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RECOMMENDATIONS FOR SUPPORTS OF MINE
WORKINGS IN UNDERGROUND MINING

Abstract. The exploration of mine workings and analysis of the underground mining documentation have been resulted that the maximal volume of inrush was
observed during the roadway driving along the strike with impact angle of A = 0°, and the minimal volume of inrush was found during the crosscutting with impact
angle of A =+90°. By reason of the insufficient efficiency of the applied shotcrete supports, the rock inrush in the working area could lead to the high risks of injury
to the miners in the breakage and drifting faces, the detachment of rock slabs from the side walls or roof of the workings during the gadding, support and loading.
In order to reduce the high risks, the pilot tests of MasterRoc STS 1510 shotcrete mix have been performed. The results have demonstrated that this mix is suitable
and recommended to use in the mining as an independent support and as part of the anchor structure and metal mesh.

Key words: underground development, occurrence, tectonic disturbance, inrush, strength, support, tests, mining and geological conditions,
shotcrete, mix, anchoring, setting.

7Kep acThI KeHiH 6HAIpY MbICAJIBIHAA OYPFBIPYIapAbl OeKiTy 00MBbIHIIA YCHIHBICTAP

Anparna. Tay-KeH Ka30alapbIHbIH JKai-KYHiH 3epTTey JKOHE JKep acThl KeHIIIIHIH Ky)KaTTaMachlH Tajjiay HOTIKenepi 6oitbiHma A = 0° ke3aecy OypbIibl 6ap
Tay JKBIHBICTAPBIHBIH COFYbI OOMBIMEH Apeiidrepai Kyprizy Ke3iHae KyJlayAblH CH YJIKCH KelleMi OallKallaThIHbI aHBIKTAJI/Ibl; KYJIAyAblH CH a3 KeJleMi — Ke3Jecy
OypoItel A = £90° GonaThiH opTTap/sl 6aTy Kesinne. KonmanemaTeiH KyliMa-0eTOH b OCKiTy IiH KETKITIKCI3 THIMAIIITiHe 6alIaHbICTBI TYNTIK KEHICTIKTEr1 Tay-
KEH MaccachlHbIH KyJIaybl )KOFaphl TOyEeKeIepre oKeeli: KeHIiIep i ToKTay skoHe 6aThin 6apa skaTKaH OeTKeiep liH KapaKaTTaHybl, TOOEIeri Tay MacCachIHbIH
GomikTepiHiH KaObIpIIaKTaHybl, CaHbUIAyJapAbl OyprbuIay, OCKiTy jkoHE THey Ke3iHAe IaxTaHblH Oyiipiepi. JKorapbl Toyekenuepii azailTy MakcaTbIHIA
MasterRoc STS 1510 Gypikkimn 6€TOH KOCIIACHIHBIH TOKIPUOEIIK ChIHAKTAPBI JKYprisinai. HoTmkenep KocaHbIH LIaXTa XKarJallblHIa TOYEJICi3 TOCEM PETiHIe Je,
SIKOPb TOCEMIiHIH JKOHE METaJI TOPABIH OOIIiri peTine e KOJIAaHyFa xKapaMm/Ibl )KOHE YChIHBUIFaHBIH KOPCETTI.

Tyuinoi co3dep: dcep acmvl Kaz6aiapwl, KeH OpHbl, MEKMOHUKAAbIK OY3bLLyAaAp, KYiay, 6epikmik, 6eKimy, CblHay, May-KeH-2e0102UsLIbIK HCA2OauLap,
Oypikkiuw 6emon, Kocna, adeesus, Kamy.

Pexomenganuu mo KPEMJICHUIO TOPHBIX BLIpaﬁOTOK Ha MpuMepe mMoA3€¢MHOI0o pyaiHuKa

Annortanus. ITo pezyapratam 00CIeI0BaHUS COCTOSIHUS TOPHBIX BBIPAOOTOK M aHAIN3a JOKYMEHTAINH 036 MHOTO PyIHUKA yCTAHOBJICHO, YTO HAHOOIBIINIT
00beM BBIBAIOB HaOIIOaeTCs MPH NMPOXOJIKE HITPEKOB IO MIPOCTUPAHUIO MTOPOJ € YIIIOM BCTpeu A = 0°; HauMEHBIINH 00BEM BBIBAJIOB — IIPU IIPOXOAKE OPTOB C
yriioMm BeTpeur A =+90°. BbiBasibl TOPHON Macchl B IPH3a00HOM IIPOCTPAHCTBE BCJICACTBUE HETOCTATOYHO 3 (HEKTUBHOCTH IPUMEHSIEMOI0 TOPKPET-0ETOHHOTO
KpPCIUJICHHSI TIPUBOST K BOSHUKHOBEHUIO BHICOKMX PUCKOB: TPABMHPOBAHHIO TOPHOPAOOUYUX OYHCTHOTO M MPOXOIYECKOr0 3a00€B, OTCIAMBAHHIO KYCKOB TOPHOM
MAacChI ¢ KPOBJIH U OOPTOB BBIPAOOTKH MPH OYPEHUH LITyPOB, KPEIIICHUH U 3apshKaHuu. C [elbI0 CHIKEHUS BRICOKUX PUCKOB IIPOBEICHBI OIBITHO-IIPOMBIIIICH-
HbIC HCIBITaHUS TOpKpeT cMecu MasterRoc STS 1510. Pe3ynpraTsl moka3anu, 4To CMeCh IIPUTOJHA M PEKOMECHIOBaHA JUISl IPUMCHEHHS B YCIIOBUSX PYyIHUKA
KaK B Ka4eCTBE CAMOCTOSITEIIHOI KPeIt, TaK H B COCTaBE aHKEPHOW KPEIH U METAIINYECKON CETKH.

Knrwueswie crosa: noozemnas pagpaﬁamka, Mecmopoo;cbeﬂue, MeKMOoHU4YecKUue Hapyuietus, 6bl6ajl, NPOYHOCMb, KpenjieHue, UCNbIMAaHUsl, COpHO-2eolocuye-

CKUe yciosusl, moprem—éemon, cmecsy, cyenjenue, cxeamoléarue.

Introduction

The Abyz occurrence is located in the Central Kazakhstan
fault zone. Therefore, its rocks had the significant processes
of the dynamic metamorphism (foliation, grinding,
mylonitization) and the intense hydrothermal-metasomatic
changes. These changes have been referred to the tectonic
regional formations with the propylitic, propylite-beresite
and beresite statistically stable associations. The sequence
of hydrothermal and metasomatic formations has been
directed from propylites (chlorites) to bresites (sericites).
The hydrothermally processed metasomatites are
unstable, and they can lose strength during flooding'. The
peculiarity of this occurrence is an ore zone with some lens
of ore bodies and zones of the disseminated mineralization,
and frequent alternation of rocks in the ore zone differing
in strength, soaking and strength.

The underground developments of this occurrence
are made with a sublevel caving system at a sub-level
of 540 m under the sides and bottom of the waste mine
which has been flooded with water for some time.
Results of exploration of mine workings and analysis of
documentation have been found as follows:

1. The tectonic disturbance, fractures and rock
contacts have a steep rock-fall and strike relevant to
the strike of ore bodies.

2. The enclosing rocks outside the ore zone are strong,
very strong and less fractured. Thus, their competence
category can be estimated in the range from the above-
average to stable constant.

3. The ore zone has the individual ore bodies (lens) and a
frequent alternativeness of various types of hydrothermally
altered rocks which differing in strength and competence.

4. The mine workings passed in the cross strike of ore
bodies (roadways) are estimated as stable in the strong
rocks, and as medium stable in the weak rocks.

5. The roof and sides of the mine workings passed in the
cross strike of ore bodies (roadways) with the contour blasting
operation are caved by systems of steeply dipping fissures.
In some places, inrushes are observed between anchors and
with bare anchors. Their length is about 0.7-1.0 m.

6. The development working and break-off conducted
within the near-ore zone can lose the competence during
the direction of the mine workings along strike of rocks?.

7. The maximal volume of inrush is observed during
the roadway driving along the strike with impact angle of
A = 0°, and the minimal volume of inrush is found during
the crosscutting with impact angle of A = +90° (Figure 1).

8. The applied anchor Monomatic cannot install a
support with the admissible installation angle of the
support (Figure 2). Measurement of the overall length of

!Instructions for the selection and use of lining at the Abyz field. — Karaganda: Kazakhmys Corporation LLP, 2021 (in Russian)
’The practical guide for mining engineer. — Karaganda: Kazakhmys Corporation LLP, 2019. — 365 p. (in Russian)
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Table 1
The technical characteristics of MasterRoc STS 1510
Kecme 1
Texnukanvik cunammamanap MasterRoc STS 1510
Tabnuuya 1
Texnuueckue xapakmepucmuxu MasterRoc STS 1510

Form Powder (dry mix)
Color Gray
Density 1700 kg/m? in dry condition

. . . After spraying
Maximum particle size of 2200-2400 ke/m’
Maximum particle size Up to 3 mm

At least 2 MPa

At least 3.5 MPa
At least 15 MPa
More than 35 MPa

Tensile strength after 1 hour

Tensile strength after 6 hours

Tensile strength after 24 hours

Tensile strength after 28 days

the beam of the Monomatic Ne71 drilling machine is 5.40
m. The drilling of a roof support of the actual length of the
beam is 4.30 m. The design height of the mine workings is
4.20 m, and width is 3.8 m. To construct the design height
of the mine workings and the length of the drilling machine
boom?, the maximum anchoring angle is 700.

9. The mine workings have the areas with the difficult
mining and geological conditions.

10. The low efficiency of the shotcrete support used at
the Abyz mine leads to the safety problems. Therefore, rock
inrush in the working area can have the high risks of injury
to miners in the breakage and drifting faces, the detachment
of rock slabs from roof or the side walls of the workings
during the gadding, support and loading.

Thus, in order to reduce the high risks, the mine tests of
MasterRoc STS 1510 shotcrete mix have been performed.
The pilot tests have been done in compliance with the
current wet shotcrete process.

The test objective was to detect the probability and
practicability to apply MasterRoc STS 1510 shotcrete mix in
order to accelerate the shotcrete support process of the mine
workings at the Abyz mine of Kazakhmys Corporation LLP.

In order to introduce the advanced technological
solutions in the mining operations at the Kazakhmys
Corporation LLP, the pilot tests of the shotcrete mix using
the AC-1 rotating machine (Tornado Torcrete LLC) have
been conducted at the Abyz underground mine. These tests
have been performed in the airway of the transport slope
(horizon of +490).

The basic three objectives have been applied as part of
the exploration:

1) the rebound value should be measured;

2) the average thickness of the sprayed shotcrete layer
during one drift should be defined;

3) the maximum layer thickness should be determined [1].

Research methods

Literary sources have been reviewed. The scientific

and technical documentation on shotcrete supports of the
mine workings have been studied. Pilot tests have been
made at the Abyz mine. Research results with their critical
estimation to substantiate the further development and
improvement of the studied object have been analyzed and
generalized. The basic applied technical characteristics of
the materials have been studied and described* [2, 3].

The mine tests of the MasterRoc STS 1510 shotcrete mix
in compliance with the current dry shotcrete process using
the AC-1 rotating machine (Tornado Torcrete LLC) have
been performed.

The basic technical characteristics of the used materials
have been studied and described.

MasterRoc STS 1510 is a ready-to-use, cement-based dry
mix modified with a dry setting accelerator and microsilica
powder. This mix has been developed for the dry concrete
spraying of the mine workings. During the concrete
spraying this dry mix can give the previous strength forces,
the less rebound of particles and the thickest possible layers
of the spraying (Table 1).

Results and discussion

All stages of these tests have been performed on the
AC-1 shotcrete machine (Figure 3). The shotcrete mix
has been sprayed with using the current dry shotcrete
process. All rules of shotcrete spraying, i.e. washing
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1 —with a positive impact angle;
2 —with a negative impact angle.

Figure 1. Scheme to determine an impact angle A
between the strike of steep rock-fall and direction
of roadway driving.

Cyper 1. Tike 0aTKaH Tay *KbIHbICTAPBI
Ka0aTTapbIHBIH COFYbl MEH KbLIIKY 0aFbIThI
apachIHIAFbI TYlicy Oypbilibl A TYPFbICBIHAH
aHBIKTAY CXeMachl.

Puc. 1. Cxema 111 onpejiesieHUs B IJIaHe yrJja
BCTPeYH A MexkAy NPOCTHPAHHEM TOJIIIH
KPYTONAJAI0IIKUX MOPO M HANIPABJIeHHEM
NMPOXOJKH IITPeKa.

SRecommendations for fixing mine workings at the Abyz mine. — Karaganda: Kazakhmys Corporation LLP, 2019. (in Russian)
“Alejano R., Perucho Au., Olalla C., Jiménez R. Rock engineering and rock mechanics: structures in and on rock masses. — CRC Press, 2014. — 372 p. (in English)
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of the surface before spraying, keeping of the nozzle
angle of 90 degrees relative to the mine workings,
distance of the nozzle of 1-1.5 m to surface of the side or
roof of the mine workings have been kept.

During these tests, 12 m? of mine workings have been
shotcreted along the sides. Thickness of spraying was 50-
120 mm. In the area of beacons, the thickness of spraying
was 300 mm depending on the mine working relief.

The roof has not been shotcreted by reason of the air
supply interruptions (compressor shutdown at Abyz mine).
During the concrete spraying the rebound was no more than
10%. 42 Packages of 25 kg have been loaded.

Thus, the results of tests have been found as follows:

= MasterRoc STS 1510 shotcrete mix had the good
glutiness, adhesion to rocks, high setting rate and strength
in the first hours of curing. Its composition has been laid
without the falling or slumping of the applied layers;

= adhesion and setting time of the mix could create the
shotcrete with a thickness of 50 to 300 mm in the places of
beacons on sides and roof of the mine workings for one cycle;

= during the exploration of mine workings the
rebound loss of material after spraying has amounted
no more than 10% (Table 2).

The main factors affect quality, cost and labor
capacity as follows:

= there is no need to prepare the mix, i.e. it takes up a
considerable amount of the working time;

= there is no need for double and triple passage of the
same mine workings, i.e. to achieve the design thickness
during one drift;

= the loading rates of the receiving bunker of the shotcrete
machine and the continuous, non-stop operation.

Also important factor is that the manufacturer of this
mix gives a guarantee for the technical requirements of
the finished mix and its further operation in compliance
with permissible standards.

The practice has noted that the spraying of shotcrete
mix without additives and modifiers in the composition of
concrete is able to apply a layer of not more than 10-30
mm in one drift with a rebound of 50-70%. Thickness of
a sprayed layer, capacity and the amount of rebound are
the main indicators to calculate the economic evaluation for
using of a particular method of shotcreting in the mine. Thus,
it significantly affects the cost of shotcrete operations™ °.

Conclusion

Based on the obtained results, MasterRoc STS 1510 mix
is suitable and recommended to apply at the Abyz mine of
Kazakhmys Corporation LLC as an independent support
and as part of the anchor structure and metal mesh.

It is recommended to examine the probability to
purchase one carload (64 tons) of MasterRoc STS 1510
mix and the AC-2 shotcrete rotating machine in order
to continue the spraying of this mix with the technical
support of Optimus kz LLP for the partial introduction
of the dry shotcrete process in the production cycles of

the mine. Thus, it should significantly increase labor
capacity and improve the quality characteristics of the
applied concrete. As a result, the cost of the work in
progress should be reduced.

Material of MasterRoc STS 1510 can have the early
setting (2-3 min) and strength of shotcrete (after 60 min —
more 2.0 MPa). Thus, the design thickness of shotcrete mix
of 50-120 mm or more for one spraying can be used.

The shotcrete layer with a thickness of 3-5 cm has
the role to protect the mined rocks from breaking due to
weathering process and access of water and oxygen, and
its secondary role is a support in view of thickness of a
layer of shotcrete. Therefore, the rock pressure can exceed

Figure 2. Installation angle of Monomatic drilling
machine.
Cypet 2. MoHOMATTHI OYpPFbLIAY KA0ABIFHIH OPHATY
OypBILIbI.
Puc. 2. Yroa yctaHoBKHM O0ypoBOro 000py10BaHUsA
MoHoMAaTHK.

1000

Figure 3. AC-1 shotcrete machine.
Cyper 3. AC-1 mrencejbik 0eTOHALI OPHATY.
Puc. 3. Topkper yctanoBka AC-1.

*Amanzholov E.A. Mounting of mine workings. / Presentation on the course of training of mountain masters. — 2016 (in Russian)
°ACT of test testing of the finished dry shotcrete mix MasterRoc STS 1510 manufactured by Master Builders Solutiond Central Asia LLP (BASF Central
Asia) and shotcrete plant AS-1 manufactured by Tornado Shotcrete LLC. — 2021 (in Russian)

Topnwuit sccypnan Kazaxcmana Ne3’ 2023




KpereHue ropHbIx BEIpadOTOK

Table 2
Test results
Kecme 2
Tecm naomuosicenepi anviHobl
Tabauya 2
Honyuennsie pezynomamol uCnblmMaHu
Material Setting time of mix, min | Thickness per one spraying | Rebound losses, % Strength, MPa

Concrete sprayed
with the wet shotcrete

process without >180 min

5-10 mm

More 50% After 24 hours — up to
0

MasterRoc STS 1510 5 MPa
additives
MasterRoc STS 1510 Up to 10 min 50-120 mm and more No more than 10% After 24 hours — up to

15 MPa

the tensile strength of sprayed concrete for bending and
compression, i.e. it directly depends on thickness of the
layer and armoring. As a result, it is recommended to
apply the anchor-mesh-sprayed concrete system of the
reinforced-combined supports.

MasterRoc STS 1510 is recommended to apply in
the difficult mining and geological conditions. Also
it can be used in conditions of water drip and thus,
the drainage boreholes, troughs and other methods of
water flow control should be applied.

As a result, in order to prevent detachment of rocks from
the sides, the roof and sides of the mine workings should be
anchored during the driving of the field roadways along the
strike of the ore zone in all types of rocks.

In order drive the mine workings in the difficult
mining and geological conditions, the changes should,
if necessary, be made in passports of supports by the
geological and geotechnical service and should be
approved by a chief engineer of the mine.

In the future, the geological and technical departments of
the mine should examine the geology of the site in plan to
design the mine workings. The changes should be added to
the local projects in terms of direction of the mine workings
during the crossing of faults and contacts.

It is recommended to add the Sandvik DS211L-M
rock bolter machine to the investment plan for the quality
anchoring of the mine workings. Now, the drilling equip-
ment at the mine does not properly install the anchors’.

Before purchasing of the Sandvik DS211L-M rock
bolter machine, the design parameters of the mine
workings should be reviewed to ensure the quality
anchoring with the Monomatic drilling machine.

In order to prevent shifts on contour of solid mass
and sudden inrushes, the mine supports should not
lag behind in conformity with requirements of the
«Instructions to select and use of supports at the
Abyz mine». The high-quality ventilation of the mine
workings should be constantly established.

7Yun A.B. Development and substantiation of the parameters of the mining and technical system for the integrated development of the Zhezkazgan deposit
in the conditions of replenishment of the retiring capacities of mines. / Dissertation for the degree of PhD. — M.: NUST «MISiS». — 2016 (in Russian)
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