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Anchor bolt of rock massif in coal mines to decrease soil rock heaving
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ABSTRACT

During the maintenance of workings, the effects of soil rock heaving, caused by plastic deformation

and extrusion into the excavation cavity under the action of the rock pressure, are usually

eliminated. The identified patterns of change in the stress-strain state of coal-rock massifs

(displacements, stresses, cracking zones), depending on the main mining-geological and mining-
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schemes for decreasing soil rock heaving of mine workings to increase the stability of preparatory
mine workings have been developed. The development and improvement of existing technologies
of effective and safe stiffening of near-soil rocks at conducting mine workings on flat and inclined
coal seams were substantiated. The modelling of the SSS shows that both side-rock and ground
deformations are predominantly influenced by side anchorage which results in reduction of the
effective deformations in the rocks surrounding the working and in a decrease of gas release from
the coal massif. It is established that the deformations and stresses both side and in-soil rocks in
the excavation are influenced by side anchors rather than near-soil ones.

Keywords: mine workings, study of deformation processes, anchor parameters, geomechanical
processes, anchor bolt, manifestations of rock pressure.
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Introduction
contours of workings and increase of soil rocks

In coal mines, the rocks in the immediate vicinity
of the workings are weakened by cracking and
plastic deformation, which leads to the formation of
inelastic deformations around the workings, in
which one can observe the restribution of the
stresses, and the stress zone is moved into the rock
mass [[1], [2], [3]]. Zones of increased and decreased
stresses (support pressure zone) are formed in the
rock mass surrounding the preparatory working
(Figure 1).

For different mining conditions, mining
development schemes and stages of working
existence, rock heaving processes are different and
this determines ways to control this phenomenon.
The most often used is periodic undermining of soil
rocks, which leads to disturbance of the equilibrium
state of the system "bolt - zone of destroyed rocks",
growth of rocks deformation intensity on the

displacement.

The extraction of swelled rock reduces the
passive back pressure on the ground by only 50-60
kN/m of the working. It is necessary to compensate

1 - preparatory working; 2 - natural stress zone;
3 - support pressure zone; 4 - decreased stress zone

Figure 1 - Stress distribution around the preparatory
working
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the back pressure of the excavated rock after
undermining in order to ensure a stable condition of
the working soil [3]. It is known that the higher the
rock back pressure, the lower the rock displacement
value, and the mechanical back pressure value is
three orders of magnitude below the forces acting
on the undermined zone perimeter. The mechanical
support in mine workings at "Yuzhnodonbasskaya"
mine No. 3, where the power train was located, was
provided with the metal ropes with the help of
which a distributed load of 0,03 MPa was set
between the legs of the bolt and the soil of the mine
working; this helped to reduce by 57 % the
squeezing of the working ground [[3], [4]].

In order to compensate the back pressure of the
extracted rocks, progressive technological solutions
using dispersed purposeful load to increase the
effect of counteracting the extrusion of soil rocks are
required. One of them is conducting preparatory
workings with strengthening of host rocks by the
system of rod and cable (rope) anchoring bolts which
are set for a particular working taking into account
mining and geological conditions of development,
character of interaction with rock massif at given
loads and deformation rates.

In case of insignificant difference in strength
parameters of the top, sides and soil, the
deformation of rocks along the whole working
perimeter occurs in conditions of full compression,
while the tangential component of the stress tensor
grows with its size increasing, and the shifts of
contours increase. It is necessary to distinguish soil
heaving, which is caused by the stress-strain state
(SSS) of the whole rock mass around the working,
from rock squeezing from under the pillars, which
play the role of dies.

Heaving is most intense on the soil side of coal
seams in preparatory workings. Soil layers covered
by heavings are 2 - 5 m thick, and the thicker the
weak rock layers, the more intense the heavings are
[[5], [6], [71, [8], [9], [10]].

In preparatory workings, which are in the zone
of cleaning operations influence (80 - 100 m), as the
longwall face approaches the studied area, the
growth of heaving intensity is noted up to a certain
maximum. As the longwall face moves away (100 -
120 m), the intensity of heaving gradually decreases,
asymptotically approaching to a certain constant
value. In single workings, the heaving intensity tends
to be monotonic and fades with time.

The sizes of coal pillars have a significant
influence on the heaving: the smaller the pillar, the
higher the heaving intensity. Increasing the width of

pillars and protecting preparatory workings with
rock strips reduces the heaving intensity, which lasts
for 1 or 3 months. This regularity is widely used for
wide workings with one-sided or two-sided rocking
[5].

The classification criteria for heaving are rather
subjective, due to the multifactorial nature of the
phenomenon and are based on the intensity of its

manifestation: "weak", "medium", "strong".
The experimental part

The decreasing of soil heaving in mine workings
can be achieved by creating zones of decreased
stress in the sides, by anchoring the top rocks with
steel-polymer anchor bolts of increased load-
carrying capacity. This increases the support area of
the roof on the sides of the working and decreases
the specific pressure on the soil. The area of
maximum support pressure in this case is shifted
from the edge of the massif by the length
determined value, incline and density of the near-
soil anchors.

The distribution of stresses along the working
contour in a 5 m claystone layer is shown in Figure 2.
An unstable rock zone is formed around the working,
mainly in the roof and soil, but also on the sides in
the lower part of the sides of the working contour.
The maximum value of normal stresses occurs in the
rightmost anchor of the working top at the place of
its anchoring, and the maximum longitudinal stress
occurs in the anchor located on the right-side
surface of the working (first from the bottom)
(Figure 2).

1 - highly unstable zone; 2 - unstable zone; 3 - unstable
zone; 4 - medium stability zone; at the minimum point
the zone is stable

Figure 2 - Distribution of normal (a) and longitudinal (b)
stresses in a 5 m thick claystone layer

We have established the dependences of stress
changes in zones 1, 2, 3 on anchor length for the
claystone layer:
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o(l) =-1,4-1-8,8(1 zone),
o(l)=-2,4-1-209(2 zone), (1)
o(l) =-3,5-1—32,9(3 zone).

The calculations of the SSS using Flac program
[11] for different mining conditions of coal seams in
Karaganda basin showed that the greatest effect of
strengthening influence was obtained in rectangular
cross-section of mine workings with side walls roof
anchoring under combined scheme with their
installation so that the upper side (usually, deep)
anchor was located in the support pressure zone
behind the workings contour in host rock. Such
installation makes it possible to shift the peak of rock
pressure deep into the massif beyond the zone of
spreading deformation (destroyed rocks) in the zone
of working influence. The lower deep anchor is
placed in such a way as to create enclosing (isolating)
zone preventing side soil rock spreading and
extrusion into the working cavity (Figure 3). The
results of SSS modeling show that the deformations
and stresses in both side rocks and soil rocks are
predominantly influenced by side anchors rather
than near-soil ones, leading to reduction of the
effective deformations in the rocks surrounding the
working and decreasing of gas release from the coal-
bearing massif.
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Figure 3 - Deformation pattern with displacement scales
and strain distribution in the soil rock with 5 m upper
side anchors and 5 m near-soil anchors

The evaluation of the required thickness of the
strengthened rock layer in the soil, using the anchors
installed in the soil to form supporting blocks to
support the bearing vault of the working, is
determined according to the method of Prof. P.M.
Tsimbarevich. The depth of spreading of the heaving
zone depending on the volume weight of soil and
side rocks (o t/m3) and working height (h, m) are
determined using a nomogram (Figure 4) [[6], [7],
(81, [9], [10]].

40 3330 ftm3

h;m 1

2 i 15 20 25
Volume weight of sol rocks, U’

Spreading depth of swelling zone, m

Figure 4 - Nomogram for determining spreading depth of
heaving zones in the working soil depending on the
influencing factors

In clay preparatory workings of the Karaganda
coal basin when layered claystones and siltstones
are deposited in the soil, three stages of
deformation processes are distinguished:
stratification along the layering surface without
fracture of layered rocks (Figure 5, a); fracture of
layered rocks under the workings into blocks in the
form of multi-joint arches (Figure 5,b); destruction
of soil under the workings sides with their squeezing
into the workings (Figure 5,c). The character of
stresses changes in the roof and decreasing of the
soil friction intensity when strengthening the
working contours with the steel-polymer anchorage
(Figure 6) [[12], [13], [14], [15], [16], [17], [18]].

1 - cavity of the mine workings; 2 - soil deformations zone;
3 - deformations of heaving of mine workings; 4 - depth
of delayering of mine workings; 5 — Py =2kgH - vertical
component of rock pressure; 6 — Pu - horizontal
component of rock pressure; 7 - inelastic deformations
zone; 8 - distraction deformations; 9 - distraction zone;

a - rock extrusion deformations; b - zone subject to
extrusion deformations; c - extrusion deformations

Figure 5 - Stages of deformation processes: a -
delayering, b - fracture of stratified rocks, c - fracture of
rocks in the sides of the working
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4 y 6

5

4,5 - direction and magnitude of maximum deformation
zone movement deep into the rock mass; 6 — decreased
deformation zone in the working soil

Figure 6 - Stress distribution pattern during
strengthening of steel-polymer anchoring circuits

The general established regularity is that as the
volume weight value of top roof grows, the
spreading depth of the frost heave in the working
soil decreases, while an increase in the side rock
density and working height leads to an increase in
the spreading depth of the heaving zone.

Discussion of results

The established patterns of stress-strain state
change of coal-rock massifs (displacements,
stresses, zones of delayering and cracking),
depending on the main mining and geological-
mining engineering factors allowed to determine the
optimal parameters of soil rock anchoring. The
technological schemes of heaving decreasing of soil
rocks of mine workings are used in mines of
Karaganda coal basin to increase the stability of
preparatory mine workings. At the expense of
effective and safe fastening of near-surface rocks
when conducting mine workings on flat and inclined
coal seams. The deformations and stresses both
sides and in the soil rocks in the working are
predominantly influenced by side anchors rather
than near-soil ones. The schemes for anchoring the
rock massif of the immediate soil are discussed
below.

Near-soil anchors (Figure 7) are sunk into the soil
along the faces of the mine in slanted boreholes at
an angle of 20 to 40°. Their length is determined by
the technical possibility of drilling (1.6; 2.4 and 2.9
m). The anchors are placed crosswise (at right
angles) into the soil layers [[11], [19]].

The borehole has a larger diameter from the
mouth to half of its depth and is not filled with a filler
(Figure 7.b). This is necessary to unload the side rock

in this area and then fill the 28 mm diameter
borehole up to the face.

Figure 7 - Soil anchoring installation (a) and borehole
design (b)

During the working for the next tunneling cycle,
the boreholes are drilled in rows into the roof 1 and
sides 2 of the excavation. The length, diameter and
angles of the boreholes are determined by the work
passport, as well as the size of the holes in the metal
supports. The anchoring starts with the first row of
six roof bolts 3 (2.4 m long) and four side glass fibre
anchors 4 (1.8 m long). As the installation
progresses, a second row of five roof steel-polymer
anchors 5 (2.4 m long) is installed. Metal net 6 is pre-
installed under the strips. Before excavation, before
the start of cleaning works and after determining the
thickness of the heaving layer, inclined steel-
polymer anchors 7 (2,4 m long) are placed at a 30 -
45° angle to the rock stratum; as they are fastened
in blast holes, cavities form rock blocks around the
anchors, which are bound together by the cohesive
forces of the rocks. As a result, a supporting dome
(strengthening contour) 8 is created to reduce
compressive forces from the sides of the excavation.
To ensure the relief of soil from stresses, the
boreholes 9 for anchor installation are drilled to the
depth of 1.0-1.2 m with a diameter twice as big. This
will disturb the integrity of the friable layer and slow
down (exclude) the development of longitudinal and
transverse bending of the layers. The rock layers cut
through by the slot are relieved from horizontal
stresses. In order to increase the carrying capacity
and to ensure the suppleness of the anchor support
elements, a cone spacer 10 is installed. Due to the
support pressure ahead of the face, anchors are
installed in the ground with irreducible advance of
the working face by a value exceeding the length of
the zone of advance support pressure by 1,5-2,0
times [[5], [6], [20]].

The length of the anchors to be installed in the
working soil is determined according to an empirical
formula:
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where K, is an empirical coefficient (for the
Karaganda coal basin it is 6.75);

B is the width of the excavation, m;

I1- value of soil heaving, m;

P is the compressive strength of the soil, MPa.

It is recommended that the spacing of the on-
soil anchors should be double the number of arches
of metal arch anchor per 1 metre of working.

Conclusions

The identified patterns of change in the stress-
strain state of coal massifs (displacements, stresses,
cracking zones), depending on the main mining-

geological and mining-technical factors will allow to
establish the optimal parameters of ground
mountings, technological scheme for reducing frost
heaving of rocks of mine workings to increase the
stability of preparatory mine workings. There are
substantiated development and improvement of the
existing technologies of the effective and safe
ground support during mine workings on the flat and
inclined coal is established that the
deformations and stresses both lateral and in-soil
rocks in the working are influenced by lateral
anchors rather than near-surface ones.

seams. It
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Kas6anapaafbl TONbIPaK, XbIHbICbIHbIH, KONCYbIH TOMEHAETY YLiH Kemip
LIaXTaNapblHbIH Tay-KeH MacCUBiH aHKepAiK 6ekity

AemuH B.®., }ypos B.B.

«36inKac CarblHO8 ameIHOaFbl KaparaHObl MexHUKAsbIK yHU8epcumemi» KOMMepPUUAIbIK eMEC AKUUOHEPSIbIK KOFaMbl,
KaparaHosi, KazakcmaH

TYWIHAEME

MaipganaHy npoueciHae Kasbanapabl ycTay KesiHAe, 94eTTe, KOHTYP/bIK Tay KbICbIMbIHbIH,
acepiHeH on1apapl Ka3ba KybICbIHA CbIFbIM, MAACTUKaNbIK AedbopMmaumanap KesiHge naaa 6onatbiH
TOMbIPAK, bIHbICTAPbIHbIH, WAFbINbICYbIHbIH, CanAapbliH O BGOWbIHLIA XYMbICTap Kyprisineai.
Heriari Tay-KeH-reonoruanbiK KaHe Tay-KeH TeXHWKanblK ¢akTopnapbiHa 6alinaHbICTbl Kemip-
JKbIHbIC MACCUMBTEPiHIH, (bIFbiCyNap, KepHeynep, ’KapblKwak Ty3iny almakTapbl) KepHeysi-

Makana kengi: 18 cayip 2022
CapantamagaH eTTi: 04 winde 2022
KabbingaHabl: 10 kazaH 2022

AedopmaumanaHFaH Kal-KyniHiH e3repyiHiH aHbIKTaNFaH 3aHAbI1bIKTapbl TOMbIPAK XbIHbICTAPbIH
6eKiTyaiH oHTalNbl NnapameTpaepiH 6enrineyre MyMKiHAIK 6epegi. Tay-KeH KasbanapblH }Kymcak,
KaHe Kenbey Kemip KabaTTapbIHAA KYPridy KesiHAe, KOHTYPFa aKblH ¥KbIHbICTAapAbl TUIMA| KaHe

Kayincis 6ekiTyaiH, KOoN4aHbICTafbl TEXHOOMMANAPbLIH 33ip/ey KaHe XKeTingipy HerisgenreH.

Kocbimlia  KyH

CanblfblH

mogenbaey, 6yiip  KbiHbICTapAafbl, COHAANM-aK  ToMblpak,

MblIHbICTapblHAAFbI ,a,ed)opmau,wﬂnap MeH KepHeynepae Xep acTbl emecC, XaHamMma aHKep 6acbim

60/laTbIH,D,bIFbI H

Kepceteai, 6yn

OHAIPICTI  KOpLUafaH ’KblHbICTapAaFbl  KONAAHbICTAfbl

AedbopmaumanapapiH, ToMeHaeyiHe KaHe KeMIp XbIHbICTapblHaH ra3 WblFapyaplH, TomeHaeyiHe
aKenepj. bynipnik kaHe Tay XblHblCTapblHAAfbl AedopmaLmanapbl MEH KepHeynepiHae Kasbaaa
TOMbIpak emec, byiipnik aHkep 6ap ekeHAiri aHbIKTan4bl.

TyiiiH ce3dep: Tay-KeH Ka3banapbl, aedopmaumanbik npouectepai 3epTrey, 6ekity napameTpaepi,

reomexaHUKanblK

npouecrep,
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AHKepHOe Kpen/ieHue ropHoOro MaccuBa Yro/iHbiX LWAXT ANA CHUXKEHUA NyYeHUs
nopoga, Nnousbl BbIpaboToK

OemuH B.®., }ypos B.B.

Hexkommepyeckoe akyuoHepHoe obwecmeso «KapazaHOuHcKul mexHuveckuli yHugepcumem umeHu Abblakaca CazuHoea»,
KapazaHda, KazaxcmaH

AHHOTAUMA

Mpu noaaepaHum BblpaGOTOK B npouecce a3KcnayaTauMu, Kak npasnao, NposoaAaTca paﬁOTbI no
YCTpaHeHuto I'IOCne,CI,CTBMﬁ nyyeHMa nopos no4sbl, BO3HUKaWOWeEro npu nnacTu4yeckmnx
,qed)opmau,mx C BblaaBMBaHUEM UX B MONOCTb BblpaﬁOTKVI nona ,El,el’lCTBVIeM KOHTYPHOIO ropHoro
haBneHnAa. BbiABNEHHble 3aKOHOMEPHOCTU U3MEHEeHUsA HaI'Ipﬂ)KeHHO-,CI,eCI)OpMMpOBaHHOI’O
COCTOAHUA yrne-nopogHbIX MmaccnuBoB (CMeLIJ,eHMﬁ, Hal’lpﬂ)'KeHVIl‘/ll, 30H TpeUJ,VIH006p33OBaHVIﬂ), B
3aBUCMMOCTU OT OCHOBHbIX TOPHO-TeoNorn4ecknx M ropHOTEXHUYECKUX d)aKTOpOB no3BoNAT

Moctynuna: 18 anpena 2022 YyCTaHaB/NMBATb ONTMMasbHble MapameTpbl  KpenaeHus nopos nousbl  pa3paboTaHbl
PeueHsnposanue: 04 utona 2022 TEXHONIOTMYECKUE CXEMbI CHUMKEHWA NYYEeHUA NOPOA, MOYBbI FOPHbLIX BbIPABOTOK ANA NOBbILLEHWUA
MNpwuHATa B nevaTtb: 10 okmAbpa 2022 YCTOMUYMBOCTM  MOATOTOBUTE/IbHBIX  TOPHbIX  BblpaboTok. Ob6ocHOBaHa paspabotka w

COBEPLUEHCTBOBAHME CYLLECTBYHOLWMX TEXHONOTMI 3bPeKTUBHOrO M 6e30MacHOro KpenneHus
NPUKOHTYPHbIX NOPOZ, NPU NPOBEAEHUMN FOPHBIX BbIPABOTOK HA NONOTMX U HAKNOHHbBIX YrONbHbIX
nnactax. Mogenvposanua HOC cBMAETENbCTBYET O TOM, YTO Ha AedopMaLMn U HANPANKEHWUA B
60KOBbIX MOPOAAX, TaK U B NOPOAAX NOYBbI MPEVMYyLLECTBEHHOE OKa3blBalOT HE NPUMNOYBEHHbIE, @
60oKoBblE aHKepa, NPUBOAALIMX K YMEHbLUEHWUIO AelcTylownUX Aedopmauunii B8 nopogax,
OKpY)KaloWmX BbIpabOTKY M CHUXKEHWIO Ta30BbIAENEHUA U3  Yr1enopogHOro  MaccuBa.
YCTaHOB/IEHO, YTO Ha AedopmMaumu M HanpsKeHUs Kak GOKOBbIX, TaK M B NOpoAax MouBbl B
BblpabOTKe OKa3bIBalOT He MPUMOYBEHHbIE, @ BOKOBbIE aHKepa.

Knrouesbie cnoea: ropHble BbIpaboTKM, uccnegoBaHue AepOPMALMOHHBIX MPOLLECCoB,
napameTpbl KpenaeHus, reomexaHU4yeckue MpoLecchl, aHKepHas Kpenb, NPOABAEHUA TOPHOro
[aBNEHNA, TEXHONOTUYECKME CXEMDI.
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