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Abstract. Assesses the effectiveness of anchoring technology in mine workings, with a specif-
ic focus on the Karaganda coal basin. Explores various factors that impact the effectiveness of
anchoring in preparatory workings and assesses the specific geological and mining features of
the Karaganda coal basin that may impact anchoring technology. Describes a study conducted
to determine the area of effective application of anchoring technology. The results of the study
were used to develop an expert computer information system that outputs information about
features that have a predominant negative impact on mining operations and need to be influ-
enced to increase efficiency. The findings of this study may be helpful in expanding the scope
of effective application of anchor fastening technology in mining workings.
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Introduction. The main geological factors
influencing the stability of workings with an-
chored supports include: geological structure,
lithological types of rocks, their conditions of
occurrence and influence of moisture on them,
fracture and discontinuous disturbance of
the rock mass, physical and mechanical and
strength properties, thickness of the mined
layer and its strength characteristics and oth-
er parameters of the surrounding rocks that
define the complexity of engineering and geo-
logical conditions of mine workings and their
maintenance in the zones of high rock pressure
during mining excavation. The main mining
and technical factors that influence the perfor-
mance of anchor supports are: the size, shape,
type of support and location of capital, pre-
paratory and stope workings, their depth and
penetration method, development systems,
technological schemes of stope work, param-
eters of undermining or overworking, distri-
bution of support and increased rock pressure
zones, maintenance duration, compliance with
technological certificates of support and main-
tenance, and so on.

Factors affecting the effectiveness of

anchoring in preparatory workings. Fac-
tors affecting the effectiveness of anchoring
in preparatory workings are: the strength of
anchoring in the host rock, the size of the area
of dangerous deformations around the work-
ings, the amount of displacement of the roof
and sides during the life of the mine, and the
maximum amount of safe displacement (low-
ering) of the anchored roof rocks in the work-
ings during its life.

The process of maintaining excavations is
influenced by geomechanical, technological
factors, as well as intermediate factors result-
ing from the influence of mining operations
on the geomechanical state of the rock mas-
sif. The geomechanical factors include natural
parameters of the massif: strength, volume
weight, fracturing, depth of occurrence, dip
angle, etc.; the technological factors include
the shape and cross-section of the excavation,
compliance and load-bearing capacity of the
support. In the group of factors of intermedi-
ate nature, the most important should be con-
sidered the support pressure around the face
and artificially caused by excavation fracturing
of the surrounding rocks and coal seams.
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The strength of rocks in the Karaganda Ba-
sin with increasing depth of their occurrence
naturally increases. Volumetric weight of rocks
(7) in the Karaganda basin to a depth of 1000-
1200 m varies from 2.3 to 2.7 g/cm3 and on
average to calculate the weight of the cover-
ing layer can be taken as 2.5 g/cm3. With in-
creasing depth, the vertical component of rock
pressure YH increases, but at the same time
the strength of the rocks containing the mining
also changes. At the same depth, the strength,
even for the same type of rock, can vary con-
siderably.

It would be reasonable to use a complex
dimensionless criterion that takes into account
depth, rock strength and density [1, 2]

rH
o (1)

where 7 - coal density, kN/m3; H - depth of
mining, m; 0., — rock strength, kN/m?2.

The natural fracturing of rocks of different
types at different depths does not remain a
constant value. Weak breeds tend to be weak-
ened to a greater degree.

Endogenous and exogenous cleavage frac-
tures are widely developed in the rocks of the
Karaganda Basin. The density of endocliva-
tion cracks is determined by the composition
of rocks and the thickness of their interlayers.
The degree of intensity of fracturing decreases
from mudstones to siltstones and sandstones
and as the thickness of the layers increases,
regardless of the lithological differences in the
rocks. The distance between exogenous frac-
tures varies from a few centimeters to 10 me-
ters and depends on the tectonic structure of
the site, the lithological composition of rocks
and their degree of metamorphism. In soft
rocks, they are more common than in strong

k=

rocks. The value of K, take for rocks: slightly
fractured - 0,9-1,0; medium fractured - 0,7-
0,89; strongly fractured - 0,5-0,69 [1, 2].

The factor of fracturing of the massif can be
accounted for by the coefficient of structural
weakening K, [3, 4]:

H
k= Kyto (2)

The nature of the support pressure around
the working face depends significantly on
the depth of the formation, its thickness, the
length of the working face. The increase in rock
pressure in the support zone of the mine drift
is accounted for by the concentration coeffi-
cient, the value of which at depths up to 700 m
reaches K, = 2.0. Along the axis of the work-
ing face, the concentration coefficient of rock
pressure at this depth reaches 3.5-4.0. Taking
into account the reference pressure, the index
of the difficulty of maintaining conditions is

K con 7H

Ketrdm ) (3)

At K < 0.3, the maintenance conditions are
considered to be easy, at K=0.3-0.5 - me-
dium difficulty, at K= 0.5-1.0 - difficult, at
K > 1.0 - very difficult (Table 1) [5, 6].

According to the cumulative effect of neg-
ative factors, the following layers can be re-
ferred to complex conditions of mine workings
in the basin: kg, k14, k13, k4, k3, k5 in the Industri-
al area; ki, k;, d; - in Saransk and Shakhansk
areas; ki3, d,, d; - in Sherubay-Nurinsk area.

Assessment of factors caused by min-
ing and geological and technological fea-
tures of coal seam development. Table 2
shows the factors caused by mining and geo-
logical features of development, the use of
anchoring technology in preparatory workings

k=

Table 1 — Indicators characterizing the tectonic disturbance of coal-bearing areas and sections
of the Karaganda Basin

A A Relati i
Coal- . Angle of dip of verage. elative . Relatlve' Disjunctiveness
i Neighborhood strata a1, degree length of dis- number of dis- extent of dis- coefficient KD
basi area continuities, continuities, continuities, K !
asin area From-to Average 3, km as;, 1/km? | a, km/km? e
Industrial (center) 5-25 15 1,0 0,2 0,2 0,35
Karaganda
Saran 10-30 20 1,6 0,8 1,8 0,58
Southern 15-60 37 1,9 1,8 3,4 1,52
Central 10-30 20 2,4 1,2 2,9 1,04
Sherubay- i
Nurinsk Karadjaro-
Shakhan and 0-40 20 2 0,7 1,4 1,1
Dolinsk
Tentek Tentek 5-30 17 1,2 0,8 1 0,5
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Table 2 — Factors caused by mining and geological and technological features of coal deposits

exploitation

. . . Karaganda
Parameters Germany United Kingdom Australia USA bagsin
Mining and geological peculiarities of development

Depth of develop- 1000 600 260 360 450-820
ment, m
Vertical component of 25 15 65 9 15
rock pressure p,, MPa
Horizontal component
of rock pressure p,, p.=1xp,=25 p.=1,5%p,=22,5 p=2xp,=13 p=2xp,=18 p.=1xp,=15
MPa
Coal seam thickness, 20 25 31 22 1,0-8,5/

m

average 2,28

Angle of bedding,

5 5-10, no more than 15 no more than 5 no more than5  no more than 5 7-25
. from mudstones from mudstones from mud-
from thin-layered mud- from mudstones
) to sandstones, to sandstones stones to
Roofing breeds stones to sandstones to sandstones .
-35-80 -35-70 partly coal y.,=5- and limestones sandstones
Ve e 80 Yen=10-80  ye;=10-80
Sl 76 Vo W ERIE] thln-Iayered 'mudstones, cIay'stones, partial- cla\(stones, partial- "
. vegetative interlayers | ly intersected by ly intersected by
compressive strength . . . ly sandstones = claystones
in MPa and carbonaceous inter-| partially crossed = partially crossed 40
layers y.,=45 rooted y.,=45 rooted y.,=40 Yem=
Load criteria
Vertical component
0./ o P 25/4/45=3,7 15/ /45 =2,2 6,5/ /40 =1 9//40=1,4 15/1/45=2,2
Horizontal component
b /«/di P 25/+/45 =3,7 22,5/4/45=3,4 13/4/40=2,1 18/+/40=2,8 15/+/45=2,2
h cr
Application of anchoring technology in preparatory mine workings
Scheme of prepara-
tion of excavation EV ZR ER ER ER ER
areas
Leaving pillars no yes, tough yes, malleable yes, malleable no
Aim width 0 80-130 10-20 10-30 0
ShaE)e kel arched | rectangular rectangular rectangular rectangular
section
Track height 4-4,8 2,5-4 2,5-5 2-4 2-3,5 3,5-3,7
Track width 6-7,5 5-5,8 4,5-6 5-6 4,7-6,1 5,5-6,5
Cutting rocks:
roofing yes yes occasionally no no occasionally
soils yes yes occasionally no no occasionally
Technological factors
Anchor length, m 25,0-30,5 22 19-21 16-19 22
Anchor length by 2,1-2,4 2,1-2,4 1,5-2,4 2,1-2,4 2,3(2,9)
rock, m
Design load capacity,
kN (depending on 360-540 310 220-320 150-220 250
material)
Anchor density,
anchor/m2:
roof 1-2 1,4-2,2 1,1-3,0 0,5-0,7 0,4-0,7 1,0-1,5
sides 0,6-1,9 0,5-1,2 0,3-0,9 0,11-0,23 0.09-0,15 0,6-0,7
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(Figure 1), vertical and horizontal components
of the criterion of loading of rock mass, tech-
nological conditions for the use of anchoring
in countries with a developed coal industry in
comparison with the conditions of occurrence
of coal seams in the Karaganda basin [7-10].

The complex mining of several layers at
great depths in Germany requires in most cas-
es the maintenance of the longwall faces af-
ter the first longwall face (direct face mining
- scheme «EV»). In some cases, the longwall
faces have to be used for the second longwall
face (forward mining of the first longwall face
and backward mining of the second longwall
face — scheme «ZR»). This is necessary for the
following reasons: the high temperature of the
host rocks and the gassiness of the seams re-
quire sublighting of the outgoing jet behind the
face; the desire to avoid leaving rigid pillars,
as the support pressure when mining sever-
al seams leads to significant damage to mine
workings and, in addition, to uneven subsid-
ence of the earth surface with significant dam-
age.

In German (as well as Karaganda) mines
the mine drifts have both arched and rectan-
gular cross-sections. According to the condi-
tions of placement of equipment in the drift its
residual width near the face should not be less
than 5.0-5.5 m, and when using arch support,

it is necessary that the drift in the sinking had
a width of up to 7.5 m.

For comparison: the mines of the Anglo-Sax-
on countries use tunnels 4.5-6.0 m wide of
rectangular shape, secured by anchors, which
are passed exclusively by the combine method
through the bed with the leaving of rigid or
compliant pillars. The drifts are extinguished
after a longwall face is passed (working out of
sections by the reverse course «ER»).

Research to determine the area of ef-
fective application of anchoring technolo-
gy. In order to assess the complexity of differ-
ent mining and geological conditions of mine
reservoirs in the Karaganda coal basin rank-
ing by formal criterial attributes in accordance
with the technological consequences of mining
operations has been made. Below is a list of
formal geotechnological criterion attributes,
which were evaluated and the final algorithm
was formed.

K,. Controllability of the roof: thickness of
rocks of the immediate roof (M.)/ reservoir
thickness (m,): ranges: Y>6 - manageable;
3<Y<6 - medium handling; 0<Y<3 - ad-
ministratively difficult to control. Expert coef-
ficient by roofing classes: for 1 - k£,=1,0; 2
-k,=0,7-0,8; 3 -k,=0,5.

K3. Rock strength of the immediate roof:
Q. N/m?: ranges: ()., up to 13,5 - composed

Scheme of Degree of array tension Frequency of use %
using the drifts <3.0 <45 <4.5
I === ;
v T | e | e
N s
N
ER gl e |
SR R e B R
@ N 50
IEV & @
ZR 4
] L= T Ry 53
N\
Planned
application 15 60 25
rate %

Figure 1 — Anchoring systems in mines, depending on the degree of strain of the rock mass
and the scheme of using drifts
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of carbonaceous claystone, k,=0,5; 13,5 -
400 - claystone, k,=0,75; 400-500, claystone
with siltstone, £,=0,85; 500-600, siltstone,
k,=1,0.

K.. Compressive strength of host rocks,
Q.,, MPa: ranges: Q,<12, k,=0,5; Q.,<15,
k,=0,6; Q.,<20, k,=0,7; Q,<25, k,=0,85;
Q.,<30,k,=0,9; Q,>30, k,=1,0.

Kp. Disjunctive bed disturbance (num-
ber of disturbances per kilometer of the ex-
cavation field), k; pcs/km?2: ranges: k; up to
3-k,=1,0; 3-5 - k,=0,9; 6-10 - £,=0,75;
11-15 - k,=0,6; 16-20 - k£,=0,55; 21-25 -
k,=0,5; 26-30 - k,=0,45; 31-40 - k,=0,4;
41-50 - k,=0,35; 51-60 - k,=0,3.

K. Power of the immediate roof rocks at
tensile strength ¢,, N/m? in table 3.

Kp. Length of violations per kilometer of
excavation field, k;: ranges: k, up to 0,5 -
k,=1,0;2,%k,=0,9;4-k,=0,8;6,%,=0,7; 8,
k,=0,6; 10; k,=0,5; 12,k,=0,4; 14, k,=0,3.

K. Cracking of rocks of the immediate roof
at the angle of their spreading a,: ranges: a,
up to 40°, k,=1,0; 50° - 0,85; 60° - 0,75;
70° - 0,5; 80° - 0,4; 90° - 0,3.

Ky. Distance between cracks b: ranges:
b>5m-%,=1,0;4-0,85;2-0,7;1,0-0,5;
0,5-0,3;,<0,2-0,2.

K. The presence of a false roof P,: ranges:
P;, up to 100% - k,=0,5; 90% - 0,7; 80% -
0,8; 70% - 0,9; 5. 50% - 1,0.

K,. False roof capacity C},: ranges C},=0,1-
o,2, k,=0,8; 0,2-0,4, 0,7; 0,4-0,6, 0,5; 0,6-
0,8, 0,4.

K. Water encroachment of mine workings
M,: ranges: M, up to < 5 m3/hour, k,=1,0;
15-10,85; 25-10,75; 35-0,6; 50 - 0,5; 70
-0,3; 100 - 0,1.

The total score K, is determined by the sum
of formal criterion attributes

K=K,*Ky+K:+Kp+Kp+
+Kr+ Ko+ Ky + K+ K+ K.

(4)

Conditions that are more complex have a
sum of formal criteria signs, which is equal to
eleven, the possibility and feasibility of using
the fastener in other conditions is evaluated in
relation to the maximum value (Figure 2). For
example, an assessment of the complexity of

Table 3 — Power of the immediate roof rocks at tensile strength

Direct roofing qs/qp" Main roof
k, = 0,7 — carbonaceous claystone Mc<2m 11/65, siltstone
k, = 0,75 — laystone Mc<2 45/65, siltstone
k. = 0,8 — claystone Mc> 2 45/65, siltstone
k, = 0,9 —siltstone-argillite Mc> 2 50/65, siltstone
k, = 0,95 —siltstone Mc> 2 55/60, siltstone
k, = 1,0 —siltstone Mc>2 55/60, sandstone
Diafficult —
environment - .
06 1 = i 1 * Wi —
04 T o EEE B ESE BN
O O QO O O B O @
02
o || - || | | s || | |
Kn K K, K¢ K K; K, K, Layers

U - controllability of the roof; T — thickness of the immediate roof rocks;
C - distance between cracks; D — disjunctive disturbance of the reservoir.

Figure 2 — Complexity of development conditions by strata and mines
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mining conditions for the mining and geologi-
cal and mining conditions of exploitation of the
Kostenko mine in the Karaganda coal basin.
Conclusions. To assess the complexity of
various mining and geological conditions of
the mine layers of the Karaganda coal basin,
a ranking was made according to formal crite-
ria in accordance with the technological conse-
quences of mining operations. The developed

version of the expert computer information
system of the program, according to a given
algorithm, also outputs information about the
feature (R) that has a predominant negative
impact and which needs to be influenced to in-
crease the efficiency of mining operations to
expand the scope of effective application of
anchor fastening technology in mining work-
ings.
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AHpaTtna. Makanana KaparaHabl Kemip 6acceviHiHe epeKLe Ha3ap ayAapa OTbIpbIr, KEH OPbIH-
AapblHAarbl aHKEPJIIK TEXHOIOMMSIHbIH TUiMAIniri 6aranaHagbl. 3epTTey AaribIHAbIK XYMbICTapbl
Ke3iHAe TONTbIpY TWiMAIIriHe acep eTeTiH apTypJii pakTopaapAbl 3epTTeENi XoHe Tipey Tex-
HOJIOrUsiCbiHa acep €Tyi MyMKiH KaparaHAbl KeMip 6acCeviHiHiH HaKTbl Tay-KEeH-reos10rusabiK
JKOHE Tay-KeH epeKluenikTepiH 6arananabl. AHKEPJIIK TEXHOIOrMsIHbI TUiMAI KOsi4aHy CasachliH
aHbIKTAY YLUIH XYPri3iJireH 3epTrey Ae cunatraaFaH. 3epTrey HaTuxesiepi 60MbIHILIA Tay-KEH
JKYMbICTapblIHa TEPIC 9CEP ETETIH XXBHE TUIMAINIKTI apTThipy YLUIH 8CEP €TYAi KaXKeT eTETIH epeK-
LenikTep Typasibl aknapat 6epETIH capanTaMasibiK KOMAbLIOTEP/IIK aKnapaTThlK XKYyHe a3ipaeHAi.
3epTTey HaTuXeNepi KeH KalbanapbiHaa aHKEPMEH GEKITY TEXHOIOMUSICbIH TUIMAI KO/IAaHy av-
MafblH KEHENTY YLUIH naKaasbl 60/1ybl MyMKIH.

Kint cesgep: aHkepik 6eKITKilli, XepacTbl urepyi, akrtopsaap, Tay-KeH reos0rnsbiK XoHe
Tay-KeH TEXHUKasbIK Urepy Lapirapbi, TUIMAIIIK, 3epTTey/iep, TEXHOO0MMS/IbIK CXeMasiapsbl,
Tay-KeH Ka3basiapbiH XYpri3y, TEXHUKAaJbIK curnatraMasap AEHrevi, aHkepsik 6eKiTKilliHiH Typ-
s1epi.

OyeHKa obsiacTv 3¢p¢heKTUBHOIro NpMMeHeH1s1 TEXHOJIOMMN aHKEPHOIro KpernJjieHns
B ropHbIX BblpaboTkax
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AHHOTayms. OLeHNBaeTCs1 3(hGhEKTUBHOCTb TEXHOJIOMMMN aHKEPHOIrO KPErJIEHNsI B FOPHbLIX Bbl-
paboTkax ¢ 0cobbiM BHUMaHMeM K KaparaHanHCKOMY yroJibHOMYy 6acceviHy. Viccnegyrorcs pas-
JIMYHBIE PaKTOPbI, BANSOLNE HA IPDEKTUBHOCTL KPEMIEHMS MPU MOArOTOBUTEIbHbLIX pabo-
Tax, N OLEHNBAIOTCS CrIELNPHUYECKUE FOPHOrEOI0MMYECKNE U FOPHOTEXHUYECKME OCOOBEHHOCTM
KaparaHauHCKOro yrosibHoro 6acceriHa, KoTopbli€ MOryT MOB/INSITb Ha TEXHOJIOMMIO KPEMIEHMUS.
OnuncaHo nccieaoBaHne, MPOBEAEHHOE AJ151 OrpeAEneHUs 061acTv 3¢p¢heKTUBHOIO NpUMeEHEHMS
TEXHOJIOMMN aHKEPHOro KperiieHus. 1o pe3ynbtataM ucciea0BaHusl pa3paboTaHa 3KCrnepTHas
KOMIbOTEPHAs MHGOPMaLUNoOHHasi cucTtemMa, BblgaroLas nHdopmaymo o6 0CoO6eHHOCTSIX, OKa-
3bIBaKOLLMNX MPEUMYLECTBEHHOE HEraTMBHOE B/IMSIHNE Ha FOPHbIE paboTbl M TPebyroLmx BO3-
AENCTBUS AJ15 MOBbILLIEHUSI 3(DHEKTUBHOCTH. Pe3yibTaTtbl MCC/IEA0BAHUS MOryT 6bITb MO/IE€3HbI
A8 paclumpeHuns 061actm 3¢GHEKTUBHOIO NMPUMEHEHUS TEXHOIOMMN aHKEPHOIro KPEeriieHus B
rOPHbIX BbIpaboTKax.

KnroueBble cnoBa: aHKepHasi Kperib, noA3emMHasi pa3pabortka, akTopbl, ropHO-reosaormye-
CKNE U FOPHO-TEXHUYECKUE YC/10BUSI Ppa3paboTku, 3¢hPHEKTUBHOCTb, NCCIEAOBAHMS, TEXHOI0MM -
YeCKue CxXeMbl, MPOBEAEHNE FOPHbIX BbIPabOTOK, YPOBEHb TEXHUYECKUX XapaKTEPUCTUK, BUAbI
aHKepPHOW Kpenu.
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