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APPLICATION OF CHEMICAL ADDITIVES FOR WET
SHOTCRETE PROCESS IN UNDERGROUND MINING

Abstract. The practice analysis results to use the shotcrete supports in the underground mines of Kazakhmys Corporation LLP have concluded that the 28 day-
strength of concrete cube should be more 30 MPa. It should not have the breaks, cracks, blowholes and other defects. Plasticizers should be introduced into the
concrete mix to meet the requirements for strength, flowability and setting time. Some disadvantages of the currently used material and method of its application
have been determined. They have included the aggregates with fines which caused the excess consumption of cement and the drying of the washed aggregates to
the required moisture content. The pilot tests of the sprayed concrete mix have been performed with using the Normet chemical additives to avoid disadvantages
and to introduce the advanced technological solutions for the mining operations at Kazakhmys Corporation LLP.

Key words: the underground mining, modes of occurence, shotcrete, strength class, compression, bending, the pilot tests, supports, plasticizer, the chemical
additives, concrete mix, a setting accelerator.

ZKepacThl KeHilli skaF aHbIHAA JBIMKBLI JiCIIEH TOPKPeTTey YIIiH XUMHUSJIBIK KOCTAJIaPAbI KOJIAHY

Annarna. «Kazakmbic Kopnoparusicsn» JKIIIC sxepacTbl KeHIIITepi KaFaaiibIHIa TOPKPET-0eTOH OCKITKILITepiH Nainaiany TOKipHOECiH Tanaay HOTHKeIepi
GotipiHima 28 KyHZIIK jkactarbl 6eToH TacThiH Oepiktiri 30 MIla-gan TemeHn Goimaysl, JKapbIKTap, JKapbIKTap, paKOBHHAIAp jKOHE 0acka Ja Oy3yIIbLIBIKTap
0GOoJIMayBl THIC JereH KOPBITBIHABI jkacayra Gosaabl. BepikTik, YTKBIPIIBIK jKOHE OpHATY Mep3imi OObIHIIA TajganTapibl KaMTaMachl3 €Ty VINiH IUIacTH(HUKa-
TOpyIap OETOH KocmachliHa eHrizijenmi. Kasipri yakpITTa KOJJIaHBUIATBIH MaTepHaNIIbIH OipKaTtap KEMINITIKTEpl )KOHE OHBI KOJIJAHY OMiC1 aHBIKTaJIIbI, COHBIH
IIHAE TOJTBIPFBIIITAP/BI TEK ycaK (paKkiHsIapMEH KOJIJaHy KaXKeTTiTiri, Oyl HEeMEHTTIH KOl LIBIFBIHBIH TYIBIPAJbl; KYBUIFAH TOJITBIPFBIIITAPABI KaKETTi
BUIFAJIIBUIBIKKA JEHiH KenTipy KakeTTiniri. KeMiuinikrepi &Koo, COHali-aK Tay-KeH ) KYMBICTAPbIH JKYPTi3y Ke3iH/Ie 03bIK TeXHOJIOTHSUIBIK HICHIIMASPAi €HTi3y
makcatbiHga «Kaszakmbeic Kopropanusicen»y JKIIC kocimopHbsIHIa normet eHIIPICIHIH XMMHSUIIBIK KOCHAJIApbIH KOJIIAHA OTBIPBIN, OCTOH KOCIIACHIH MIAIIYFa
TOXKIPUOEITIK-OHEPKICINTIK ChIHAKTAP JKYPTi3imi.

Tyitindi co3oep: scepacmul keniwii, natioa 60y dtcaz0aunapwl, 6ypikkiu Gemon, 6epikmik Kiacwl, CblzbIMOAy, Uiy, madicipubenix colnakmap, 6eximy, niacmu-
Quxamop, XumuAnLIK Kocnanap, 6emorn Kocnacwl, Kamy yoemxiu.

HpnMeHe}me XUMHUYECCKHUX 11063301( IJISI TOPKPETUPOBAHUSA MOKPBIM CIocoooM B YCJIOBUSAX ITOA3EMHOI0 PyAHUKA

Annortanus. ITo pe3yapraTaM aHajan3a NPAKTUKU UCIIOJIB30BAHUS TOPKPET-OCTOHHBIX KpeIeil B yCIOBHX moa3eMHbIX pyaHnkoB TOO «Kopnoparust Ka3zax-
MBIC» MOYKHO CZIEJIaTh BBIBOJ, YTO IIPOYHOCTh OETOHHOTO KaMHs B 28-JIHEBHOM BO3pacTe JOoJDKHA ObITh He Hike 30 MIla, He MeTh Pa3phIBOB, TPELIMH, PAKOBUH
U Apyrux Hapymenui. s obecrieuenus TpeOoBaHUN 110 TPOYHOCTH, MOABHIKHOCTH U CPOKY CXBAaTBIBAHHS B OCTOHHYIO CMECh BBOJSATCS IIACTU(GHUKATOPHI. BhI-
SIBJIEH PsiJl HEJIOCTATKOB HbIHE IIPMMEHAEMOr0 MaTepUalla U crocoba ero HaHeCEHUsl, B TOM YUCIIe HEOOXOIMMOCTh IPUMEHEHHUS 3all0JHUTENEH ML ¢ METKMMHI
(dpakuMsAMHU, 9TO BBI3BIBAET OOJIBIIOI IEpPepacxos IEMEHTa; HEOOXOAUMOCTh NPOCYIIKU MPOMBITHIX 3alOJIHUTENEH 10 TpeOyeMoil BlaxHocTu. B mensx ycrpa-
HEHHsI HEJIOCTAaTKOB, a TAK)KE BHEAPEHHS NEPEIOBBIX TEXHOJOTHYECKUX PEIICHHI MPU BEJIEHHH FOpHEIX padoT Ha npeanpuatin TOO «Kopnopamms Kazaxmbic»
TIPOBEJICHBI OIBITHO-IIPOMBIIIJICHHBIC HCIIBITAHNS HAOPBI3r-0€TOHHOM cMecH ¢ MPUMEHEHHEM XUMHUECKHX 100aBOK Mpoun3BozcTBa Normet.

Knroueswie cnoea: noozemmwiil pdeuK, ycaoeus 3ailecanus, moprem—ﬁemoH, Kiacc npoyHocmu, cocamue, uzeuo, ONbIMHO-NPOMbBLULTICHHbLE UCNBIMAHUA, Kpe-
njievue, nﬂacmu([mxamop, Xumuyeckue ()06616'1(14, OemonHas cmecy, YCKopumeilb CXxeambleaHusl.

Description of the research object Theoretical treatment

The physical and mechanical properties of the ore- The combined support used in the underground
hosting rocks at the Zhomart underground mine have been mine was a construction, i.e. shotcrete combined
characterized with the variable parameters. Their variability = with the anchoring support. The main load-bearing
has been caused by the modes of occurence, anisotropy of
the material composition, structure, texture and secondary 100
changes. The fine-medium-grained sandstones, Raymond
and intraformational conglomerates, gritstones, silty rocks
and sandstones have been found in the ore-hosted strata of
the open-cast. The ore deposit has been characterized as
the medium-hard and hard strength coefficient f— from 6.1
to 13.3, and an average value — 8.9. Density of the copper
ores was 2.71 t/m®. The complex ores had the density of
2.8 t/m?. The natural moisture content of copper ores in
solid was 0.49% and 0.30% for complex ones. The porosity
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Total residue on the control sieves

was 3.39% and 4.15%, respectively. :f/ >

Generally, the mean-stable rocks have been found up o P/ |
to depth of 550 m. The depth interval of 550-860 m has 0125 025 05 1 2 4 8 pe
contained the mean-stable, stable and very stable with Standard sieve ISO (mm)
the rare layers of unstable rocks. By the engineering Figure 1. The grain-size composition of aggregates
and geological zoning, the central part of the occurence for shotcrete.
(4-1) has located in the zone of the mean-stable (60%) Cyper 1. Bypikkim 6GeTonfra apHaJIFan
and stable (10%) rocks. As a rule, the side walls of TOJITHIPFHIIITHIH IPAHYJIOMETPHSIJIBIK KYPaMbl.
the occurrence had the unstable rocks, and they have Puc. 1. I'pany/ioMeTpHYECKHUI COCTAB 3aIOJTHATEIS
occupied about 30% of the area'. U1l TOPKpeT-0eToHa.

'Kazakhmys Corporation LLP. Instruction on arched support in mine workings at the Zhomart mine. — 2020 (in Russian)
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element was the rock layers strengthen by anchors
as a whole. The shotcrete, protecting the rocks from
weathering, has helped to maintain the parameters
of the anchoring support. At the Zhomart mine, the
compressive strength classes have been determined
for shotcrete: B22.5; B25; B30; B35; B40, and bending
tension: Btl1.6; Bt2; Bt2.4; Bt2.8; Bt 3.2; Btb 3.6 and Btb
4.0. The anchoring strength of shotcrete with the rock
surface has met the requirements. The minimum values
of the anchoring strength of shotcrete with the concrete
and rock surfaces have been described in Table 1.

The water-cement ratio of the shotcrete: concrete mix
with using the wet shotcrete process should be not more
than 0.55, and 0.27-0.35 for the dry shotcrete process.
The water-cement ratio in the wet shotcrete process has
been adjusted with plasticizers, and could be reduced to
0.4. In this case, the concrete flowability for workability
had to be complied with grade P4, and had an output cone
slump of 18-20 cm or flow of 50-55 ¢cm in compliance’.
The temperature of the applied shotcrete mix components
has been not less than 5°C. The cement brands have been
selected on the basis of the required compressive strength
class of shotcrete as specified in Table 2.

In order to obtain shotcrete, the basic materials have
been used as follows: binders, aggregates, additives,
water, and fiber if required. The Portland and slag
cement?® binders have been used under GOST 10178-85.

Subject of research

The aggregates have been applied for shotcrete such
as a natural sand and gravel mix (e.g., ballast from the
Kyzyl-Zhar occurrence)* * and sand under the GOST
8736 and GOST 9757. The characteristics of the natural
sand and gravel mix have been described as follows.
The gradation factor should be not less 2.5. A special

Figure 2. Data of the Civil Penetration after 60 min
after spraying.
Cypert 2. 60 MUHYT OYpPKY/JeH KeiliH A3aMaTTBIK eHYy
KYPBUIFBICBIHBIH JepeKTepi.
Puc. 2. lannsle ¢ yerpoiictBa Civil Penetration yepes
60 MUHYT mocJie Ha0pbI3ra.

Table 1
The anchoring strength of shotcrete
Kecme 1
Kecemin 6emonnviryy 6epikmizi
Tabauua 1
IIpounocms cyennenus mopKpem-6emona

Type of sprayed surface Minimum strength, MPa
1.0

0.1

Concrete
Rock

Table 2
Selection of the cement brand based on the required
class of shotcrete
Kecme 2
Bypikkiw 6emonnviyy Kaxcemmi KnacblHa 0AiAaHbICHbL
yemenm MapKacsli manoay
Tabnuuya 2
Iloooop mapku yemenma 6 3aeucumocmu om
mpefdyemozo Knacca mopKpem-6emona

Class of shotcrete The required Acceptable value
cement brand

B22,5 400 500

B25 400 500

B30 400 500

B35 500 600

B40 500 600

experimental justification should be used for the sand
less 2.5. The relative humidity should be up to 7%. A
content of the dusty, silty and clay particles should be
no more 2% by weight. The content of the clay lumps
should be up to 0.3%. The grain fraction should be less
0.14 mm up to 10%. The maximum fraction content
(more than 8 mm) should be less 10%. The particles
more than 8 mm and clay lumps have been prevented
during the screening, storage and processing of the
aggregates. The grain-size composition of aggregates
has been illustrated in Figure 1.

Plasticizers have been added into the concrete mix
to meet the requirements for strength, flowability
and setting time. Plasticizers had to comply with the
requirements of their technical specifications and had
the hygienic certificates.The shotcrete support should
meet the requirements as follows. The layer thickness
of the support should correspond to the design. The
28 day — strength of concrete cube should be more 30
MPa. It should not have the breaks, cracks, blowholes
and other defects. It should be strong anchored with
surface of the workings.The disadvantages of the
used material and method of its application have been
defined as follows. The aggregates with fines could
cause the excess consumption of cement compared
to the standard concrete. The dusting has been generated

2GOST 10181-2000 «Concrete mixtures. Methods of testing» (in Russian)

SGOST 10178-85 «Portland cement and portland blastfurnace slag cement. Specifications» (in Russian)

*GOST 8736-93 «Sand for construction works. Specifications» (in Russian)

*GOST 9757-90 «Artificial porous gravel, crushed stone and sand. Specifications» (in Russian)
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Table 3

Selection criteria of concrete composition NeMV8/9/22

Kecme 3

bemon Kypamwvin manoay kapmacwt NeMV8/9/22

Taonuya 3

Kapma noooopa cocmasa 6emona NeMV'8/9/22

Reference data

Classification and nomenclature of concrete parameters (GOST 25192)

B22,5 F200 W4 P5

Concrete scope

For concreting of mine support with using the wet
shotcrete process

The design properties of concrete and concrete mix:

The compressive strength class of concrete B22,5
s s b2 Notks 30

Frost resistance grade of concrete F200

Water resistance grade of concrete w4
Workability of concrete mix grade P5

Concrete pouring process into formwork The spraying under pressure
Concrete curing conditions in structures Natural +20

Characteristics of concrete mix components

Cement (C) under GOST 10178

Portland cement

Type, variety, grade PC 500 DO
Supplier plant SemeiCement LLP
Cement activity (not less) 47 MPa
True density 3.1g/cm?
Normal density 25.8%
Setting time: start/end 145 min/220 min
Screening natural
Supplier of open cast
Sand under GOST 8736 -
Bulk density 1600 kg/m?
Gradation factor 2.95
The largest size 10 mm

The used additives:

aqueous solutions

Plasticizer (D1) TamCem 60
Pre-calculation of concrete composition
Water-cement ratio WCR 0.44
Plasticizer D1 (TamCem 60) TC=1%
Consumption of materials per 1 m3 of concrete mixture on dry materials
Cement (C), kg; screening (S), kg C-480; S=1650

Water (W), kg; TamCem 60 (D1) additive, grams;

W =211; D1 =4800.

during the mining operations. The low capacity of the
used machines, complexity of their design and high parts
wear has been observed. The washed aggregates should
be dried to the required moisture content.

The low efficiency of shotcrete support widely used
at mines of Kazakhmys Corporation LLC has led to
problems in the safety, the mining and sinking cycle.
Thus, rock inrush in the working area, the design
dimension violations of the workings, the increased time

to secure the mine workings after blasting operations and
the high yield of «the oversize» have been observed. As
a result, it could lead to the high risks of injury to 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
introduce the advanced technological solutions in
the mining operations at the Kazakhmys Corporation
LLP, the experimental and industrial tests of a sprayed
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concrete mix with the Normet chemical additives have
been performed to use at the Zhomart underground mine.

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

1) rebound value should be measured;

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

3) the maximum layer thickness should be defined.

Research methods

The literary sources have been reviewed. The scientific
and technical documentation on shotcrete supports of
the mine workings have been studied. The pilot tests
have been performed at the Zhomart mine. The research
results with their critical evaluation to substantiate the
further development and improvement of the studied
object have been analyzed and generalized. The main
used technical characteristics of the materials have been
studied and described® [1, 2].

The tests have been conducted in two stages

1. The laboratory stage. The experimental laboratory
concrete batches have been made. The batches have
been done to determine the nominal composition for
the currently used materials at the Zhomart mine and to
define the working composition of concrete. This concrete
would be used as the main one at the second stage of the
pilot tests. The composition of the sprayed-concrete mix
(selection map and certificates of quality for materials)
has been selected. The control samples have been made to
determine the parameters of the concrete mix.

2. The industrial stage. The pilot tests have been made.
The industrial stage of tests has been performed with
using the laboratory data. As a result, the developed mix
has been directly applied in the existing process chain.

Results and discussion

Coordination and the general management of these
tests have been provided by specialists’ of Karat-
Kazpribor LLP, Norservice LLP and commission of the
Zhomart underground mine based on Table 3.

The dosing system for additives and inert materials has
been lacking. Raw materials have been delivered in 1000 kg
bags (cement, screenings) in the required proportion.
TamCem 60 plasticizer has been directly added during
preparation of the mix in the mixer. Then the mix has been
delivered from a loading place by an underground mixer
with capacity of 6 m® to the site of working operations.
TamShot 80AF setting accelerator has been added into
the concrete mix with using the automatic mode in the
Spraymec shotcrete machine. The spraying with dosage
of 8% by weight of the cement binder has been used. The
visual observations have demonstrated that the mix was
homogeneous and flowing P5. The roof and side walls of
the workings have been flooded, and points of the active
water occurrences have been observed. Shotcrete has been
made from nozzle to surface of the workings (1.5...2 m

for the side walls). Contact with the surface during the
shotcrete time was good. The sliding and fluidity of
sprayed concrete from side walls of the workings have not
been observed. The average thickness of spraying during
one drift from the side wall of the workings was 10-15 cm
at an accelerator dosage of 8%. The average thickness of
spraying on roof of the workings during one drift was 5 cm,
including places with the active water leakage. The visual
observation has demonstrated that the rebound was no more
than 10-12%. The initial strength of the sprayed concrete has
been measured with using the Civil Penetration (Figure 2).
The strength was 227 kPa after 60 min, and it has been
complied with class J1 by EN 14487-1.

The maximum spraying layer measured on side wall
was about 22 cm. The working time to prepare 4.3 m’
of mix (one mixer) was 30 min. Delivery time of the
mix to workings was 60 min. The time for the anchoring
operations including installation of the Spraymec unit and
the mixer maneuvers was 90 min. Density® of the mix was
2238 g/cm?. All properties of the mix and the spraying
technology, e.g. a rebound of the mix, rheology, storage
quality and dynamics of strength have been fully complied
with «Instruction on arched support in mine workings at the
Zhomart mine».

Conclusion

The selected fresh concrete has conformed to
requirements of «Instruction on arched support in mine
workings at the Zhomart mine» for 2020.

The operation of the mixing unit should be
optimized as follows:

1) the quality control of the concrete mix with mixers,
sampling, mix temperature measurement, density, etc.;

2) creation of quality control documents;

3) moisture control of aggregates, and adjustment of the
water-cement ratio (WCR);

4) application of chemical additives;

5) hopper to store all inert materials.

The spraying technology should be optimized as follows:

1) introduction of the spraying quality evaluation system.
It should control the thicknesses of supports led by the staff
checker and take core samples to the laboratory;

2) coordination with the project institutes to use fibers in
order to reduce the inrush;

3) training/raising of qualification for employees
working in this direction with using the training device;

4) more elaborate preparation of the surface before
spraying of a concrete layer (wash the spraying place with
water/air to remove dust and dirt);

5) application of the starting mix before spraying;

6) the using of TamCrete CR concrete remover to clean
machine units and mixers;

7) surface preparation before spraying (drainage systems
in places of the active water inflows);

8) keeping the concrete flow log.

Sdlejano 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)
"GOST 25192-2012 “Concretes. Classification and general technical requirements” (in Russian).
SACT of production of the industrial stage for the pilot testing of the sprayed-concrete mix with using the chemical additives for wet shotcrete process

at Zhomart underground mine (in Russian)
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