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Heas. IMoBbilieHUe 3(h(PEKTUBHOCTU U3OJSILMOH-
HBIX paboOT 3a CYET MPUMEHEHUS TEPMOILTIACTUYHBIX
cMecell Ha OCHOBE MTOJIMATWIIEHTepedTantaTa.

Metoauka. [ToctaBieHHbIe 3a1a41 pelliaIMCh KOM-
TUTEKCHBIM METOIOM MCCIICHOBAHUSI, BKIIIOUAIOIINM
aHaIIM3 1 0000IIeHNE TNTePATyPHBIX U TTATCHTHBIX UC-
TOYHUKOB, TIPOBEICHNE aHATUTUICCKIX, SKCIIEPUMEH-
TaJbHBIX MccienoBaHuii. OOpaboTKa BSKCIepUMEH-
TaJIbHBIX TaHHBIX TTpoBoauiiack Ha [I9BM c¢ ncnonn3o-
BaHMEM METOJOB MaTeMaTUUECKOI CTAaTUCTUKU.

PesynbTatpl. Pa3paboraH u 00OCHOBaH CIOCOO
MU30JISILMUA  TIOTJIONIAIOIIMX TOPU3OHTOB TEepMOILia-
CTUYHBIMU MaTepualaMu, JUIsl peaau3aluu KOTOPOro
HEOOXOAMMO BBIMOJHUTD CJAEAYIOLINE TEeXHOJIOTrnye-
CKUe oTnepalnu: JOCTaBKY TEPMOIUIACTUYHBIX MAaTepU-
aJI0B Ha 32001 CKBaXXWHEI, TIaBJICHUE TEPMOTUIACTIY -
HBIX MaTepUaJoOB U BIABIMBAHUE TEPMOILIACTUIHBIX
MaTepHaJiOB B KaHAJIBI IIOTJIONICHUS. B KadecTBe Tam-
TMOHAXXHOTO MaTepHasa ISt U30JISIIINY TTOTJIOMIAFOIITIX
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Hayuynas HoBu3Ha. BriepBbie 000CHOBaHa 1 10Ka3a-
Ha BO3MOXHOCTb MPUMEHEHMUST B KQUeCTBE TAMITOHAXK-
HOTO TEPMOILJIACTUYHOIO MaTepuana ObITOBBIX OTXO-
JIOB Ha OCHOBe mnoaudTujieHTepedTanata. Brepsbie
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BUPOBOK

Purpose. Developing a technology with rope anchors hardening a roof of workings supported with steel-polymer-
ic anchors which will exclude the roof collapse cases in zones of the increased mining pressure.

Methodology. Solving problems is based on systematic analysis and generalization of theoretic and industrial do-
mestic and foreign experience in the field of development of technological schemes of mining roadways in stratified
and ore mineral deposits; data modeling of strata pressure allocation, defectiveness and stability of rock massif; ana-
Iytical researches of efficient application of technological innovations; experiments in real industrial conditions.

Findings. The two-level technology of supporting extraction workings based on accounting geomechanics of
stressed-and-strained state of rocks around the workings with determining the optimum parameters of roof bolting
depending on the influencing mining technological factors.

Originality of the methods proposed in the work consists in the following:

- the design capability to perceive loading without delays, a great load bearing capacity, prevention of the shift and
stratification of the roof rocks, formation of domes and rock inrushes;

- reducing methane gas emission into the working, enhanced durability of the support and increased between-
repairs resource, as well as the reached economic efficiency due to the cost reduction for working support and repair.
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Practical value. Depending on the characteristic of the roof rocks, a way of supporting the roof rocks is developed

with an anchor bridge.

Keywords: workings, geomechanical processes, roof bolting, manifestations of mining pressure, stability of rock out-
crops, mining factors, stressed-and-strained state, coal-rock massif, convergence

Introduction. The current tendency of using a non-
pillar technology of developing seams requires searching
well-tried remedies of protecting preparatory workings,
first of all adjoining the stope.

Manifestation of technological factors is caused by
the development depth, the direction and speed of driv-
ing the preparatory faces, ways of driving and protect-
ing, types of support and the technological scheme of
supporting workings.

When analyzing the practice of using extraction
workings, it is necessary to refer to the major mining-
and-geological factors influencing the conditions of
their driving and supporting; the depth of bedding deter-
mining the value of vertical and horizontal components
of mining pressure; the seam thickness and inclination;
the enclosing rocks properties.

Defining the main problem. The amount of implemen-
tation of the roof bolting of workings in mines of the
Karaganda coal basin makes 12 % in the pure form and
42 % in the mixed form. For a broader use of the roof
bolting, it is necessary to substantiate its parameters de-
pending on the development conditions, to determine
the area of possible and effective operation and to devel-
op progressive technological schemes of its construction.

Analyzing the study results. The main reasons of lim-
ited volumes of using roof bolting of workings are:

- complication of mining-and-geological and min-
ing conditions with transition to the development depth
of over 600 m;

- the cross-sectional area of workings, in particular
technological schemes of extraction adjoining workings
increased by 35—40 %;

- insufficient study of geomechanical processes in
the rocks around workings at the low levels and working
capacity of roof bolting in these conditions.

When supporting the roof rocks of a working, there
can be contour mining rocks of various physical-and-
mechanical, strength and geometrical parameters of
seams.

At this, stratifications and zones of crack forming
can locate at various distances from the working con-
tour.

In the zone of the stop influence various schemes of
support can be used depending on the characteristics of
the roof rocks: a single- or two-level and a combined
scheme of fastening.

Presentation of the main research. The predicted
depth of slipping the mining rocks subjected to com-
pression across the seams is in accordance with the pro-
vided calculation scheme from the expression [1]
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where C is the depth of coal or rock slipping in the seam
or rock workings, m; K. is the coefficient of concentra-
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tion of compressing stresses in the heels of the set of
natural balance connected with the working driving; it is
selected depending on the way of driving, form and ratio
of the cross dimensions of the working; for obtaining the
depth of the mining rocks slipping at the interfaces of
workings, the K, values increase by 1.4 times; v is the
average density of the rocks lying over the working to the
surface, t/m?; H is the working laying depth from the
surface, m; B is the coefficient of stoping influence for
seam and rock workings constructed out of the zone of
stope influence [2]; a is the rocks inclination, degrees;
o, is the average durability of the compressed thickness
of rocks h cut by the working, MPa; if a rock layer that is
weaker in its bearing capacity occurs in the compressed
thickness, its compression strength is taken in calcula-
tions; 4 is the thickness of the compressed layers of rocks
cut by the working, m.

If the cut massif has diverse rocks of different dura-
bility, the thickness of the weakest pack of rocks which is
contained in 4 limits is understood as the thickness of a
layer (layers); o is the seeming angle of internal friction
of rocks cut by the working, degree.

At a considerable difference of strength properties of the
rocks cut by the working the o values are selected according
to the weakest pack of rocks within 4. The dependence of
the seeming angle of internal friction of rocks on their
compression strength is expressed by the equation

o =arctgo,/10;
o =arctg24/10 = arctg2.4 = 67. 2)

Choice of K. as the coefficient of concentration of
compressing stresses in the heels of the set of natural
balance connected with the working driving is made
(K.=1.5) depending on the way of driving, form and ra-
tio of the working cross dimensions. To obtain the depth
of the mining rocks slipping at the interfaces of work-
ings, the K, values are increased by 2—3 times (respec-
tively 1.5 * 2=3 and 1.5 * 3=4.5).

Depending on the working laying depth, the calcula-
tions are given for various depth of laying (H = 600, 700
and 800 m).

Depending on the average durability of the com-
pressed rock mass (c,), MPa, it is taken to be 10, 15 and
24 MPa. The working depth at the average durability of
rocks of 24 MPa is determined; at the depth of laying
600, 700 and 800 m it makes respectively 0.05—1.2,
0.09—1.5 and 0.19—1.8 m.

The working depth at the average durability of rocks
of 15 MPa is determined. With the depth of laying of
600, 700 and 800 m it makes respectively 0.35-2.28,
0.5—1.64 and 0.67—3.25 m.

The working depth at the average durability of rocks
of 10 MPa is determined. With the depth of laying of
600, 700 and 800 m it makes respectively 0.83—3.7,
1.08—4.4 and 1.32—5.1 m.
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The design data show that with increasing the coef-
ficient of concentration of compressing stress (K.) and
reducing the average durability of the compressed rock
mass (c,), the depth of the rocks slipping C increases, m
(Fig. 2).

At the maximum coefficient of concentration (K, =
4.5) and the minimum durability of rocks (6,= 10 MPa),
the depth of the working reaches the highest point,
5.1m.

The working laying depth also plays an important
role since the depth of the rock slipping also increases
with its growth (Fig. 1). According to this, it is possible
to use single-level (Fig. 2, a), two-level and combined
(Fig. 2, b) schemes of supporting the working rocks.

1. Zone 1 (hardening zone of resin-grouted roof bolt
roof anchors); 2. Zone 2 (hardening zone of the cable
anchors); 3. Zone 1 Zone hardening compounds (hard-
ening of the roof area of resin-grouted roof bolanchors)
and Zone 2 (cable anchors hardening zone); 4. The ca-
ble anchor; 5. Resin-grouted roof bolt anchor; 6. Zone
of maximum hardening compound 1 and Zone 2

The developed technique of supporting the roof
rocks with an anchor bridge for use at deep levels of coal
mines (over 600 m) with an unstable immediate roof
and side enclosing rocks is given below.

The task of a technical solution is increasing stability
of the immediate roof at unstable sites of workings, in-
creasing safety of carrying out operations at deep levels
by means of lacing together unstable rocks of the imme-
diate roof and subsequent fixing of the developed artifi-
cial “bridge” to hard rocks of the main roof.

The technical result provides improving the techni-
cal condition of the roof bolting, developing the condi-
tions for supporting the fixed section of the working,
ensuring the greatest stability of the immediate roof, re-
ducing rock inrushes and increasing the support service
life owing to the fact that the artificially scamed imme-
diate roof acquires the additional margin of safety in the
zone of basic pressure and the formed massif of rocks is
supported by means of rope anchors of deep bedding to

Depth of the working driving, m
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Fig. 1. Computation chart for determining the rock slip-
ping

harder rocks of the main roof provided by steady hard
rocks, such as soapstone or sandstone, thereby an effect
of strengthening the working contours and decreasing
mining pressure on the support is created (Fig. 3).

This connection is performed by means of mounting
3 levels of anchors: level 1 anchors (they are superficial
to support the immediate roof), deep anchors of level 2
(they form connection between the immediate roof sup-
ported by level 1anchors and the main roof) and anchors
of deep laying that represent a rope anchor not less than
5—7 m long. For supporting the first level steel-poly-
meric anchors 2.4 m long are used, and for supporting
the second level steel-polymeric anchors 3.5 m long are
used (compound anchors).

Around the working there are 3 zones formed: a zone
of basic pressure, a zone of elastic deformations and a
zone of plastic deformations. Supporting the working
begins with the face frill, namely the roof and the sides
of the working. Then the level 1 roofing anchors with
complete filling are mounted. After this the level 2 roof-
ing anchors and the side anchors also with complete fill-
ing are mounted. Further on, the rope anchors of deep
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Fig. 2. Using single-level (a) and combined (b) schemes of supporting the working roof:
1— coal seam; 2 — clamping plate; 3 — tension nut; 4 — anchor grid; 5 — rope anchors of deep laying; 6 — glass-plastic side anchors
of level 1; 7 — glass-plastic side anchors of level 2; 8§ — steel-polymeric roof anchors of level 1; 9 — steel-polymeric roof anchors of
level 2 (compound); 10 — zone of elastic deformations; 11 — zone of plastic deformations; 12 — zone of bearing pressure; 13 —

working roof
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Fig. 3. Method of three-level (complex) supporting of the
working roof rocks:
I — coal seam; 2 — clamping plate; 3 — tension nut; 4 —
anchor grid; 5 — rope anchors of deep laying; 6 — glass-
plastic side anchors of level 1; 7 — glass-plastic side an-
chors of level 2; § — steel-polymeric roof anchors of level I;
9 — steel-polymeric roof anchors of level 2 (compound);
10 — zone of elastic deformations; 11 — zone of plastic de-
formations; 12 — zone of bearing pressure; 13 — working
roof

laying with incomplete filling of the shot are mounted.
All the anchors are fixed in the shot with a solution ob-
tained when the anchor breaks the capsules which are
fed into the shot in advance. The number of shots is de-
fined by the passport of the face supporting.

After the solution has solidified, a clamping plate,
which is fixed by a tension nut, is put on the anchors.
Between the strip and the plate with a nut, a cone-
shaped spacer is set which when perceiving the load pro-
vides the support pliability owing to its deformation.

The benefits of this method are: the design capability
to perceive loading without delays, a great load bearing
capacity, prevention of the shift and stratification of the
roof rocks, formation of domes and rock inrushes. The
benefits of this method also include reducing methane
gas emission into the working, the increased support du-
rability and the increased between-repairs resource, as
well as the reached economic efficiency owing to reduc-
ing the cost to maintain and repair of the working [3, 4].

An example of the particular application of the de-
veloped technological solution is presented in the pass-
port of supporting the roof of 61k, ; belt horizon in the
zone of bearing pressure from the lava of Saranskaya
mine (the Karaganda coal basin, the Republic of Ka-
zakhstan) — Fig. 4.

Trial mounting of experimental rope anchors of the
KSTU design was carried out at Kostenko mine [5].

Within the trial operation of the mounted experi-
mental rope anchors of KSTU production in 44k,_; belt
heading and 49k, ; ventilating horizon a pilot batch of
rope anchors in the number of 100 pieces was tested.

As a result of testing the experimental rope anchors
(KSTU production) it was established that:

- the design of the trial batch of rope anchors is con-
venient and safe to use for the working roof inhaling;

- the trial operation of rope anchors was made on the
interfaces of the preparatory faces. Within the operation
the experimental anchors showed a good bearing capa-
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Fig. 4. Passport of supporting the roof of the 61k, ; belt
heading of Saranskaya mine in the zone of bearing
pressure

bility, not being inferior to the designs of foreign rope
anchors.

Rope anchors were mounted ahead of the zone of
bearing pressure with the combined supporting of work-
ings on K; seam

Conclusions. There was performed supporting of the
gap zone between the linear sections of self-propelled
support and the heading zone using steel-polymeric and
rope anchors that would permit to strengthen rocks of
this zone that in turn would provide stability of rocks in
the roof and would reduce material consumption and
labor costs for re-supporting the zone of the gap. 10—
15 m ahead of the lava “strings” of running of SVP-
22(27) L=2.0—2.5 m are installed with mounting for the
running a prop GVKU (ST-20) 1 with a step of 1 m.

Schemes of supporting side rocks of the working
with various combinations of roof bolting were studied,
on the basis of which it was established that the roof
bolting is a means of improving the operational param-
eters of extraction workings at various in physical-and-
mechanical, strength and geometrical parameters of
layers of the roof contour rocks.

The technology is realized which uses rope anchors
to strengthen the roof of workings supported with steel-
polymeric anchors that excludes roof collapse cases in
zones of the increased mining pressure. The influence of
the two-level anchor supporting on the geomechanical
conditions of the massif around the working is assessed.
The two-level technology of supporting extraction
workings is proposed based on the accounting the geo-
mechanics of the stressed-and-strained state of rocks
around workings with determining the optimum param-
eters of the roof bolting depending on the influencing
mining technological factors. It will exclude or as far as
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possible will reduce the danger of excessive concentra-
tion of stresses in the contour parts of the massif based
on the determined consistent patterns of zones of min-
ing pressure manifestation in coal-rock massif taking
into account mining technological conditions of the de-
velopment.
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Meta. CTBOpeHHS TEXHOJIOTIi 3MIlITHEHHSI KaHATHU-
MU aHKepaMU TTOKPiBJli BUPOOOK, 3aKPillJIECHUX CTaJIeIO-
JIIMEpHUMMM aHKepaMH, 1110 BUKJIIOUaTh BUMAAKU 00OBa-
JIEHHSI MOKPIiBJIi B 30HaX IMiJIBULLIEHOTO TPChbKOTrO TUCKY.

Metomuka. [Tonsirae B po3po01ii cmoco6iB KpirieH-
HSI MOpPia MOKPiBJIi aHKEPHUM MOCTOM Ha TJIMOOKUX
TOPU30HTAX BYTLIbHUX IIaxT (moHam 600 M) 3 HecTiii-
KO0 6e3nocepeHbOIO MOKPIiBJIeIo i O1YHUMU Mopoaa-
MM, 1110 BMilLIAIOTh.
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Pe3ynbTaT. CTBOpeHa ABOpiBHEBA TEXHOJIOTIS Kpi-
IUIEHHSI BUIMKOBUX BHUPOOOK Ha OCHOBi BpaxyBaHHSI
reoMexaHikv HarnpyxkeHo-nechOpMOBaHOTO CTaHy MO-
pil HAaBKOJIO BUPOOOK 3 BU3HAYEHHSM ONTUMAIbHUX
MapaMeTpiB aHKEPHOTO KPIiIJIEHHS B 3aJIEXKHOCTI Bil
TipHUYO-TEXHOJOTIUHMX (haKTOPiB, 110 BILJINBAIOTD.

HaykoBa HoBu3na. [lonsirae B HaCTyImHOMY:

- 3JaTHICTh KOHCTPYKIIii 0e3 3aTpUMKU CIpUAMaTU
HABaHTaXEHHS Ta il BeJIMKAa BaHTAaXOHecyya 34aT-
HiCTb, 3a0€3MeYeHHs MePelIKOAN 3MIllleHHIO i po3-
LIapyBaHHIO MOPiJI MOKPiBJIi, yTBOPEHHS KYITOJIiB i BU-
BaJTiB MOPOIY;

- 3MEHIIIEHHS Ta30BUAJIEHHSI METaHY B TTOPOXHU-
HY BUPOOKU, IMiABUIIIEHA TOBrOBIYHICTh KPITUIEHHS Ta
30iIbLIEHNI MiXKpEMOHTHUIA pecypc.

IIpakTUyHa 3HAYMMICTB. Y 3aJI€KHOCTI Bifl XapaKTe-
PUCTUKU TIOPi TOKPiBJIi pO3pOOJIEHO CIOCiO KPirieH-
HSI TOPiJI MOKPiBJIi aHKEPHUM MOCTOM.

Kimouogi cioBa: eipruui 6upobxu, depopmayiiini npo-
uecu, 2eOMexaHiuHi npouyecu, aHKepHe KpinaeHHs, 2ip-
COKUI MUCK, CMITIKICMb NOPOOHUX 020/1€Hb, 2IPHUYOMEX-
HiYHi hakmopu, 8yenenopooHULl MACUB, KOHBEP2eHYis

Iens. Co3naHue TEXHOJOTUM YIIPOYHEHUs] KaHaT-
HBIMU aHKepaMu KPOBJIM BbIPAOOTOK, 3aKpeIlJIEHHbIX
CTaJICTIOJTMMEPHBIMU aHKEpaMM, KOTOPbIE MCKIIIOYaT
cyyad OOpYIIeHUsT KPOBJIM B 30HaX IOBBIIIEHHOTO
TOPHOTO NaBJICHUSI.

Metoauka. 3akiaoyaeTcss B pa3padoTke crocoboB
KPEIJICHMST TIOPO KPOBIM aHKEPHBIM MOCTOM Ha TJIy-
OGOKUX TOPU30HTAX YroIbHBIX 1IaXT (6osiee 600 M) ¢ He-
YCTOMYMBOKM HEMNOCPEICTBEHHOU KpPOBJIEH U OOKOBHI-
MU BMEIIAIOIIUMU MOPOJAMU.

Pe3ynbratel. Co3maHa IBYXypOBHEBasi TEXHOJIOTHUS
KpeIJIeHUsI BBIEMOUHBIX BHIPAOOTOK HAa OCHOBE ydeTa
reOMEeXaHUKHU HaIpsLKeHHO-Ne(hOPMUPOBAHHOTO CO-
CTOSIHUSI TIOPOJ, BOKPYT BBIPaOOTOK C ONpenejeHUueM
ONTUMAJIBHBIX TTapaMeTPOB aHKEPHOTO KPEIUICHUs B
3aBUCHMOCTH OT BJIMSIIOIIMX TOPHO-TEXHOJOTUYECKUX
¢axkTopoB.

Hayuynas HoBU3HA. 3aK/II0YAETCS B CAEAYIOIIEM:

- CIIOCOOHOCTh KOHCTPYKLIMU 0e3 3amepKKU BOC-
IIPUHUMATh HArpy3Ky M ee OOJbIIas Ipy30HecyIast
CITOCOOHOCTBH, OOCCITIEUCHUE TIPEIISITCTBUS CMEIIICHUIO
1 PacCIOCHMIO TTOPOJ KPOBJIM, 00pa30BaHUIO KYIIOJIOB
1 BBIBAJIOB TTOPOIBI;

- YMEHbIIIEHNE Ta30BbIACICHUSI METaHa B IOJIOCTh
BbIPAOOTKM, TOBBILIEHHAA JOJITOBEYHOCTb KpEenu U
YBEJIMYEHHBIN MEXPEMOHTHBII pecypc.

IIpakTyeckas 3Ha4uMOCTh. B 3aBUCHMMOCTH OT Xa-
PaKTEPUCTUKU TOPOJ KPOBJIU pa3paboTaH crocod
KpPeTUIeHUS TTIOPOJI KPOBJIM aHKEPHBIM MOCTOM.

KimoueBble clioBa: coprbie sbipabomku, degopmayu-
OHHble NPOUECCH, 2eOMEXAHUYECKUEe NPOUeCCbl, AHKePHAs
Kpenb, 2opHoe dasaenue, YyCmou4ueocms NOPOOHbIX 0OHA-
JICeHUll, 20pHOMeXHU4ecKue QaxKmopwl, yeae-nopooublil
maccus, KoHeepeeHyus

Pekxomendosano 0o nybaikauii dokm. mexH. HayK
®. K. Hizamemoinoseum. Jlama Ha0Xo0xceHHs pyKOnucy
24.03.15.
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