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Abstract. Considers the features of the application of anchor fastening of mine workings in the mines of the Karaganda
coal basin. Also contains the schemes for the use of two-level fastening of the roof of the workings with changing
parameters of the lateral enclosing rocks. Calculations are also given for different depth of laying, depending on the
depth of laying of the workings from the surface. The presents a developed method of fastening roof rocks with an
anchor bridge for their use at deep horizons (more than 600 m) with unstable direct roof and lateral enclosing rocks.

As an example of the application of this solution presented the passport of fixing the roof of the conveyor drift 61k;,-3
in the zone of reference pressure from the lava of the Saranskaya mine (Karaganda coal basin) using this technology.
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Introduction

The current trend in the use of purposeless
mining technology requires the search for reliable
means of protecting the development workings,
primarily adjacent to the treatment area.

Manifestations of technological factors are
determined by the depth of development, the direction
and speed of advancement of the preparatory faces,
the methods of carrying out and protecting, the types
of lining and the technological scheme of securing
mine workings [1,2].

Research materials and methods

Analyzing the practice of using excavation
workings, the main mining and geological factors
influencing the conditions for their implementa-
tion and maintenance should include; the depth
of occurrence, which determines the magnitude of
the vertical and horizontal components of the rock
pressure; thickness and dip angle; properties of host
rocks.

The volume of introduction of anchoring of mine
workings in the mines of the Karaganda coal basin
is 12% in pure form, and 42% in mixed form. For a
wider use of anchoring, it is necessary to justify its pa-

rameters depending on the development conditions,

determine the area of possible and effective operation
and create progressive technological schemes for its
construction [2].

The main reasons for the limited scope of the use
of anchoring of workings are [3]:

- complication of mining and geological and
mining technical conditions with the transition to a
development depth of more than 600 m;

- 35-40% increase in the cross-sectional area of the
workings, especially the technological schemes of the
adjacent excavation workings;

- insufficient knowledge of the geomechanical
processes in the rocks around the workings at the
lower horizons and the performance of the roof
bolting under these conditions.

When the roof rocks are fastened, the workings in
it can contain layers of near-contour rocks of different
physical-mechanical, strength and geometrical
parameters.

In this case, stratification and crack formation
zones can be located at different distances from the
excavation contour [4].

In the zone of influence of cleaning works, various
fastening schemes can be applied depending on the
characteristics of the roof rocks: one-, two-level and
combined fastening scheme.
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Figure 1 shows a diagram of a two-level support
for the roof of a mine with varying parameters of the
side enclosing rocks.

The predicted depth of squeezing of rocks
subjected to compression across layers is in
accordance with the given design scheme from the
expression:
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where C is the depth of extraction of coal or rocks
in seam or rock workings, m; K, — the coefficient of
concentration of compressive stresses in the heels
of the arch of natural equilibrium, associated with
the production; the choice of K, is made depending
on the method of carrying out, the shape and ratio
of the transverse dimensions of the mine; to obtain
the depth of the extraction of rocks at the junctions
of the workings, the values of K,, increase by 1.4
times; 7 is the average density of rocks overlying the
excavation to the surface, t/m’ H is the depth of the
excavation from the surface, m; B is the coefficient
of the influence of treatment works for seam and
rock excavations constructed outside the zone of
influence of treatment works [5,6]; @ is the angle of
incidence of rocks, degree; ¢. is the average strength
of a compressible stratum of rocks with a thickness
of h, undercut by a working, MPa; in the presence of
a layer of rocks, weaker in terms of bearing capacity,
in the compressed stratum, its ultimate compressive
strength is taken in the calculations; £ is the thickness
of the compressible strata of the rock layers undercut

by the working, m.

In the presence of heterogeneous rocks of
different strength in the undercut massif, the
thickness of the layer (layers) should be understood
as the thickness of the weakest member of rocks
contained within /; o is the apparent angle of internal
friction of rocks undercut by mining, degree. With
a significant difference in the strength properties
of rocks undercut by a working, the values of ¢ are
selected for the weakest pack of rocks within & [7].
The dependence of the apparent angle of internal
friction of rocks on their compressive strength is
expressed by the equation:

o= arctg%,
o= arctg%—g = arctg2,4 = 67.

The choice of K, — the coefficient of concentration
of compressive stresses in the heels of the vault of
natural equilibrium associated with the excavation
is made (K,,=1.5) depending on the method of
conduction, the shape and ratio of the transverse
dimensions of the excavation. To obtain the depth of
the extraction of rocks at the junctions of the workings,
the value of K, increases by 2-3 times (respectively,
1.5*2=3 and 1.5*3=4.5).

Depending on the depth of the excavation from
the surface. The calculations show the calculations
for different depths (H=600, 700 and 800 m).

Depending on the average strength of the
compressible rock stratum (¢.), MPa, which is taken
as 10, 15 and 24 MPa.

maximum depth of
extraction of rocks (5m)

1 - zone 1 (zone of strengthening of the roof with steel-polymer anchors); 2 — zone 2 (zone of strengthening the roof with rope
anchors); 3 — zone of strengthening of the connection of zone 1 (zone of strengthening of the roof with steel-polymer anchors)
and zone 2 (zone of strengthening of the roof with rope anchors); 4 — rope anchors; 5 — steel-polymer anchors;

6 — zone of maximum hardening of the connection between zone 1 and zone 2

Figure 1 — Scheme of a two-level fastening of adjoining rocks of the roof of the mine
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The depth of squeezing is found at an average
rock strength of 24 MPa, at a depth of 600, 700 and
800 m, it is, respectively, 0.05-1.2, 0.09-1.5 and 0.19-1.8
m.

The squeezing depth is found at an average rock
strength of 15 MPa. With a depth of 600, 700 and 800
m, itis 0.35-2.28, 0.5-1.64 and 0.67-3.25 m, respectively.

The squeezing depth is found at an average rock
strength of 10 MPa. With a depth of 600, 700 and 800
m, it is 0.83-3.7, 1.08-4.4 and 1.32-5.1 m, respectively.

The calculated data show that with an increase in
the concentration coefficient of compressive stresses
(Ks) and a decrease in the average strength of a
compressible stratum (p), the depth of squeezing of
rocks C, m, increases (Figure 2).

With the maximum concentration coefficient
(K+=4.5) and the minimum rock strength (o.=10
MPa), the squeezing depth reaches the highest level
of 5.1 m.

The depth of the excavation also plays an
important role, since with its growth, the depth of
squeezing of rocks also increases (see Figure 2).

Main results

Below is a developed method of anchoring roof
rocks with an anchor bridge for use in deep horizons
of coal mines (more than 600 m) with an unstable
immediate roof and side enclosing rocks.

The task of the technical solution is to increase the
stability of the immediate roof on unstable sections of
mine workings, increase the safety of work on deep
horizons by stitching unstable rocks of the immediate
roof and then fixing the created artificial «bridge» to
the strong rocks of the main roof [8,9].

The technical result provides an improvement in
the technical condition of the roof bolting, the creation
of conditions for maintaining a constant section of the

mine, ensuring the greatest stability of the immediate
roof, reducing rock falls and increasing the service
life of the roof support and is achieved due to the
fact that the sewn artificially direct roof acquires an
additional margin of safety in the bearing pressure
zone and the rock mass created in this way is fixed
with the help of deep rope anchors to the harder rocks
of the main roof, represented by stable hard rocks,
such as mudstone or sandstone, thereby creating the
effect of strengthening the development contours
and reducing rock pressure on the support — Figure 4.

This connection is carried out by installing 3
levels of anchors: an anchor of the 1st level (shallow
ones — they fasten the immediate roof), deep anchors
of the 2nd level (they create a connection between the
anchors of the 1st level of the immediate roof and the
main roof) and a deep anchor, which are rope anchors
with a length of at least 5-7 m. For fastening the first
level, steel-polymer anchors with a length of 2.4 m
are used, and for fastening the second level, steel-
polymer anchors with a length of 3.5 m (composite
anchors) are used.

Three zones are created around the working: the
bearing pressure zone, the elastic deformation zone
and the plastic deformation zone surrounding the
working. Anchoring the working begins with the
face flap, namely the roof and sides of the working.
The first level roof anchors are then installed with full
infill. After that, the secondary level roof anchors and
the side anchors are also installed with full filling.
Next, deep wire rope anchors are installed with
incomplete filling of the borehole. All anchors are
fixed in the borehole with the mortar obtained when
the anchor breaks the capsules, which are introduced
into the borehole in advance. The number of holes in
each hole is determined by the bottom hole fastening
certificate.
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Figure 2 — Nomogram for determining the depth of extraction of rocks
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Figure 3 — Application of single-level (a) and combined (b) schemes for supporting rocks of the roof of the mine

1 - coal seam; 2 — pressure plate; 3 — tension nut; 4 — anchor mesh; 5 — deep rope anchors; 6 — fiberglass side anchors
of the first level; 7 — fiberglass side anchors of the second level; 8 — steel polymer roofing anchors of the first level;
9 — steel-polymer roofing anchors of the second level (composite); 10 — zone of elastic deformations;

11 - zone of plastic deformation; 12 — reference pressure zone; 13 — the roof of the mine

Figure 4 — Method of three-level (complex) fastening of rocks of the roof of a mine

After the mortar has hardened, a pressure plate
is put on the anchor, which is fixed with a nut and
tension is made. A cone-shaped spacer installed
between the strip and the plate with the tension
nut, which, when the load is perceived, ensures the
support compliance due to its deformation.

The advantages of this method are: the ability
of the structure to perceive the load without delay,
the large load-carrying capacity of the structure,
the provision of obstacles to the displacement and
stratification of roof rocks, the formation of domes
and rock falls. The advantages of this method are also:

a decrease in methane gas emission into the working
cavity, an increased durability of the support and
an increased overhaul life, as well as the achieved
economic effect by reducing the cost of maintaining
and repairing the mine [10].

An example of a specific application of the
developed technological solution is presented on the
passport for fastening the roof of the conveyor drift
61k12-z in the bearing pressure zone from the face of
the Saranskaya mine (Karaganda coal basin, Republic
of Kazakhstan) in the bearing pressure zone — Figure
5.
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Conclusions the operational parameters of excavation workings
A study of the schemes of fastening side rocks of | with different physical, mechanical, strength and
workings with various combinations of roof bolting | geometric parameters of the layers of the roof edge
has been carried out, on the basis of which it hasbeen = rocks.
established that roof bolting is a means of improving
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Figure 5 — Passport of fastening the roof of the conveyor drift 61k;,-z of the Saranskaya mine in the bearing

pressure zone
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*aemop-koppecrioHoeHm.

AHOAamna. KaparaHobl Kemip b6acceliHiHiH waxmanapblHOa may-KeH Ka3banapsiH aHkepmeH bekimyodiH epeKuwesnik-
mepi KapacmelpsiaraH. bylipaik Hezizai ¥bIHbiIcMmapObiH e32epemiH napamempnepi 6ap Ka3ba mebeciHiH exki deHaelini
b6ekiminyiH nalidanaHy cxemanapsl KenmipinzeH. CoHOali-aK, #ep bemiHeH Ka3baHbIH opHaaacy mepeHodiziHe balina-
HbIcMbl ap mypni mepeHOiKKe apHaAnFaH ecenmeysnep KeamipinaeH. FHymoicma wamelpssl may #bIHbICMAPbIH AHKePiK
KenipmeH bekimy 30ici ycbiHbIAFAH, 0a1ap0bl mepeH 20pu3oHmMmapoa (600 m-0eH acmam) mypakcwsi3 mikeneli mebeci
MeH 6ylipi 6ap #biHbiIcmapMeH nalidanaHy ywiH apHanFaH. Ocsl wewimoi KondaHyoblH Mbicansl pemiHoe «CapaH»
waxmacsiHbiH (KaparaHObl kemip bacceliHi) 1a8acbiHAH MipeK KbiCbiM alimarbiHOa 61K,-3 KoHeeliepsik WwmpeK wameoi-
pbIH 6ekimy nacrnopmel ycbiHblA0bI.

Kinm ce30ep: aHkepmeH bekimy, may-KeH, cmpeccmik Kyl, may ¥bIHbICmMapbl, MexXHOA02UAAbIK CXeManap, may-KeH
YIHe 2e0s102UANbIK Hardalinap, Kemy mepeHdizi, beKimne cxemacsi.

BnusHue d8yxypoeHe8020 AHKepHO20 KpenaeHUs Ha 2e0MeXaHUYeCcKoe COCMoSAHUE Maccued 80Kpy2 20pHOU
ebipabomku
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AHHOmMayusA. Paccmampusaromca 0cobeHHOCMU pumMeHeHUs aHKepPHO20 KperseHUs 20pHbIX 8bIpabOMOK Ha waxmax
KapazaHduHcKoz2o yzonbH020 bacceliHa. Takxe npusedeHsi cxeMbl MpuMeHeHUs 08YXypOBHEB020 KperaeHUs Kpoesau
8bIPABGOMOK C U3MEeHeHUeM Napamempos BOKo8bIX eMewarowux nopod. ONucaHsl pacyems! 0159 Pa3nuyHol enybuHsl
30/10)€eHUs, 8 3a8UCUMOCMU om 27ybuHbl 3a710XeHUs 8bipabomok ¢ nosepxHocmu. [pedcmasseH pa3pabomMaHH.Il
crnocob KpernaeHus nopoo Kpossu AHKePHbIM MOCMOM O/15 UX UCM0Ab308AHUSA HA 21y60KuUX 20pu3oHmax (6osnee 600 m)
¢ Heycmolivyusoli HernocpedcmeeHHoU Kpossneli u boOKo8bIMU 8MeWaroWuMu nopodamu. B kauecmese npumepa npume-
HeHUA OGHHO20 peweHUsA npedcmasseH Nacrnopm KpernsaeHus Kpossu KoHeeliepHo20 WmpeKa 61K;,-3 8 30He 0r1opHO20
dasneHus om aasbl waxmel «CapaHckaa» (KapaeaHouHckul y2oneHbil bacceliH) ¢ npumeHeHuem 0aHHOU mexHoso2uu.
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