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1 . . . .
Inemumym ceomexniunoi mexanixu im. M.C. Ilonaxoea HAH Yxpalnu

Annotation. In the context of mines with steep seams, it is of great importance to solve a problem of accelerating
the rates of new horizon preparation by reducing amount of mining operations and applying advanced supports in the
capital crosscuts (roof-bolting, shotcreting, and combined supports). In order to substantiate area of the advanced
support application in the crosscuts, an integrated mine research was performed, industry-based experiments were
carried out, and typical project of consolidating the mine roadways with the help of the shotcrete supports was
developed. Analysis of rock pressure manifestations included the following: survey of the mine roadways and over-
support areas; mounting of line and deep gauge stations; rock fracture characterization by the cores drilled out from the
rock mass; statistical data processing and substantiation of the support parameters by economic-probabilistic methods;
development of practical recommendations; and industry-based experiments for verifying the solutions obtained. The
following regularities were determined experimentally, which concerned behaviour of rock pressure parameters in the
crosscuts driven in the steep stratified rock mass: rock displacements within the contour and in the depth of zone with
non-elastic deformations; thicknesses of broken and displaced rocks; inrush heights in the rocks broken by blast and
fallen on the bearing support. A new phenomenon was identified: disintegration of rock mass being stable in the contour
of the mine roadway cavity. It was determined that rock inrush from area between the anchors was a random value with
density distributed by the Laplace law; signs of extremely unstable rocks were defined. Range of use and parameters of
the roof-bolting, shotcreting, metal frame, and combined supports were substantiated by the economic-probabilistic
approach. The performed research became a basis for development of a standard project for the mine working
consolidation by the advanced supports; the supports were tested at industrial scale; and schemes of support setting in
the crosscuts were reviewed. The research makes it possible to reduce by 30% expenditures connected with a new mine
horizon opening.
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1. Introduction

In the context of mines with steeply dipping seams, it is of current interest to
solve a problem of the accelerated preparation of new level by means of the
decreased amount of mining and application of the advanced supports within capital
crosscuts(i.e. roof-bolting, shotcreting, and combined) [1,4].

To substantiate application area of the advanced supports within crosscuts,
integrated mine research has been performed, industry-based experiments have been
carried out, and typical design to support mine workings with the help of shotcrete
supports have been developed.
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2. Methods

Analysis of rock pressure manifestations has included the following: survey of
mine workings and over-support areas; mounting of line gauge stations and deep
ones; rock fracture characterisation on the cores drilled out of the rock mass;
statistical data processing and substantiation of the support parameters using
economic and probabilistic methods; development of practical recommendations, and
industry-based experiments to verify the solutions which have been obtined.

3. The results which have been obtained and their discussions

3.1. Observations

The Following scientific facts have been established as a result of the survey of
crosscuts and over-support areas: generally, rock border of crosscuts is stable;
maintenance of crosscuts is repair-free; there are cavities all over the area behind the
support of mine workings; support takes up load from the weight of back-filling rock
layer. The exception is represented by the crosscut areas crossing the layers of
unstable rocks including: lumpy rock; partings of dissected coal seams; seams prone
to inrushing and shales within the contact points with water-bearing limestones and
sandstones.

Certain over-support areas are characterized by rock inrushes onto the support.

Rock heaving in permanent crosscuts is not observed.

3.2. Displacement of rock border

Displacement of stratified rock border is insignificant (up to 25 mm) being less
than the gap between support and rock border. Displacing rocks are not involved in
the system of forces transmitting pressure to the support. Displacement of solid rocks
Is not more than 5 mm; within distortion unstable rock crossing, they reach 300 mm.

3.3.Thickness of the zone of inelastic deformations

Observations in terms of deep measuring stations have helped to determine that
thickness of the zone of inelastic deformations within solid and stratified rocks is not
more than 1.5 m.

Within the points of unstable rock crossing, thickness of the zone of inelastic
deformations is from3 mto 5 m.

3.4. Regularitiesof blasting rock breaking

There is the alternation of the zones of broken and unbroken rocks being at equal
distance from the mine workings border behind the crosscuts border [2]. The
determined regularity is proved by independent studies and developed as the effect of
rock disintegration [3,5] as a result of not blasting but geomechanical forces.

Thickness of the first zone of technological fracturing which is found immediately
beyond the crosscuts border, depends on the rock tensile strength in uniaxial
compression (Fig. 1):

B 1
Y oa+bf

where f is coefficient of rock strength according to the scale by M.M. Protodyakonov
a = 0.38, b = 0.058 are empirical coefficients.
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The time factor and cross-section area of crosscuts crossing stratified and solid
rocks have no considerable effect upon the thickness of first fractured zone boom.

The density of the fracture amount decreases along with the distance of rock mass
from the mine workings border. Two areas of the first fractured zone are
characteristic ones: active and passive. The thickness of the area of active fissuring is
~80 % of total thickness of the fractured zone.
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Figurel - The influence of the rock-hardness ratio on the size of the fracture zone around the drifts

3.5. The Regularities of the inrush formation

The rock inrush height onto the supports of mine workings is not more than the
thickness of the first zone of technological fissility.

In terms of roof-bolted crosscuts, height of rock inrush from inter-bolted area is a
random value with the density of distribution which follows the hyperbolic law.

The maximum height of rock inrush from inter-bolted area is equal to the half of
the distance between bolts.

3.6. A differentiated approach to the selection of support type

A differentiated approach to substantiate support types and parameters has been
developed on the basis of typification of natural conditions in crosscuts. In general,
four groups of controlling crosscuts conditionshavebeenemphasized.

Group one includes the crosscuts areas crossing solid sandstones and
characterized by insignificant (up to 5 mm) rock border displacements. Group two
involves crosscuts crossing layers of thick (m>10 m) stratified rocks (sandstones,
aleurolites, and argillites). Rock border displacements under such conditions are 5-25
mm. Group three includes areas of crosscuts at crossing areas of coal seams being not
prone to inrushing and stratified rocks as well as a part of alternating layers of small-
thickness rocks (m<3...4 m) with different strength. Under such conditions, rock
border displacement is not more than 50-100 mm. In third group of conditions for
supports, we can observe destruction of shotcrete and combined(bolts and shotcrete)
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supports. At the same time, combined support (shotcrete and light-weight metal
frames) provides repair-free maintenance of mine workings Group four involves
crosscuts areas crossing block and lumpy rock structures, water-saturated
argillaceous shales, argillites within the contacts with water-bearing limestones or
sandstones, partings of the zones of intersected coal seams, small-thickness argillites
occurring within the immediate roof (floor) of coal seams prone to inrushing. Rock
border displacements under such conditions are up to 200-300 mm.

A comparative geological section in terms of mines of Central Donbas region has
been developed indicating zones of rocks prone to caving. In this context, it has been
defined that total thickness of rocks prone to caving (group four) is relatively small
being not more than 7 % of total coal-bearing thickness.

Table 1 represents recommended supports for crosscuts constructed in steeply
dipping rock mass.

3.7.Substantiating support parameters

The results of mine experimental studies and generalized practice-based data have
become the basis to substantiate geomechanical parameters of supports for permanent
crosscuts.

Basing upon the data on thickness of fissility zones, active length of bolts has
been substantiated (Table 2).

Table 1 -Recommendedsupportsforcrosscuts disclosed steep-dipping rocks.

. Area of
Displacements of rock
Group of support ; crosscut .
o, border of mine Rational support
conditions . Cross-
workings, mm . 2
section, m
I up to5 upto50 | Shotcrete(d =30 mm) or frame-

arch made of light-weight profiles
with metal mesh

II 5-25 up to50 Combined obolt sands hot crete
(6 =30 mm) frame-arch made of
light-weight profiles with metal

mesh
11 up t0100 up t050 Frame-arch
v up t0200 up to20; 20- | Frame-arch; the same with
50 backfilling of cavities behind the
support

Table 2 -Active length of bolts.

Coefficient of rock strength 10- 15-
accordingto the scale by | 2-3 3-6 7-9 14 18 18
M.M. Protodyakonov

Length of the active share
of a bolt, m

1.8 1.6 1.4 1.2 0.9 0.7

Thickness of shot create layer and density of bolting have been determined by
means of technical and economic modeling. The problem was solved in terms of two
types of modeling: determinate and probabilistic.
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The following results have been obtained for combined support of bolts and
shotcrete:

a) in terms of determinate modeling, optima Iparameters are as follows: shot
create layer thickness is 6 = 0.05 m and distance between bolts is a ~ 1.0 m;

b) in terms of probabilistic modeling, optimal parameters are as follows: shot
create layer thickness is 6 = 0.003m and distance between bolts is up to 1.5 m;

Parameters of metal arch support. It is not expedient to apply metal flexible
supports in permanent crosscuts since rock border displacement is less than a
technological gap between the borders of support and rock cavity. Rigid operating
mode of support is optimal in this case. Support load on frames should be determined
based on the condition G >Q, where G is bearing capacity of the support, kN; Q is

weight of rocks broken by blasting, KN.

3.8. Substantiating crosscut geometry

While studying crosscuts being operated without support, it has been determined
that actual height of cross-section archsis not more than 1/6 of their width, i.e. almost
twice less than it is recommended by standard design with concrete support. Decrease
in arch height has made it possible to reduce rock excavation volume by 15-20%.

3.9. Selecting type of shaft in sets

The fact that rock pressure parameters do not depend upon the cross-section area
of crosscuts has allowed evaluating the expediency to design station-type shaft insets
basing upon the mine workings of increased cross-section. Structural comparative
analysis has helped define that station-type shaft insets are more economic than the
ones based on standard cross-sections of mine workings by 30-35%.

3.10 Optimal elements of crosscuts

Cross-sectional shape. The optimal shape of cross drift is a half-circle under the
terms of minimizing the cost of breaking the rock and fastening the cross-section of a
given area, set at the permissible air velocity.

The best is a cross drift with a vault box-shaped with their width adopted
according to the conditions of transport.

Distance between parallel crosscuts. Crosscuts do not have a mutual influence on
the stability of rock exposures when the distance between their contours is 8-10 m.

The results of the studies have been implemented into the projects of opening and
preparation of new levels of Central Donbas region.

Conclusions

1. The basic regularities of changes in geomechanical parameters of rock-support
systems (displacements, thickness of the breaking zones, rock caving, rock inrush
formation) for crosscuts driven in steeply dipping rock mass have been specified;

2. It has been defined that crosscuts driven across the strike of stratified
sedimentary rocks are characterized by increased stability. They are expedient to be
supported by advanced supports: bolting, shotcreting, and light-weight rigid H-beam
support.

3. Shotcrete thickness should be specified in the context of the conditions of rock
protection weathering (6 ~3 cm) while parameters of bolting and metal frame
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supports should be taken basing upon the thickness of the rock broken with blasting
beyond the mine working border.

4. The application of advanced supports helps to reduce amounts of permanent
crosscuts by 15-20 %.
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AHoTauif. [ns waxT 3 KpyTUM nagiHHAM NNacTiB akTyanbHUM € pilleHHs NpobneMu NPUCKOPEHHS NigroTOBKM
HOBWX TOPU3OHTIB - LUMAXOM 3MEHLUEHHS 0B'eMiB ripCbKMX POBIT i BXKMBAHHS MPOTPECUMBHUX KPIMeHb Yy KaniTanbHUX
KBepLunarax (aHkepHoro, HabpuakbeTOHHOrO | koMbiHOBaHOrO). 11 0BrpyHTOBYBaHHS 06MACTi BXMBAHHS NPOrPECUBHUX
KpinneHb y Keeplunarax BMKOHAHO KOMMIEKCHI LUaXTHi BOCTIMDKEHHS, NPOBEAEHO AOCHIAHO-NPOMMCIIOBY NEPEBIPKY i
pO3p0oBIEHO TUMOBMIA MPOEKT KpinneHHst BUPOOOK HabpU3K-DETOHHUM KpinneHHsM. [ocnimkeHHs NpOsIBIB MipCbKOro
TUCKY BKIOYanW: OOCTEXEHHs FipHNYMX BUPOBOK i HaAKPIMHUX NPOCTOPIB, BCTAHOBMIEHHS KOHTYPHWUX i FMWMOWUHHMX
BUMIPHWX CTaHLii, LOCMiMKEHHS TPILLMHYBATOCTI MOPI4 NO KepHax, BMOYPIOBaHWX 3 MOPOAHOMO MAacuBy; CTaTUCTUYHY
00pobKy AaHux i 0BrpyHTOBYBaHHSA MapameTpiB KpinneHb MeToAaMM E€KOHOMIKO-BIpOTiAHOCTI, pO3pODKy MPaKTUYHMX
pekoMeHZauin i [OCMgHO-NPOMMCIIOBY  MEPEBIPKY  OJepXaHWX  pileHb.  EKCNepUMEHTanbHO  BCTAHOBIEHO
3aKOHOMIPHOCTI 3MiHM NapamMeTpiB MipCbKOro TUCKY Y KBepLunarax, NpOMAEHUX Yy KpyTomagar4vomy LiapyBaTomy
NOpOAHOMY MacHBi: 3CyBIiB NOpig Ha KOHTYPI i B MWOMHI 30HWN HenpyxHUX AeopmalLliit; TOBLUMHW 3pYAHOBAHMX MOPIA i
nopig, Wo 3MillyBanucs; BUCOT BUBarniB y Nopoaax, 3pyvHOBaHWX BMOYXOM i OOpyLEeHUX Ha nignipHe KpinneHHs.
BcTaHOBNEHO HOBE fABWLLE — AesiHTerpauusi MOpigHOrO MacuBy, CTIMKOTO HA KOHTYPi MOPOXHWHM FPCHKOI BUPOOKA.
BcTaHoBNEHO, WO BMBaNM NOPOAM 3 MiXaHKEPHOrO MPOCTOPY € BUMAaAKOBOK BENUYMHOK, 3 MYCTUHO PO3NOAINy 3a
3akoHoM Jlannaca, i igeHTu(ikoBaHO O3HakW ocobmmBo HecTinkux nopig. O6rpyHTOBaHO 0BMacTi BUKOPUCTAHHS |
napameTpu aHKepHoro, Habpu3KOETOHHOTO, MeTareBo paMol | KOMBIHOBAHOrO KPIMMEHHs, Ha OCHOBI Migxody
€KOHOMIKO-BipOrigHOCTI. Ha nigcTasi BMKOHaHWX OOCAIMKEHb PO3POOGNEHO TUMOBWUIA MPOEKT KPIiNneHHs BuUpoGok
NPOrpPECUBHUMM KPINMEHHAMM, NPOBEEHO AOCIAHO-NPOMMUCIIOBY NEPEBIPKY KpinneHb i NepernaHyTo NpOeKTH KpinneHHs
kaniTanbHux kBepLunaria. JocnimkeHHs 3abeanedye 3HUKEHHS BUTPAT Ha POSKPUTTS HOBOTO ropu3oHTY Lwaxtit 4o 30 %.
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KntouoBi cnoBa: reomexaHika, NPOeKTyBaHHs1, KBEpLUIar, KpyTonagakunii Macve, OCaAKOBI ripChbKi MOpoau.

AHHoTauuA. [1ns WaxT C KpyTbiM NageHWeM NnactoB aKkTyarbHO pelleHne npobreMbl YCKOPEHUs MOArOTOBKM
HOBbIX TOPWU3OHTOB - MyTEM YMEHbLIEHNS O0BLEMOB TFOPHbIX PaboT W MPUMEHEHWS MPOrpecCcUBHbIX Kpenei B
KanuTanbHbIX KBeplunarax (aHKepHOW, HabpbI3arOETOHHOM KU KOMOMHWpOBaHHOW). [ns o6ocHoBaHWA obnactu
NPUMEHEHNS NPOrPECCHBHBIX KPenen B KBepLurarax BbIMOMHEHbl KOMMMEKCHbIE LWaxTHble UCCreaoBaHus, npoBefeHa
OMbITHO-NPOMBILLAEHHAs NPOBepKa W pa3paboTaH TUMOBOW NPOEKT KPenneHns BblpaboToK HAbPbI3rGETOHHOM KpenbIo.
ccnepoBaHns MpOSIBNIEHWA TOPHOMO [aBneHnst BKMoYanu: oBcnefoBaHWe TOPHbIX BbIpaboTOK W HaAKpemnHbIX
NPOCTPAHCTB, YCTAHOBKY KOHTYPHbIX W MyOMHHBIX 3aMepHbIX CTaHLWA, WCCREAOBaHME TPELLMHOBATOCTW NOPOA No
kepHam, BblbyprBaeMbIM M3 NOPOAHOTO MacCKBa; CTaTUCTUYECKYl 06paboTKy AaHHbIX 1 0BOCHOBaHWE napameTpoB
Kpenei 9KOHOMMKO-BEPOSTHOCTHBIMI MeTOAaMK, pa3paboTky NpaKkTUYecKux pekoMeHAaLuUin 1 OnbITHO-NPOMBILLEHHYHO
NPOBEPKY NOMYyYEHHbIX PELLEHNA. DKCNEPUMEHTANBHO YCTaHOBMNEHbI 3aKOHOMEPHOCTY M3MEHEHWS NapamMeTPOB FOPHOTO
[aBIEHNS B KBEPLUNArax, NPOAEHHbIX B KpyTONagatoLLeM CrioucToM NOPOSHOM MaccuBe: CMELLEHII NOPOs Ha KOHTYpe
n B rnybuHe 30HbI Heynpyrux Aedopmauui; TONWMH PaspyLUEHHbIX ¥ CMELLAIOWMXCA NOPOA; BbICOT BbIBANoB B
nopodax, paspyLUeHHbIX B3PbIBOM W OOpYLUEHHbIX Ha MOAMOPHYIO Kpenb. YCTaHOBMEHO HOBOE SBNEHWE —
AEe3nHTerpaums NOpoaHOro MaccKBea, YCTOMYUBOTO Ha KOHTYpPe MOMOCTW FOpHOW BbIpabOoTKK. YCTaHOBMEHO, YTO BbiBan
nopoasl 13 MexayaHKepHOro MpoCTPaHCTBa eCTb ChyyvanHas BEnWYMHA, C MIIOTHOCTLIO pacnpefeneHust no 3akoHy
JNlannacca, u maeHTMMUMPOBaHEI NpU3HakM 0cobo HeycTonumBbix nopod. OGocHOBaHbI 0BnacTM NpUMEHeHMs W
napameTpbl aHKepHOW, HabpbIArGETOHHON, METaNMYECKoN Pamoii 1 KOMBUHMPOBAHHON Kpenew, Ha OCHOBE SKOHOMHO-
BEPOSTHOCTHOrO nogxoda. Ha OCHOBaHWW BbIMOMHEHHBIX MCCenoBaHUi, paspaboTaH TUMOBOW MPOEKT KpenneHus
BbIpabOTOK MPOrpecCcMBHLIMIA KPEnsiMK, MpOBEeEeHa OMbITHO-MPOMbILLNIEHHAs MNPOBEpKa Kpenen U NepecMOTPeHbl
NPOEKTbI KPENNEHUs KanuTanbHbIX KBepLUnaros. MccnenosaHue obecneynBaeT CHBKEHME 3aTpaT Ha BCKPbITUE HOBOTO
ropusoHTa waxtbl A0 30 %.

KntoyeBble cnoBa: reoMexaHuka, MPOEKTUPOBAHWE, KBEpLUSar, KpyTonadalolwmi Maccus, OCafoyHble rOpHble
nopogpl
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