAipyre OarbITTaIFaH.

Tyiiinoi co3dep: may sHcolHbICMAPbIH MYPAKMAHOBIPY, KAVINCI30iK, CAHObIK MOOENbOEY, KOMIP WAaAXmanapul, 0epopmayusiap, KOHmypoaH molc HCbIHbICIAp, mepey
mecey Kypanoapei.

O0ocHOBaHHE MAPaAMETPOB MOIEPKAHNUS TOPHBIX BLIPA0OTOK B YCJIOBUSIX YTOAbHBIX HIAXT

Annoranus. Ha Oonbiumx nryOuHax pa3paboTky muiacToB B KaparanauHckoM GacceifHe KpaTHOCTb MEPEKPEIICHNsI BBIEMOYHBIX BBIPAOOTOK JOCTHIaeT BEIMYMHBI
2, 3 u jaxe 4. B 1esom, pacxozibl Ha MOAAEPKAHME YBEINYMBAIOTCS C POCTOM IIIYOHHBI M COCTABIISIOT B OOIIMX pacXofax Ha MaybiX niyouHax 5%, a Ha GOJNBIIMX — JI0
15%. ITosToMy npoGnema OXpaHbl M MOJ/IEPIKAHUs BBIEMOYHBIX BHIPAOOTOK Ha O0nbIO# n1yOuHe B KaparananHckoMm GacceiiHe CTaHOBUTCS aKTyallbHOW B TEXHOJIOTHI
00614 yriist. OIHUM U3 PALMOHAIBHBIX ITyTEH YIIyUILICHHS COCTOSHUS BBIPAOOTOK M SKOHOMUH MaTE€pHaIbHBIX PECYPCOB SBISIETCS IIPUMEHEHHE aHKEepHOH Kpern. O0b-
€M BHEJIPeHHsl aHKEPHOTO KpeIuIeHus BhIpaboToK Ha maxrax KaparananHckoro yroisHoro 6acceifna cocrapisier B HacTosee Bpemst 60% B unctoM Buze u 25 % — npu
CMeIIaHHOH (KOMOMHMPOBAHHOI) Kpernu. M3/10/KeHHbIe NPAKTHYECKHE PEKOMEHIALMH TO3BOJISIIOT PEKOMEH/I0BATh IIPOIPECCUBHbIE TEXHOJIOIMYECKUE CXEMbl aHKEPHOTO
KPEILICHNUsI TOPHBIX BBIPAOOTOK /1si 00ECIIeueH s IPOU3BOJCTBA PAOOT MO KPEIUICHHIO B 30HE C MOBBIIIEHHBIMU HANIPSKEHUAMH B IPUKOHTYPHBIX TI0POJAX U HAMPABICHBI
Ha COBEPIICHCTBOBAHNE TEXHOIOTHHU U CPEICTB AHKEPHOTO KPEILICHHS BBIPAOOTOK.

Knrouesvie cnosa: cmabunuzayus 20pHo20 Maccusd, 6e30nachocmy, YUCIeHHOe MOOCIUPOBAHUE, Y20NbHbIe WAXMbL, OeopMayuu, NPUKOHMYPHbLE NOPOObL, CPEOCMEa

2/1)/50K020 3AJ10JHCEHUA.

Introduction

The solution of the problem of improving the technology of
fastening and reliable maintenance of preparatory mine workings
plays an important role in improving the efficiency of mining
production. The costs of mine workings are quite significant and
amount to 15-20% of the cost of mining operations. Sustainable
maintenance of preparatory mine workings also requires signifi-
cant costs for their repair, both before and after the commission-
ing of the mining faces, which amount to 15-20% of the cost of
mine workings [1-3]. At the existing depths of development in
the basin (600-850 m) in the Karaganda coal basin by modern
fasteners is impossible to achieve no-repair maintenance of mine
workings. Currently, at greater depths of development of seams
in the Karaganda basin, the multiplicity of reinforcement and un-
dermining of the soil of mine workings reaches a value of 2, 3
and even 4. In general, maintenance costs increase with depth and
account for up to 5% of total costs at shallow depths and up to
15% at greater depths. Therefore, the problem of protecting and
maintaining mine workings at great depths in the Karaganda ba-
sin is becoming a topical issue in the technology of coal mining.

Experimental part
One of the rational ways to improve the condition of mine
workings and save material resources is the use of anchoring.

The volume of implementation of anchoring of mine workings
in the mines of the Karaganda coal basin is currently an aver-
age of 60% in pure form, and 25% — with mixed (combined)
fastening.

To ensure a high level of loading on the face, its advance
should be 8-12 m/day, and for the preparation of reserves the
rate of preparatory workings should be at least 15-25 m/day.

In modern conditions in the world practice in coal mines
at long drifts three schemes of targetless technology are used:
with preservation of workings for reuse; with conducting of
workings in the cut to the mined-out space; with conducting of
twin workings with excavation of the pillar between them by
the adjacent longwall face.

The most progressive scheme of the no-target technology
is the technology of preparation and mining of seams with
preservation of mine workings on the border with the mining
area during the mining of the adjacent longwall face. In this
case, the stability of reused workings is ensured by creating a
supporting layer of rocks by using two-level deep anchoring
and high load-bearing capacity anchoring in combination with
reinforcing support [4-6].

Anchor support of the second level, installed in the exca-
vation when the roofing shifts up to 50 mm after the installa-
tion of the main anchor support, creates a load-bearing layer
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of rocks, which takes the load from the overlying deformed
roofing rocks that occur in the zone of influence of the clean-
ing operations, the bearing capacity of which decreases with
increasing shifts in the used excavation.

An important step in establishing the parameters of mine
support is the evaluation of rock caving schemes and parame-
ters of anchoring installation.

The shape and size of the potential caving zone around the
excavation depends on the structure of the rocks in the roof,
sides and soil (Figure 1).

a — stable; b — formation of the vault of natural equilibrium
in the roof and soil; ¢ — formation of the vault in plastic
stable rocks in the roof and soil; d — formation of the fracture
zone in the roof and sides of the excavation.

Figure 1. Forms of rock outcrops in preparatory
workings.

Cyper 1. JlalibIHABIK Ka30a1apbIHIAFbI Ty
JKbIHBICTAPBIHBIH KAl KYHiHiH HbICAHAAPBI.
Puc. 1. ®opMbI cocTosiHUS 00HAKEHUI TOPHBIX MOPO
B MOATOTOBUTEIbHBIX BHIPA00OTKAX.

In this case, the state of outcrops and loss of rock stability
can be: stable (when conducting excavations in stable rocks);
with the formation of the vault of natural equilibrium (in sta-
ble rocks), vault in plastic stable rocks (medium stable rocks,
outside the influence of mining) or a zone of rock failure in the
roof and sides (possibly and the soil) excavation (in the influ-
ence of mining, supportive pressure, disturbed areas).

Reducing the degree of influence of the sliding prism in
the sides in the used excavations fixed by both frame and an-
chor support is achieved by installing in them the anchoring
support with the rod length determined by the strength of the
lateral rocks not exceeding 2.4 m, including the two-level
steel-polymer anchoring support with the anchor rod length
of 5.0 m and more, the strength of the rod fastening in the
rock — 130-160 kN, determining the sequence of installation
of steel-polymer anchorage and the first and the second level,
taking into account the strength of the host rock, the excava-
tion span and the caving factor and stability ensures a stable
condition of the used excavations in the zone of influence of
the mining works.
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It is established that in the time interval before the an-
chorage of the workings with the strengthening anchors at
any stage of the intensity of the rock pressure displacement
of the roof rocks should not exceed 50 mm; displacements of
50, 100, 150, 200 mm lead to the reduction of the bearing ca-
pacity of the consolidated system «deformed rocks, pierced
with the anchor rods» by 15, 50, 55, 65 percent respectively.
Due to the sliding prisms on the sides of the workings, the
span is increased by the value of twice the value of the roof
displacement in the middle of the workings and is 0.5 — 1.7 m.
To eliminate these negative phenomena, an anchoring support
with the length of the anchor rod determined by the depth of
the excavation is installed on the sides of the workings.

The width of the rock failure zone at medium depths is 2.1
to 2.6 times, and at greater depths it is 1.7 to 2.2 times less
than the width of the sliding prism, provided that the rock
failure occurs in uniaxial compression conditions. At a great-
er distance the rocks of the sliding prism are in volumetric
compression, anchor rods 2.4 m long and more, fixed in this
area, have the value of pulling force 60-80 kN, providing a
reduction in the displacement of rocks in the sides of workings
up to 200-250 mm. With increase in the depth of development
(up to 750-800 m) the cross-section of mine workings increas-
es (up to 18-20 m?) and the maintenance period of 3-5 years,
displacements of the roof rocks (0.3-0.5 m and more) and soil
(0.4-0.6 m and more) on their contour grow at the support load
(up to 800-900 kN) which requires increased density of frame
roof support (2.6-2.7 frames/step. m and mixed fastening) and
causes increased costs for mine workings.

Results and discussions

The results of the comparative analysis testify to more com-
plicated conditions of maintaining the workings formed behind
the face in 1,3-2,5 times and reused 1,7-3,5 times compared
with the near-mine and workings, passed in the coal massif.

Numerical values can be obtained by calculating the mani-
festations of rock pressure (table 1).

The maximum stresses for the sides of the excavation are:

Omax = ki pH.

max

The minimum stresses for the roof of the excavation are:

Oumin = krAYH,

min
where k,, k, — coefficients of compressive, tensile stresses (in
fractions of 9,), according to the table;

A, — the coefficient of lateral spreading is calculated as

u — Poisson’s ratio (transverse and longitudinal deforma-
tions),

&a
&

u= )
y — average density of the rock massif;
H — working depth (in the event of disturbances,
H, = 1.5H — according to SNiP II — 94 — 80).
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Table 1
Parameters of stresses around the excavation
Kecme 1
OitbiKmbull, alinanacelHOazvl Kepuey napamempiepi
Tabnuua 1
Ilapamempul nanpscenuit 60Kpy2 6blemMKu
Vault parameters (in fractions Stress concentration Dimensions of the tensile
of the excavation width) coefficients stress zone
Sectional compress- | o roof height (i
shape of the | . . vault | inginthe | [(SUCM | g n | heiEnn Note
excavation | 3X1alare 51d§ are height, | sides k1 (in the roof k, fractions of | _ractions
radius, R | radius, r ’ . (in fractions of the vault
ho fractions of of A, v-H) the excava- height)
vH) Y tion width) 0
Right 0,905 0,173 1/4 2 0,4 0,35 0,3 For breeds with
charcoal- f>12
convex
f>12 0,3 0,3 0,1 For breeds with
f<12
same 0,692 0,262 1/3 2 0,25 0,28 0,08 Equation of the
outline of the vault
y = x%0,5Btgo
<12 0,23 0,25 0,07 For breeds with
¢=39°
same 0,5 - 172 2 1,0 0,9 0,15 In fractions of the
roof width
Ratio of bases to
height (at o = 80°)
1:1,45:1,6

The quality of anchoring of mine workings largely depends
on the reasonable location of anchors in the excavation, taking
into account the bedding and the choice of anchoring param-
eters (diameter, their length, the ratio of the diameter of the
borehole and the diameter of the armature and polymer am-
poules of anchors and the curing rate of the fixing compound

located in them), which ensures the effectiveness of the an-
choring technology and chemical hardening of the massif.

When developing the excavation anchoring scheme, the
geomechanical basis of the calculation is as follows:

- formation of the bearing beam with anchors of the first
level;

- rocks of the mine roof outside the natural pressure vault
have less displacement and more resistance to loads than
rocks in the vault;

- displacement of the roof rocks behind the face leads to
an increase in the span of the pressure vault by the amount of
possible destruction of the workings sides and, accordingly,
a significant increase in the size of the natural pressure vault;

- linking the near-contour rock massif in the natural state of
pressure with the overlying rocks by means of deep-laid anchors,
leads to suspension of the formed bearing beam of rocks to the
stable massif and balancing the load on the workings support.

As a result of strengthening the roof support with rope an-
chors, the strength of the contour rock mass at the junction of
the face with the working face, in the zones of support pres-
sure from the working face and the impact of the waste space
increases, and the load on the shield of the drift is redistribut-

by manageability: a — easy; b — moderate; ¢ — difficult;
d — stress scale.

Figure 2. Development of deformations depending on the
controllability
of the reservoir roof rocks in the support pressure zone
ahead of the face.

Cyper 2. JIaBaHbIH aJAbIHAAFbI TipeK KbICHIM
aliMaFbIH/IA MIATHIP )KBIHBICTAPBIHBIH Ka0aTTapAbIH
oH/IeJIyiHe OallyIaHBICThI Ae()OpMaNUAIaAPAbIH AaMYbI.
Puc. 2. Pazeutue nedopmanmii B 3aBHCHMOCTH OT
YIPABJISIEeMOCTH NOPOJ KPOBJIM ILIACTA B 30HE OIIOPHOI0
JAABJICHHS BIIEPe/IH JIABBI.

ed. Binding of the rock massif with deep anchors provides a
delay in its displacement, and after planting the roof behind
the mechanized complex, there is a back-up of the hardened
massif with broken rocks.

In this case, the support is calculated in such a way as to
ensure safe working conditions at the interface of the working
face with the adjacent mine working, subsequently preserving
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the mine for use and maintenance without repair for its entire
service life.

Preservation of mine workings by means of rope anchors in
low- and medium-power seams made it possible to achieve the
following results:

- reduction of manifestations of advanced mining pressure
on the stability of drifts,

- reuse for ventilation purposes (venting workings, gas
drainage channel, combined scheme of ventilation of the
working face) and provision of emergency exits;

- implementation of a no-target mining scheme (reducing
the volume of preparatory mine workings by about half, in-
creasing the reserves recovery rate);

- ensuring the operation of the mechanized complex without
the coupler support and increasing the load on the face by
reducing the time of the end operations.

Figure 2 shows the development of deformations depend-
ing on the controllability of the bed roof rocks in the zone of
support pressure in front of the face when modeling the con-
tour rocks using the software complex Ansys [7].

When processing the data modeling and comparing them
with the production information obtained characteristics of
changes in the deformations (U, m) depending on the distance
to the mine face (L, m) for mine workings «Kazakhstany» Kara-
ganda Coal Basin — figure 3.

At displacements of more than 200 mm, the layered rock
structure, pressed by the anchor rods of the main support, los-
es it’s carrying capacity, and the reinforcement struts together
with the retaining elements hold the stratified rock. In this sit-
uation, it is not uncommon to play with retaining elements and
rock falls into the excavation [8-10].

Conclusions

During the excavation, the first level of anchoring is in-
stalled. Anchoring with an anchor rod length of 2.4 m ensures
the formation of an elastic, layered rock beam. The second lev-
el of the anchor support with an anchor rod length of 5.0 m or
more is set at a distance of 0.1H in the support pressure zone.
This provides for a reduction in the use of additional hydraulic
retaining struts up to 85%.

Monitoring of the mine workings condition showed that the
displacement of the workings roof rocks completely subsides
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Figure 3. Variations of deformations depending on the
distance to the face.
Cyper 3. JlaBara JeiiHTi KAIIBIKTHIKKA 0aiiJJaHbICTHI
nedopManusiHbIH 63repyi.
Puc. 3. U3meHenus nedopmanuii B 3aBUCMMOCTH OT
PACCTOSIHHS 10 JIABbI.

at a distance of 150-200 m after the longwall face passage.
This allows us to conclude that it is technically possible to
preserve mine workings in order to use them in these mining
conditions.

The identified patterns of change in the stress-strain state of
coal rock masses (displacements, stresses, cracking zones) de-
pending on the main mining and geological and mining engi-
neering factors will allow under specific operating conditions
to establish the optimal parameters of support to increase the
stability of preparatory mine workings.
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