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SCIENTIFIC-TECHNICAL ACHIEVEMENTS
ANALYSIS AND INDUSTRIAL EXPERIENCE
IN STRENGTHENING EXCAVATION WORKINGS

Abstract. The experience of coal and mining enterprises, the development of underground mines shows that it is an important task of industrial activity to ensure the
reduction of defects in mine contours. With the «supportless» technology and the frame structure of excavations, there are intractable problems of safety and complexity of
work in the areas of long preparation works, including high-performance, where they come into contact with cleaning surfaces. In this case, the initial section of the grooves
adjacent to the cleaning surfaces is usually 14-16 m? and the second section — 9-10 m? This not only makes predictions of gas-dynamic phenomena, ventilation systems and
layer accumulation of methane in difficult ventilated working areas but also complicates the placement of modern large-sized equipment with high unit power, its transporta-
tion to a new location, worsens the situation. Exchange of jobs of people and organization of their delivery, transportation of materials create a constant high-risk situation.

Key words: zone of manifestation of increased rock pressure, fastening, support pressure, unit power, technology, methane, minerals, transportation of materials, large
equipment.

Ka30a :xyMbICTAPBIH/IA TAY KbIHBICTAPBIH HBIFANTYAaFbl FELIBIMA-TEXHUKAJIBIK KETICTIKTep MeH OHAIPiCTIK TIxKi-

pudeHi Tanmay

Amnnarna. Kemip jxoHe Tay-KeH OHAIPY KOCINOPBIHIAPBIH, XKepP aCThl Ka30alapblH Urepy ToxIpuOeci KeH Ka30alapblHbIH KOHTYPIAPbIHBIH AKaY/IbIFbIH a3aiTy/Ibl KaM-
TaMachl3 €Ty OHIIPICTIK KbI3METTIH MaHBI3/bl MiH/eTi OB TaObUIATHIHBIH KopceTeai. «TipeKci3» TeXHOIOTHAMEH JKoHe Ka30alapIblH paMalibK KYPbUIBIMBIMEH Ja-
WBIHJIBIK KYMBICTAPBIHBIH Y3bIH, OHBIH IMIIHJE JKOFapbl OHIMII, Tazanay OeTTepiMeH TYHiceTiH aiMaKTapbIH/a MENIIMEHTIH KayilCi3miK jKoHEe KYMBICTBIH KYpACIUIITi
Macerienepi TyblHaaipl. Byt skaFaaiiaa razapry OeTTepine ipresec )arkaH OMbIKTapIbIH OacTarKbl KUMAchl, aeTTe, 14-16 Mm%, an exinmi cekims — 9-10 mM? acmaiizisl. By
KHUBIH JKEJICTIICTIH JKYMBIC aiiMaKTapblH/a ra3-InHAMUKAIBIK KYOBUIBICTAPIBIH, XKEIJCTY JKYHEeIepiHiH jKoHEe METAHHBIH KabaT jKMHAKTATYBIHBIH OOJDKaMIaphbliH jKkacam
KaHa KOMMai/1bl, COHBIMEH Karap OipJIik KyaTbl JKOFaphl 3aMaHayH YJIKCH OJIIIeM Il Kab/IbIKTbl OPHATACTHIPYIbI, OHBI JKaHa JKEPre TaChIMaIay bl KUbIH/IaTaIbl, YKaF a6l
HalmapiaTajasl. AJamMIapibiH KYMBIC OPHBIH aifbipOactay sKoHE ollapibl XKEeTKi3yi YibIMIAaCTBIPY, MaTepHaiap/bl TachMallay — OyJI TYPaKThl )KOFapbl KayilTiliK jKaf-
JIafibIH TYBIHIAANHIbL.

Tyuinoi co30ep: may HcoiHbICMAPbIHbLY KblCHIMbIHbIH JHCORAPBLIAYBIHbLY KOPIHY alMagsl, GeKimy, Koioay KblCblMbl, OIpAIK Kyam, mexnonio2us, Meman, nauoausl Kazoa-
ap, Mamepuaidapobl macvlmManoay, ipi #adovikmap.

AHaau3 HAYYHO-TeXHUYECKUX IIOCTPDKEHl/lﬁ U MPOU3BOACTBEHHOI'0 ONbITA IPH YIIPOYHEHUH B BBIEMOYHBIX BblpﬂﬁOTKaX

Annorauus. OnbIT pa3pabOTKH YrONbHBIX M TOPHOPYIHBIX JOOBIBAIOIIMX HPEIIPHUATHH, MOJE3HBIX HCKOIAEMBIX, OTPabaThIBAEMBIX MOI3EMHBIM CIIOCOOOM, MOKa-
3BIBACT, YTO OOCCIICYCHHE CHIDKCHHS Ne()EKTHOCTU KOHTYPOB TOPHBIX BBIPAOOTOK SIBIISETCS BAKHOM TOPHO-TEXHHYECKOW 3ajadeil MPOM3BOJACTBEHHOU JIEATEIbHOCTH.
IIpn GecrenMKoBOH TEXHOIOIMH U PAMHOM COOPY/KEHHH BBIPAOOTOK BO3HHKAIOT HEpa3pelInMbIe MPOOIeMbl 6€30MACHOCTH M TPYAOEMKOCTH PAabOT B 30HAX COMPSIKEHUS
HOJITOTOBUTEIbHBIX BHIPAOOTOK C JUIMHHBIMH, B TOM YHCIIE BbICOKOIIPOM3BOAUTEILHBIMH, O4UCTHBIMHU 32005iMHU. ITpu 5TOM NEPBUYHOE CEUYEHHE BBIPAOOTOK, IPUMBIKAIOIINX
K OYMCTHBIM 3a005IM, KaK IIPaBuIo, He npesbimaetr 14-16 m?, a BropuyHoe cedenue — 9-10 m>. BosHukaer npobieMa He TOIBKO ra30{MHaMHYECKHX SIBICHUI, CHCTEM MPO-
BETPUBAHUS M CJIOEBBIX CKOIUICHNM METaHa B TPYAHOIPOBETPHBAEMbIX 30HAX BHIPAOOTOK, IOSBIISIOTCS 3aTPYJHEHUS B Pa3MEILICHHH COBPEMEHHOTO KPYITHOrabapUTHOTO
000pyoBaHus OOJBIIOH SMHUYHON MOIITHOCTH, €T0 TIEePEANCIIOKAIIHH, YXYAIIAIOTCS YCIOBHS 11 IEPEMEICH s TI0feii M OpraHu3aIMy X J0CTAaBKH, TPAHCIIOPTHPOBKU
MaTepHualioB, YTO CO3/IA€T CHTYAIHIO IIOCTOSIHHOM MOBBIIIEHHOH OITAaCHOCTH.

Kniwouesnle cnosa: 301a nposieneniis NOBbIUEHHO20 20PHO20 OABILeHUs, KpenleHue, ONOpHoe 0asileHue, eOUHUYHAA MOUHOCIb, MEXHONO2US, MEeMaH, NojlesHble UCKONA-

eMble, MPAHCROPMUPOBKA MAMEPUALO08, KPYNHO2ADapumHoe 060pyoosanue.

Introduction

Implementation of the task of improving the establishment
and maintenance of production facilities is an important factor
in increasing the efficiency of mineral production in mining.
The need to carry out these works is connected with the un-
satisfactory working conditions of more than 50 percent of the
Karaganda coal basin.

The weakest point in solving the problems of increasing the
efficiency of the use of roof bolting is the insufficient study
of geomechanical processes in the vicinity of mineral depos-
its. Anchors perform the main functions of tying weaker rocks
in the overburden to stronger rocks, connecting layered rocks
into a single support structure with high bending resistance,
increasing friction between rock layers, and absorbing tensile
stresses in the overburden. However, the effective use of an-
chor technology depends on the conditions of its use, which
are determined by mining geological and mining technical
factors.

It was found that the methods of calculating the parameters
of mining pillars cannot always ensure the reliable preserva-
tion of mining excavations in the area of influence of cleaning
operations. To determine the parameters of the anchor base
and to make reasonable technological decisions to ensure its
effective operation, a geomechanical forecast of the stress-de-
formation state of rocks is required, which forms the main
massif of mining production.

Therefore, the development of technological means and
systems for effective approval of preparatory work is an im-
portant task in the field of mining.

Full-scale experimental and analytical studies were carried
out, technological schemes of strengthening mines with roof
bolting were formed taking into account the development of
deformation processes to reduce the costs of conducting and
maintaining underground mines and to achieve the minimum
failure of working circuits during the operation of mining en-
terprises.

To achieve this goal, the following tasks were solved in the
monograph: mining inspections were carried out on the condi-
tion of the excavation works, which passed near the geological
faults of the Kostenko mine, and were fixed with an anchor
support; the shift of the rock chain near the ore deposits of
the Saranskaya mine of the CD «Qarmet» JSC was studied;
the effect of main stresses on the stability of mineral deposits
was determined; models for calculating the stability of ores
based on anchoring parameters were determined; the results
of studies on the improvement of technological schemes of
industrial testing of technical solutions developed in the case
of mines of the CD «Qarmet» JSC were included; production
experiments were carried out in the Kostenko mine of the CD
«Qarmet» JSC; technological developments were implement-
ed in the mining and geological conditions of the mines of the
CD «Qarmet» JSC; progressive tools were created and fixing
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parameters were determined during work in areas of geolog-
ical disturbances, in areas of high rock pressure, at the same
time, work was carried out to determine the parameters of pro-
tection of works in the areas affected by mining operations and
carry out technical and economic evaluation of technological
solutions.

Materials and Methods

Fulfillment of the research objectives is the use of full-scale
experiments and numerical modeling data evaluation methods
to form a two-level technology of mineral fixation in the case
of underground deposits; the analytical modeling of stress-
strain states; the feasibility assessment of technological devel-
opments carried out by conducting industrial experiments in
mining conditions.

Currently, three types of anchors are used in the mining
industry: mechanical anchors, anchors fixed with cement
along their entire length, and anchors fixed with polymer,
among them, anchors fixed with polymer along their entire
length are widely used in the mines of the Karaganda basin.
Mechanical anchors, especially lock anchors, are not used
in coal mines because over time their anchorage weakens
as the roof sags downward. The use of polymer-reinforced
anchors in the mining industry is limited by the high cost of
the resin. The feasibility of their use is determined by the
quick drying time and the preservation of newly covered
roof rocks, especially weak and flooded rocks. Full-length
cemented anchors are inexpensive and technically suitable
for use in coal mines [1].

Anchors ensure uniform loading of the support plate, at
angles the anchor deviates from normal to the roof by 200,
and their initial tension during anchor mounting is 45-55 kN,
which prevents overlapping of the anchored roof.

The roof bolting should be used in the following mining
and geological conditions [2]: in layered rocks with weak con-
nections between layers (in this case, anchors attach several
layers to a strong slab, where the process of crack formation is
much weaker than individual separated layers); if there are ex-
cavations of weak rocks with a thickness of 1.5-2.0 m directly
on the roof, a thick layer of strong rocks lies on top of it (in
this case, a weak roof is fixed on top of the main roof). When
located in a thick, weakly fractured massif of homogeneous
rocks, an anchorage is used. In this case, the anchor support
strengthens the attraction of rocks to each other, increases their
strength and stability and prevents the development of a col-
lapse arc; in the presence of weak, cracked rock, anchors are
mounted with holders and stiffeners. The supports are made
of metal strip, channels, special profile or welded from round
rods. In the short life of the work, as well as wooden anchors,
wooden supports made of beams, boards and saws are also
used.

Active roof control systems can be achieved by combining
different types of roof fixings. Thus, an anchor tube (7) and am-
poules with a quick-setting mixture are mounted in the drilled
hole, and the anchor iron tube is fixed with a quick-setting
mixture (2) along a length of 1.0-1.2 m, and a high-strength
metal pin (4) is attached to the monolithic mass, which a sup-
porting plate (5) is placed on it from below and pressed against
the roof rocks with a nut (6) (Figure 1).
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Figure 1. Flexible anchor: [ — anchor iron pipe; 2 — quick-
solid mixture; 3 — clutch, 4 — metal bolt; 5 — support plate;
6 — nut.

Cyper 1. Uxemai ankep: [ — ankepuix memip mymix;

2 — me3 kamamuln Kocna, 3 — mygpma, 4 — memannoan
Jrcacanean 6onm; 5 — mipeyiw nauma, 6 — 2aiKa.

Puc. 1. IlonaTiuBblii aHKeP: | — auKepHblll CIMEPIICceHDb,
2 — bvicmpomeepoerowas cmecy, 3 — mygpma,

4 — memannuueckuii bonm, 5 — onopnasn nauma, 6 — eaiKa.

This action results in a better fit of the rock with the reaction
curve. Shifts, bending and sliding may occur in the mechanical
bolt area, but the stability of the production is not compro-
mised. Therefore, in mines and quarries, they try to mount the
anchor post in the mine as soon as possible so that the anchor
iron tube is loaded when the rock is moved.

A passive full-contact anchor support is as follows: the an-
chor core is fixed along the entire length of the hole. The an-
chor iron tube is attached to the opening by means of ampoules
with a quick-setting mixture or by injecting a quick-setting
solution (mixture).

Steel-polymer anchors fixed along the entire length of the
hole by the ampoule method of supplying the hardening mix-
ture have a high load-bearing capacity (120 kN and more) [3-
7]. Such polymer-sized additives are often used despite their
high consumption and cost. To reduce the consumption of the
polymer mixture, the diameter of the hole is reduced to 25-32
mm. The characteristics of the anchor are rigid, so attempts are
made to equip it with elements of flexibility [8, 9].

Results

There is a real possibility that steel-polymer anchors, which
use an effective method of injecting a chemical mixture into
the hole, are technically more advanced than ampoules, be-
cause the injection of the chemical mixture allows increasing
its permeability to the hole rock. The strength of the anchor-
age is the effect of chemical strengthening of rocks by filling
cracks around the rock massif, and in this case, the probability
of leakage of the chemical mixture is reduced [10-12]. How-
ever, it is necessary to use a special set of equipment to inject
the chemical mixture into the hole where the anchor iron tube
is mounted. The use of this set of equipment is technologi-
cally complicated by the presence of a contact zone between
the chemical components (in the area of the mixer) during the
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transition from hole to hole (mounting of the chemical mix-
ture, cleaning of the nozzle in the mixer) and the difficulty
of mounting a seal at the mouth of the hole with limited di-
mensions of the latter (simultaneous placement of the anchor,
delivery pipe and elasticity).

Reinforced concrete anchors are attractive for the type
of composite materials used and provide the best possible
load-bearing capacity, and are widely popular in certain fields
of application in the mining industry and construction. The an-
chor is made of reinforcement (a rod, usually with a periodic
profile, parts of ropes are used, a pipe with a diameter of 6-12
mm, a wire twisted into a thread), inserted into a well or a hole;
sand cement solution to water or liquid glass with hardening
accelerators and mass expansion additives or phosphogypsum
or magnesium solution; sealing ring; a gathering and fastening
device in the form of a nut on a screw or bent loop, a rod in
a wire or cable hook. Reinforced concrete anchors are divid-
ed into ampoules and injection during solution injection after
mounting the fittings in the well [10]. The main disadvantages
that prevent the widespread use of anchors with mineral binder
in coal mines and mines are the problem of long-term increase
in strength and the efficiency of mounting technology with a
limited batch of anchors mounted in one anchor cycle. It is
clear that the greatest effect of reinforced concrete anchors in
coal mines is achieved when supporting the excavation soil (to
combat uplift), when mounting large batches of anchors from
the surface (outside the surface space) (the area where a set of
mining equipment is located, closely related to cyclic mining
operations). In the latter case, we mass-produce a fixed batch
of anchors: the requirements for the rate of increase in strength
are reduced, and defective anchors do not significantly affect
the performance of the technology.

Reinforced concrete anchors are characterized by very high
fixing strength. They are able to create a solid «rock-support»
system and absorb large compressive and tensile loads [10-
12].

Reinforced concrete anchors include anchors that consist of
a rod and fixing cement or sand-cement mortar. They can be
unstressed or prestressed. During the mounting of reinforced
concrete anchors, cement solution is pumped into the hole by
means of a pump [10]. The liquid is filled from the bottom
of the pit to its mouth mounted manually or with a hydrau-
lic or pneumatic hammer. This action creates a problem when
mounting an anchor on the roof of the excavation, because it
is necessary to wait up to 8 hours for the poured liquid to dry.

The hardening time of the cement solution can be signifi-
cantly reduced. When the rod is inserted into the hole as shown
in Figure 2 a, b, the cartridge bursts in the water capsule and
the cement gets wet. Wet cement mortar fills the entire gap and
is quickly fixed in a few seconds and has the required density
within 5 minutes.

In paper [11], a mineral-based composition is recommend-
ed for fixing the anchor rods, which ensures a strong fixing of
the anchor for 10 minutes. The authors conducted research to
determine the technological parameters of mineral-based am-
poules of ACD and checking their productivity in the mines of
the Karaganda basin. The industrial introduction of ACD am-
poules made it possible to increase work safety during mining
operations.

a)

b)
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Figure 2. Mounting a reinforced concrete anchor on the
basis of a cement mixture: a) — cement cartridge in a spur,
b) —inserting an anchor rod into the chuck,
¢) — construction of the anchor, 1 — cement, 2 — aqueous
capsule, 3 — cartridge outer shell, 4 — anchor rod, 5 — mixing
the mixture, 6 — solid cement mixture.

Cyper 2. IlemeHT Kocnachl Heri3iHae TeMipoeTOHIbI
aHKep/i OPHATY: a) — wWnypoazvl yemenmmi nampoH,

0) — namponea amKepiiK WMAaHeanvl eHeizy, 8) — aukepoiy
Kypblablcvl, 1 — yemenm, 2 — cynvl kancynd, 3 — nampoHHbIK
CLIPMKBL KAOBIEbL, 4 — aHKepriK wmaned, 5 — KOCnamwl
apanacmulpy, 6 — KamKbll Kyloeei yemeHm KOCnachyi.
Puc. 2. YcraHoBKa :Kej1e300€ TOHHOTO aHKePa HA OCHOBE
IIEMEHTHOTO PacTBOPA: @) — YEeMEHMHbII NAMPOH 6 Wnype,
0) — 8edenue 6 nampoH aHKepHOU Wmanel,

8) — Koncmpykyus anxepa; 1 — yemenm, 2 — 800AHAS
Kancyna, 3 — 060104Kka nampona, 4 — aHkepHas wmaned,
5 — nepemewusanue pacmeopa, 6 — 3ameepoesuiuii
YeMeHmHbLL paACmeop.

Steel-polymer anchors have been widely used in the prac-
tice of fixing ores. The principle of operation of these anchors
is mounting a cartridge with artificial resin and hardener on the
spur (see Figure 3).
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Figure 3. Start and finish diagram.
Cyper 3. bacTtay :koHe asiKTay cXeMachbl.
Puc. 3. Cxema HayaJia ¥ 3aBepLIEHHS.

Reinforced concrete anchors have achieved particular suc-
cess when strengthening rocks, where the anchor depth is 10-
20 m and more, the length of the concrete locking part is 3-4
m, the diameter of the wells is 100-120 mm, the pretension of
the ropes (rope bundles) is 400-1400 kN.

Discussion

The main disadvantage of fixing reinforced concrete is that
the anchor does not work until the cement mixture hardens.
This can be eliminated if a lock is added to the anchor struc-
ture, which is initially able to hold the anchor rod in the well
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with its end. Full-length cemented anchors have the following
advantages:

- high concentration of stresses in the anchor holes is not
allowed, thus allowing the use of this type of anchors in weak
rocks;

- the anchor is effective against the movement of rocks both
in the direction of the pit axis and perpendicular to it;

- the resistance of anchors to shear loads is greater than
that of anchors fixed with the end part.

But they are not very flexible, and even if the support plate
is nailed firmly to the roof rock with a nut, only the plate and
the part of the anchor rod adjacent to the plate are active. This
design prevents settlement of the roof rock so that stresses are
concentrated at the rock contact. When the stresses exceed the
strength characteristics of the rock in contact, the latter col-
lapses and spills, and the anchor iron tube is exposed between
the slab and the roof.

The passive type is the screw anchor, because it receives the
axial load only after the roof rocks have shifted.

Screw anchors are mounted in pre-drilled holes, and the di-
ameter of these holes is smaller than the outer diameter of the
screw. Wells are drilled with cutters with a diameter of 26-27
mm, so when the screw anchor is inserted into the well, it is
inserted into the rock as an engraving.

During the testing of screw anchors, certain shortcomings
were revealed [12], that is, screw anchors were not suitable for
mounting in such rocks as carvings.

The twisting of the anchors is limited by the intersection
of solid inclusions found in the rocks, because the amount of
resistance of the screw anchors increases significantly when
such twisting occurs.

Screw anchors are used in potash mines with plastic rocks.
Due to the difficulty of mounting in hard rock, they are rarely
used in coal mines. They are not used in mines where the rock
strength in the roof exceeds 120 MPa.

The «Swellex» and «Split-Set» friction anchors are of spe-
cial interest. «Swellex» is a deformable tube that is expanded
to the shape of the hole by water pressure and forces to fix the
unit length of the hole. It takes effect immediately after mount-
ing. Their mounting causes a reduction in the length of the rod,
which contributes to the pressing of the base plate against the
roof rocks in the mine. The loading of the Swellex array with
an anchor has its own form (Figure 4, a) and this form is very
similar to an anchor of the end type and cemented along the
length of the spur. But compared to the latter, it has an indis-
putable advantage: «Swellex» can slide along the hole without
losing its load-bearing capacity under high mountain pressure,
that is, «Swellex» is a flexible anchor. But during long-term
use of this anchor, problems with corrosion of the metal pipe
arise. «Swellex» anchors are used only where the service life
is not long.

«Split-Set» friction stabilizer anchor is widely used in the
US mining industry. As the split core is forced into the hole,
the spring action of the compressed pipe exerts a radial force
on the rock and creates a frictional resistance to the sliding
of the rock on the metal. It loads axially and radially along
the entire length of the joint contact (Figure 2 b). The radial
directions of the forces on the walls of the pit are estimated to
be 3.5 kg/cm?.
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Such active loading of the rock with the «Split-Set» sta-
bilizer creates a peculiar pear-shaped load distribution in the
mass of the roof [12]. The lower part of the pressure «pear»
is located directly under the slab, and along the entire length
of the anchor’s contact with the rock, a cylindrical column of
rock compression is formed. Due to the triaxial load in this
area, the strength of the rock and its stability increase signifi-
cantly.

When mounting a stud, the rod slides into the hole without
being loaded to the point of failure. Then, as the rock com-
pressive forces (displacement) appear, the anchorage increases
with time and tends to match the rock compressive load re-
sponse curve with the adjustment of internal stresses.

Integrated or specialized anchors allow efficient controlling
the roof. By combining different types of supports, active
roof control systems can be achieved, as the mechanical bolt
of the combined support is not connected to the stone by the
quick-setting mixture, which reduces the stiffness modulus of
the system and allows the stone to move around the rock and
to some degree «breathey.

Figure 4. «Swellex» (a)
and loading diagram of «Split-Set» systems (5).
Cyper 4. «CBeJuieke» (a)
soHe «CrnimT-Cer» KyleJepiHiH JKyKTey
auarpaMmacsl (0).
Puc. 4. dniopa Harpysxenus cucreM «Cpeslieke» (a)
u «Cmumut-Cet» (6).

This allows the bolt hole to place more stress on the base
plate and to cause uplift stress within the rock massif. In this
case, the load on the base plate should not exceed 50% of the
yield strength of the bolt steel. Excessive initial load on the
base plate can cause dangerous situations, for example: sudden
rupture of the anchor rod or separation of the rocks adjacent
to the bearing plate, because in such anchoring there is practi-
cally no anchor sliding. To prevent this, on the one hand, it is
necessary to use high-quality materials such as high-strength
steels and large-diameter rods, and on the other hand, to intro-
duce flexible elements into the anchor structure. The problem
is that the support system is too stiff and the support stresses in
the mass are not developed.

In the coal industry of Great Britain, Australia and the Unit-
ed States, the construction and anchoring of workings with a
rectangular cross-section is a common technology. In Germa-
ny, rock bolts are also widely used in the mining industry. For
example, in the Augusta Victoria Mine, roof bolts were used in
excavations with a rectangular cross-section (Figure 5).

Initially, the anchor was stressed with the force of 1300-
1700 kN, then the force decreased to 1100-1400 kN. This
measure was carried out in order to prevent future excessive
stresses caused by rock deformations during arch stabilization.
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Figure 5. The diagram of the anchor arrangement:

1 — 2.4 m long anchors on the excavation roof; 2 — 1.2 m
long anchors on the sides; 3 — 2.4 m long anchors in the coal
seam; 4 — coal layer.

Cyper 5. AHkepJiepaiH OpHAJIACy cXeMAachbl:

1 — Kaszba mebecinoezi y3viHObI2bL 2,4 M aHKepiep;

2 — byuipnepinoe y3viHObi2bl 1,2 m ankepiep,; 3 — Komip
KabamuvlHOabl Y361HObLebL 2,4 M anKkeprep,

4 — kemip Kabamul.

Puc. 5. Cxema pacnosiokeHusi aHKepoOB:

1 — ankepot Onunotl 2,4 m 8 Kposie 8bipabomku; 2 — aHKepbl
onunou 1,2 m 8 bokax, 3 — anxepwvl Onuno 2,4 m 8 y2onbHOM
naacme; 4 — yeonvbHulil naACH.

To ensure the ability to monitor the structure during operation,
the control anchors in the wells along their entire length were
not sealed with cement mortar. This made it possible to work
with tension during operation.

The following anchor constructions are used in foreign and
domestic practice: intermediate type metal anchors, reinforced
concrete anchors, steel-polymer anchors with cores made of
polymer materials, flexible anchors, movable anchors and rope
anchors.

Three main types of intermediate anchors are used: wedge
holes with an intermediate sleeve and two wedges. These an-
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chors are always used pre-stressed. Intermediate anchors used
in domestic practice have a number of significant disadvan-
tages. Additional devices are required to attach these anchors
to the well, which requires additional time and labor costs to
mount them.

Conclusion

In the coal mines of the USA, Great Britain and the other
countries, anchor rods with intermediate locks of various de-
signs are common. In these anchors, the lock consists of two
halves equipped with guides, between which a steel wedge is
inserted and fastened to the threaded part of the anchor. Both
are equipped with protrusions of different shapes on the out-
side, which are designed to eliminate vertical sliding during
anchor operation and prevent rotation of the lock in the well
when the anchor is attached. When mounting the anchor, both
halves of the lock are held by a steel clamp, which temporarily
fixes them with a wedge. A spiral spring serves to create a cer-
tain distance of the lock when mounting an anchor in a well,
without using the mounting pipe for these purposes.

This article presents the results of scientific-applied re-
search of production processes, the technology of conducting
preparatory work in complex mining technical conditions of
production of coal layers. The desire to secure anchor posts
more reliably in weak rock has led to the development of
foreign anchor post structures with extended locks or double
locks to have a larger contact area between the anchor lock and
the well walls. These anchors are very difficult and expensive
to make, so they have not been widely used.
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