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Abstract: The technology of stage-by-stage anchoring of mine workings, conditions to maintain the workings depending on
mining and process parameters are investigated. The research allowed developing the effective scheme for applying the anchor
workings. The process of lining erection, even at fixing workings with anchors, is from 40 to 70 % of the tunnel cycle, it follows
from this that high-performance and expensive tunneling equipment has downtime more than 40 % of its working time. Thus,
the technological schemes for carrying out and fixing underground excavations, which are currently used, do not meet to the
modern requirements for coal mine equipment using, and to the timing of excavation, and accordingly they do not contribute to
increasing labor productivity. The conducted researches made it possible to increase the operating time of the combine and
increase the speed of carrying out underground excavation spadework and to strengthen the fastening due to the technology of
phased anchorage. The technology of stage-by-stage anchoring allows increasing the pace of underground workings not only
by increasing the productivity of tunneling combines, but also by combining the basic technological processes of the tunnel
cycle. It is possible to achieve this by dividing the bottomhole zone into two separate zones, in each of which various operations
of a sinking cycle are made. That is, while conducting work on cutting and extracting rock mass in one zone, simultaneous work
on securing the workings in the other. With the step-by-step anchoring of the mine workings, the rate of sinking is increased by
approximately 25 %, compared with the standard technology of tunneling and fixing the mine workings. The daily machine
work time of the combine machine increases to 0.2-0.5, and the speed of the workings increases by 20-30 %.
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TAY KA3BAJIAPBIH KE3EH-KE3EHIMEH AHKEPJIIK BEKITYIH ¥MbIMJIACTBIPY

Tyitingeme. byn »xymbicTa Tay-KeH Ka30aiapblH Ke3eH-Ke3eHIMEH aHKEPJiK OCKiTy TEeXHOJOIMSCHI, Tay-KeH TEXHHUKAJbIK JKOHE
TEXHOJIOTHSUIBIK MapameTpiepre OaillaHbICThl Ka3bIH/BIHBI KYTINl yCTay LIApPTTapbl 3€PTTENreH. 3epTTeylep Tay-KeH Ka3OaiapblH
ycran Typy YIIiH aHKepiik OeKiTymi maimanaHyablH THIMII ChI30anapblH KacayFa MYMKIHTK Oepmi. Bexitmeni TyprbeI3y ypaici,
Ka3bIH/IBLIAp/bl aHKEPIIePMEH OCKITKEHHIH o3iH1e, Kasy (YHriney) uukiiniz 40-tan 70 % Kypaii/ibl, OyJ1 Ke3/ie KOFaphl canalbl XKoHe
KbIMOAT YHrijiey KOHABIPFBLIAPBI )KYMbIC YaKbIThIHbIH 40 %-HaH apThlK Oeniringe Oocka Typaabl. Ocbuiaiiiia, Kasipri yakbITTa
Nai/lalaHbUIaThIH Kep acTbl Ka30alapblH Ka3y jkKoHE OEKiTy JKYMBICTapBIHBIH TEXHOJOTMSUIBIK ChI30anapbl (cXxemaiapsl), KeMmip
IIaXTaJapbIHIAFbI ka0 /IbIKTap/IbI )KOHE )KYMBIC YaKbITBIH MalilaIaHy IbIH 3aMaHayH TajJanTapblHa cail KeJIMEHIi, OCBIHBIH cajlJapblHaH
eHOeK OHIMIITITiHIH apTybIHA bIKMAT eTreiini. KoMOaliHHBIH )KYMBIC iCTey YaKbIThIH YIIFAHTY jKOHE Kep aCThl 93ipiiey KYMbICTAPbIHBIH
KBUIIAM/IBIFBIH apPTTHIPY, COHAN-aK TipeyilTep i KYIISHTY )KYMBICTaphl Ke3eH-Ke3eHIMEH aHKepJIey TEXHOJIOTHSCH! apKBUIBI JKY3ere
aChIPBLITYbl MYMKiH. Ke3eH-ke3eHIMeH aHKepiiey TeXHOIOTHACH! MaiiallaHbUIFaH/a )KePACThI )KYMBICTAPbIHBIH KapKbIHBI TEK YHIUIEY
KOMOaHIapBIHBIH OHIMIIITIH apTThIPy apKbUIBI FaHa €MeC, COHBIMEH Karap Ka3y (YHriley) HUKIiHIH Heri3ri TeXHOJIOTHSUIBIK
YpaicTepin OipiKTipy apKbUIBI apTTHIpbLIaAbl. By KaOGaTThIH KeHXKap aiiMarblH eki Oernek aiiMakrapra Oeidy apKbLIbl Ky3ere
aCBIPBUIAIBL, OJIAP/IBIH OPKANCHICHIHA Ka3y IUKIIiHIH OpTYpJIi ONepanusuiapsl OpblHAANAAbL. SIFHN, Oip aliMakTa Tay MacCachlH YHT1IEeY
JKOHE IIBIFAPY JKYMBICKHI JKYpri3iice, 6acka aiiMakra Tay Ka30amapblH OSKiTy JKYMBICTaphl Kyprizitesi. Tay-keH Ka30agapblH Ke3eH-
KE3eHMEH OCKITKEH Ke3Jle, YHFbIIAY )KYMBICTAPBIHBIH JKbUIIAMIBIFB CTAHIAPTTH TEXHOJIOTHUSIMEH CAJBICTBIpFaHa 25 %-Fa aprapl,
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a1 KOMOaWHHBIH KYHAENIKTI MAIIMHAHEI NaiJagaHy yaKbITBIHBIH TOYNIKTIiK ko3¢ ¢unuenti 0,2-0,5 neifin, an kKa30a >KYMbICTapBIHBIH
*bu1IamMIbEsl 20-30 % apTagsl.
Tyiiin ce3nep: aHkep, Tay-KeH Ka3z0aiapbl, KoMip MIaXTackl, Ty KBIHBICTAPBIHBIH Ae(OpMansICh], OEKITIICHI TYPFHI3Y, YHI'UICY IUKIIBI
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OPT'AHM3ALUSA ITO3TAITHOI'O AHKEPHOI'O KPEIIJIEHUSI TOPHBIX BBIPABOTOK

Pe3tome. VccienoBaHbl TEXHOJIOTHS MO3TAIHOIO aHKEPHOIO KPEIUICHHS TOPHBIX BBIPAOOTOK, YCJOBHS HMX IMOJJICPKaHUS B
3aBHCHMOCTH OT TOPHOTEXHHYECKUX U TEXHOJIIOTHUECKHUX MapameTpoB. VccrneqoBaHus MO3BOIMIN pa3paboTaTh 3h(EeKTHBHBIC CXEMbI
MPUMEHEHHUsI aHKEPHOI'O KPETUICHHUsI TOPHBIX BhIpaboTOK. IIpoliecc BO3BEICHHS KPeIH, JaXe MpU KPEIUICHHH BhIpa0OTOK aHKEpaMH,
coctaBisteT oT 40 10 70 % NPOXOAYECKOro IUKIIA, U3 9TOTO CIIEAYeT, YTO BHICOKOIPOU3BOANUTEIIBHOE U JOPOTOCTOSIIEE IPOXOIIECKOE
obopynoBanue umeeT npocrou 6omee 40 % cBoero pabodero BpemeHu. TakuM 00pa3oM, TEXHOJIOTHYECKHE CXEMBI NPOBEICHUS H
KpPEIUICHHs] OJ[3EMHBIX BBIPAOOTOK, IPHUMEHSEMBIC B HACTOSIIEE BPEMsi, HE COOTBETCTBYIOT COBPEMEHHBIM TPEeOOBaHHUSIM YTOJNBHBIX
IaXT MO HUCIOJIBb30BAaHUIO 000PYA0BaHNUS U BPEMEHH MPOBEICHHUS BEIPAOOTOK, H COOTBETCTBEHHO OHH HE CIIOCOOCTBYIOT TOBBILICHHUIO
MPOM3BOJUTENBLHOCTH  Tpyaa. IIOBBICHTH Bpemsi paboThl KoMOailHAa H  YBENMYHTH CKOPOCTh IIPOBEICHHUS IMOM3EMHBIX
MOJITOTOBHUTEJBHBIX BBIPAOOTOK, a TAKXKE YCHJIUTh KPEIICHHEe BO3MOXKHO 3a CYET TEXHOJOIMH MOSTAIHOrO aHKEPHOrO KPEIUICHHS.
TeXHOJIOTHsI TIO3TAITHOTO AHKEPHOTO KPEIUICHHUS TI03BOJISICT YBEIMUUTD TEMIIbI IPOBE/ICHHS MOI3EMHBIX BHIPA0OTOK HE TOJIBKO 3a CUET
YBEJIMYEHHUSI TIPOU3BOAUTEIHLHOCTH MPOXOMYECKUX KOMOAWHOB, HO M 38 CYET COBMEILICHUS! OCHOBHBIX TEXHOJIOTHYECKHX MPOLECCOB
MPOXOAYECKOr0 IHUKJIA. ITO BO3MOXKHO JOCTHYb ITyTE€M pa3fIelicHHs MPH3a00HHON 30HBI Ha JIBE OT/ENIbHBIC 30HBI, B KaXIOW M3
KOTOPBIX TPOU3BOJISITCS PA3INUHbIC ONEPALMH MPOXOAYECKOro uKia. To ecTh NpH BeJeHHH paboT Mo 3apyOKe ¥ H3BJICUCHHIO TOPHOIT
MAcChl B OJTHOH 30HE, OCYIIECTBIIATH OJHOBPEMEHHOE BeJICHHE paboT 10 KPEIUICHHIO BRIPAa0OTKH B ApYroit. [Tpu Mo3TanHoM aHKEpHOM
KPEIUICHHH TOPHOM BBIPaOOTKH YBETHUUBACTCS CKOPOCTH MPOXOIKH TIPUMEPHO Ha 25 % 110 CpaBHEHHIO CO CTAHIaPTHON TEXHOIOTHEH
MPOBEJCHHST U KPCIUICHUS] TOPHOH BBIPAOOTKH, & TAKKE YBEIUYHMBAIOTCS CYTOYHBIH KO HUIHEHT pabOThl MAIIHHHOTO BPEMEHH
kombaitna 10 0,2-0,5 u ckopocts npoBeaeHus BeipaboTok Ha 20-30 %.

KuioueBble ci10Ba: aHKep, TOpHas BHIPAOOTKa, YrojbHas IIaxTa, Ae(popMaliys TOPHBIX IOPOA, BO3BEACHUE KPEMH, IPOXOTUCCKHUI

LUKIT

Introduction. Recently, the mines of the
Karaganda coal basin have undergone changes in
the mining and technical conditions of development.
With an increase in the depth of development, in
more scale reserves with complicated mining and
geological conditions are developed. Increasing the
depth of mining contributes to the growth of the gas-
richness of the seams, their outburst danger and the
change in the stress-strain state of the rock massif
around the conducted excavations.

In connection with these complicating factors,
the pace of mine workings began to drastically lag
behind the time of advancement of the working faces,
which leads to delays in the commissioning of
mechanized lavas, that is, ensuring the necessary
front of clearing operations [1].

To assess the complexity, disturbance and
methods of influence on the rock massif, Figure 1
shows the types of difficult conditions, the
characteristics of the massif, the nature of the
manifestation of complexity, and the nature of the
manifestation of deformations [2-5].

In the mines of the Karaganda coal basin,
according to the fastening passports, 15 % of the
underground workings are fixed by anchoring, 45 %
— of the mixed type by metal arch support (MAS)
and anchor support and 40 % — metal-arch support.
An analysis of the exploitation of underground pits

in the mines of the Karaganda coal basin in various
mine-geological and mine-technological conditions
has shown following. The reason for the low
penetration rate is an increase in the time required
to fasten the workings due to the increase in the
cross-sectional area and the support parameters (the
anchorage density, the length of the anchors, etc.).

Experimental Part. The technology of stage-
by-stage anchoring of the preparatory work with the
use of composite anchors. Figure 2 is a graph of the
organization of the preparatory works of the mine
"Kazakhstan" of the Karaganda coal basin.
Preparatory workings have been completed in a pure
form with the use of an anchorage. The distance
between the rows of anchors is 0.5 m. The distance
between the strips is 1 m.

From the schedule of work organization it is
evident that during the work of the site in the
technological shift, the construction of the anchor
support takes 55 minutes, which is 50 % of the time
of the break-through cycle. For a single
technological shift, the group of workers performs 3
cycles, with the passage of workings for a length
of 1.5 m.

Experience has shown that, in difficult mining
and geological conditions, a secondary anchorage is
used to strengthen the standard anchorage using
deep-seated anchors with a high bearing capacity.
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Figure 1 — Assessment of manifestations of deformations taking into account mining and geological
conditions of development

The name of Workers | 1 cycle Shift 1 Shift 2, 3, 4.
the operation number, | duration, Shift hours Shift hours
P person | minutes | 1 |2 [ 3 |4 |5]6|1]2|3[4]5

The work of the

combine 1 55 o

Loading of rock ]

mass 1 55

Construction of

anchorage 3 55

Build-up of

ventilation 3 30

pipeline

Other support

works 3 55 -

The inspection

of the machines 1 360

Shipping

materials,

growing the 7 360

fireproof and air

column

Figure 2 — Schedule of organization of works of the preparatory site of the mine "Kazakhstan"
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The use of composite anchors leads to the
sustained maintenance of preparatory workings
adjacent to the purifying bottomhole. [6,7]. When
moving the lava and getting the workings in the zone
of bearing (increased) rock pressure, composite
anchors allow increasing the safety of work and
maintaining the necessary parameters for the entire
lifetime of this production. The construction of the
composite anchor AVPK 22 is shown in Figure 3.

1 —reinforcing rod L1; 2 — reinforcing rod L2;
3 — support plate washer; 4 — screw nut hemispherical;
5 — coupler

Figure 3 — Construction of an anchor composite
AVPK 22

Brief technical characteristics of the
composite anchor AVPK 22. Anchor fasteners AVPK
is designed for fastening underground workings in
coal mines with the chemical method of fastening
steel rods in wells with a diameter of 27-30 mm,
drilled in coal and rock with a compressive strength
of at least 10 MPa for coal and 25 MPa for rocks. The
main parameters are shown in Table 1.

Table 1 — Basic parameters of composite anchor AVPK 22

Composite
Basic parameters Anchor

AVPK 22
Load-bearing capacity, kH, not less than | 240
Length of the anchor rod (L1, L2), mm | 1500-3000
Length of composite anchor with | 3200-6200
coupling (L), mm

Step-by-step anchoring provides for the first
stage to install a minimum number of KAS anchors
using the strips necessary for the stability of the
bottomhole formation part. The design of the KAS
anchor is shown in Figure 4.

Brief technical specification of the KAS
anchor. Anchor support KAS is designed for fixing
the roof of underground workings in coal mines with
the strength of coal and rock for compression,
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respectively, 10 and 25 MPa and the sides of the
excavations with the strength of coal and rock for
compression, respectively, 6 and 20 MPa. The main
parameters are shown in Table 2.

1 2 3

1 —reinforcing rod L; 2 — support plate washer;
3 — helical hemispherical nut

Figure 4 — Construction of the KAS anchor

Table 2 — Basic parameters of the KAS anchor

Basic parameters Steel anchor
KAS

Diameter of the rod, mm, min / max 21,6/25

Load-bearing capacity, kH, not lessthan | 223

Length of the anchor (L), mm 1500-3000

After installed in the first stage of the anchors
KAS with strips, in the second stage, the installation
of composite anchors is made and the fastening is
fixed to the passport value, at some distance from the
face (Figure 5). Installation of composite anchors in
the second stage of fastening is provided in such a
way as to make up the tightness of the anchorage,
including the steel anchors to make the support beam
above the workings roof. It is important to note that
the anchors installed at the sides and the anchor
against the heaving, at the side of the future lava,
must made from fiberglass.

The fastening of the support to the passport
value at the second stage of fastening can be made in
the repair and preparation shift, and also during the
removal of the mass behind the combine in the
technological shift or during the forced downtime of
the combine. To ensure safety in the conduct of work
using a phased anchorage, it is necessary to conduct
constant monitoring of the displacement of the
roofing of the mine workings, as well as the
deformation of the anchorage support at each stage of
the fastening.

If necessary, to adopt operational decisions to
strengthen the fastening of the mine workings.
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Figure 5 — Technology of stage-by-stage anchoring of the preparatory working

With the use of a phased fixing, the schedule
of work organization, when carrying out the
preparatory workings out, takes on the following
form (Figure 6).

Results and discussion. The use of the phased
anchoring technology allowed to increase the

24

performance of work by a link of workers in the
technological shift up to 4 cycles, i.e. the production
per working shift was 2 m, which is 25 % more than
the production in the standard way [8, 9].

The technology of stage-by-stage attachment
of the mixed type in the preparatory work.
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The name of Workers | 1 cycle Shift 1 Shift 2,3,4.
the operation number, duration, Shift hours Shift hours
P person minutes 1] 2 3| 4 2 3 4 5 6

The work of
the combine 1 5
Loading of 1 56
rock mass
Construction of 3 27 n il —
anchorage
Build-up of
ventilation 3 30 |
pipeline
Other
supporting 3 55
work
The inspection
of the machines 1 360
Shipping =
materials,
growing the 7 360
fireproof and
air column

Figure 6 — Schedule of work organization using the technology of phased anchorage

In the Karaganda coal basin, the share of
mounts of preparatory workings by a mixed type
accounts for about 45 % of all underground
workings.

Mounting of mixed type implies the joint use
of MAC and anchor bolts.

Work organization schedule

This combination ensures a high load-bearing

capacity and a stable maintenance of the preparatory
work. Figure 7 shows the schedule for the
organization of the preparatory works of the mine
"Kazakhstan". The preparatory work was completed
with a mixed type of attachment.

The name of Workers | 1 cyt_:le S_hift 1 Shift 2,3, 4.
the operation number, du_ratlon, Shift hours Shift hours
person minutes 1 2 3 4 2 3 4 5 6

The work of the 1 90
combine
Loading of rock 1 90
mass
Erection of 3 40
MAK et -
The erection of 3 45
the anchor I—
support
Build-up of 3 25
ventilation
pipeline
Other support 1 90
works
The inspection 1 360
of the machines — I
Shipping 7 360
materials,
growing the
fireproof and
air column

Figure 7 — Schedule of organization of works of the preparatory site of the mine "Kazakhstan
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The schedule of work organization shows that
during the work of the site, in the technological shift
the construction of the anchor support takes 45
minutes, which is 25 % of the time of the sinking
cycle. For a single technological shift, the link of
workers fulfills two cycles, with the passage of mine
workings to a length of 1.5 m. During a day, the
working is 4.5 m.

The technology of stage-by-stage fixing of the
preparatory work with the use of a mixed-type
fastening provides for the first stage of the MAC
installation to ensure a stable support of the
bottomhole part of mine working. At the second stage
the steel anchors are installed and the fastening fixed

the first stage of fastening

up to the passport value, at some distance from the
bottom (Figure 8). It should be noted that the distance
between the MAC frames installed in the first stage
in this case increases by 20-30 %, and the steel
anchors installed outside the bottomhole zone (in the
second stage) increase the mine workings contours
stability to ensure the required fixing installation
density.

The fastening of the support up to the passport
value at the second stage of fastening can be made in
the repair and preparation shift and, during the
removal of the mass behind the combine in the
technological shift or during the forced downtime of
the combine [10-13].

the second stage of fastening

M. the first stage of
fastening

-1

the first stage of
fastening

g tunneling equipment is
9 not shown conditionally
|

B the second stage of I-(— |.¢2_

fastening

-
the second stage of
fastening ¥’ ja

32 1 J

1

tunneling equipment is
not shown conditionally

Figure 8 — Technology of stage-by-stage attachment of a mixed type of preparatory work
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Work organization schedule

The name of Workers 1 cy_cle S_hift 1 Sh?ﬁ 234
the operation number, du_ratlon, Shift hours Shift hours
person mnutes | 1 | 2 |3 |4 |5 |6 |12 |3 |4[|5]|F6
The work of 1 90
the combine
Loading of 1 90
rock mass
. 3 40

Erection MAK — =
The erection of 3 45
the anchor
support
Build-up of 3 25
ventilation ||
pipeline
Other support 1 90
works
The inspection 1 360
of the —
machines
Shipping 7 360
materials,
growing the
fireproof and
air column

Figure 9 — Schedule of work organization using the phased attachment technology

With the use of a step-by-step fastening, the
schedule of work organization, while carrying out the
preparatory work with the fixing of the mixed type,
takes on the following form (Figure 9).

Application of stage-by-stage technology
allowed increasing the work of the combine and
the loading of rock mass for 90 minutes per one
technological shift, which is 25 % more than the
working conduction by the standard way. The
output per day was 6 m. [8, 9, 14-16]

Conclusions. The analysis showed that the
use of stage-by-stage fastening of underground
mining excavations allows increasing the daily
coefficient of combine’s machine time up to 0.2-
0.5. Also, carrying out the mine workings with
the technology of stage-by-stage fastening
allows to reduce the time of the sinking cycle by
25-50 % and, accordingly, to increase the speed
of the workings by 20-30 %. Thus, the
expediency of using this technology is obvious.
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