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Abstract
Relevance. Improving the stability of driftways and inclined mine workings is an essential
task in underground mining. Support efficiency largely depends on the conditions of its contact
with the host rocks. When building steel arch supports, much attention is therefore paid to
set blocking and contact grouting. Evidence shows that the blocking is important for support
stability. Whenever due attention is not paid to this problem, load from shifting rocks transfers
to the middle part of capping and causes bending before the support ever reaches the yielding
mode.
Research objective is to increase the stability of driftways and inclined mine workings by
controlling the stress-strain state of frame supports.
Research object is steel arch support of driftways and inclined mine workings.
Research subject is the calculation and design of steel arch support with control forces.
Research task is to develop the methods for calculating frame support using the most rational
types of control forces.
Methods of research include an integrated research method with scientific generalization of
theoretical and experimental works by domestic and foreign researchers, theoretical studies
based on the methods of structural mechanics, field observations and experiments, results
processing based on the methods of mathematical statistics.
Results. It was established by calculations that under symmetrical load, the use of blockings
with a given force value of 20 kN increases the bearing capacity of the support by 1.5 times,
and under asymmetric load — by 2.3 times. The given calculation data make it possible to
determine the rational parameters of support with blocking to ensure stable support for mine
workings.

Keywords: support; mineral resource, rock bolt; mine working; mine; deformation; analytic
model; stability.

Introduction. Steel support provides support of mine workings at coal mines.
In the Russian Federation more than 80-90% of all extended workings are now supported
with steel support. There is a further upward trend towards using steel support for extended
workings both in Russia and abroad (Germany, China, Great Britain, etc.) [1-10].
Steel support is widely used at both coal and ore deposits that mine at great depths
[11-13], as well as at the deposits with soft host rock and ore (manganese ore mines,
emerald mines, etc.). There are some problems at mines related to mine working
protection in the stoping influence zone (on drilling horizons and when transporting
by scraper winches). Drive towards the increased mass of special profiles under
a significant scope of repair in mine workings supported by steel support, under these
conditions, will be the same as for sheet deposits.

“Specialized Guidance for the Use of Frame Support and Rock Bolts in Development
Workings of Coal and Shale Mines” noted that when installing any type of frame
support, set blocking is required.

Steel pliable support of arched profile is blocked by placing wooden wedges in the
gap between the arch and the rock contour. Blocking secures the arch in its design
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position, enables correct operation of flexible joints, and creates conditions for soil
passive resistance under the influence of active load in zones of maximum displacement
of cavity contour in the rock mass [1, 12, 14-16].

Body. When calculating the schemes of frame support and frame-anchor support
with blocking elements, efficient places for their installation should be carefully chosen.
The authors of scientific studies on frame support calculation state that the indicated
factor is key in optimizing the values of internal forces in the support itself [1, 17].
They also replaced the impact of blocking on the support frame with the impact of
a local force of a specified value, which is not always legitimate.

a b

Figure 1. The main methods of controlling the stress-strain state of the arch support:

a — frame-anchor support; b — set blocking; ¢ — anchor posts; d — metal ties of controlled stress
Pucynox 1. OcHOBHBIE CIIOCOOBI YIIPABICHUSI HANPSDKEHHO-IE()OPMUPOBAHHBIM COCTOSTHHEM
apOYHOI Kpemnu:

a — paMHO-aHKepHas Kpemb, b — pacKIMHKa KPENeXXHOH paMbl; ¢ — PACIOpPHBIE CTOHKH;
d — MeTa/uTHIecKas CTSDKKA PeTyIIHPYEMOTo HAMPSDKSHUS

Blocking elements and anchors in frame-anchor supports impact the arch from one
side along the entire contour of the support. And interreaction between blocking and
arch will occur only in zones where bending moments M, and M, crumple the support
towards the rock mass (Figure 1).

The structures of timber blocking elements have a sufficiently high ability to
resist deformation. It is therefore proposed to represent them as rigid connections in
analytic models (Figure 2, @), as in frame-anchor support analytical models (first stage).
The proposed analytical model greatly resembles the alternatives with the creation of
a preliminary stressed state of the arch, since the rock mass will first of all impact
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Figure 2. Analytical model of an arch support with a blocking, represented
by rigid connections — a; bending moment diagram, kN - m, under
symmetrical load (two blocking points ¢, = 20°, ¢, = 160°) — b; under
asymmetrical load (two points of the wedge ¢, = 25°, ¢, = 170°) - ¢;
T—moment of inertia in points 4 and B, N - m; V' — balance force in points
A4 and B, N - m; g, — vertical support load, N/m; g  — additional vertical
load on the support, N/m; g, — lateral support load, N/m; g, — additional
lateral support load, N/m
Pucynox 2. PacuerHas cxema apo4HOH Kpemu C PaCKIMHKOH,
IIPE/ICTABICHHOMN XXECTKUMH CBSI3SIMH — ; SITIOPBI M3rHOAI0IINX MOMEHTOB,
KH - M, Ip¥ CUMMETPUYHOH Harpyske (B TOUKH PacKIMHKH ¢, = 20°,
¢, = 160°) — b; Mpu aCUMMETPUIHON HArPy3Ke (IBE TOUKHM PACKIMHKH
¢, = 25%¢, = 170°) — ¢; T — momeHT uHepumuu B Toukax 4 u B, H - m;
V — ypaBHOBelmBarowas cuia, B Toukax 4 u B, H - M; g — BepTuxaibHas
Harpyska Ha kpenb, H/M; g — ononHuTeIbHas BepTUKAIbHAS HArPY3Ka Ha
kpenb, H/M; g, — GoxoBas Harpyska Ha kpernb, H/M; g, — nononHutenbHas
OoKOBast Harpy3ka Ha Kpenb, H/m
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the support through the blocking until the moment of rock stratification, which will form
a uniform load along the entire perimeter of the frame.

Figure 2, b, ¢ shows the analytical models of bending moment diagrams that occur in
the arch support where blockings (under symmetrical load at points ¢, = 20°, ¢, = 160°,
and under asymmetric load of @, = 25°, ¢, = 170°) are replaced by rigid connections.
The sizes of loads on the support are taken the same as in the calculation of the arched
support [1]. The dotted line in the figures indicates bending moment diagrams in
the arch support with no blocking element. Bending moment diagrams analysis revealed
that the use of rigid blockings will reduce the value of bending moments in the support
under symmetrical load by 3.4 times, and under asymmetric load by 4.4 times.

When using blocking elements [17] with high deformation properties (polymer
resins, low-modulus mortars) the blockings should be replaced with elastic connections
in analytical models of arch supports, with restrictions on the maximum response
(Figure 3, a).

With such analytical model, at the first stage, the arch support should be calculated
with the determination of the deformation value in the area of arch displacement in
the zones of blocking elements mounting. Then, response values in blockings should
be calculated and the place of the local forces on the diagram should be marked in the
selected arch perimeter. At the next stage, the deformation in the zone of the blocking
element is determined using the Mohr integral [18, 19]:

R /2

H—
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0 0
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where M, is the bending moment from the action of a single force applied at the
displacement determination point (the blocking point), kN - m; M, is the bending
moment in the main computational system, considering X, force (blocking), kN - m;
H is the height of the mine working, m; R is the arch radius, m; £ is the moment of inertia
of a component, kN - m; L is the width of the mine working, m; dy is the differential
along the y axis; d_is the differential from the degree of curvature of the mine working.

The amount of force in the blocking is calculated by the formula:

I)bloc = GAbloc’
where G is the rigidity of the blocking element, kN/m; A is deformation in the area
of the blocking element, m.

Since there are both rectilinear and curvilinear sections in the arch support,
the integration according to formula (1) is carried out over individual sections 4B, BC,
CD and DE (Figures 2 and 3).

Bending moment diagrams shown in Figure 3, b, ¢, are obtained by analyzing the
analytic models of the arch support, where the blocking elements are replaced by an
elastic connection with a limitation on the maximum response P, = 20 kN. It should
also be noted that under asymmetric loading, it is not advisable to place the blocking
in the right half of the arch, because the blocking is a unilateral constraint and will not
allow creating a response when interacting with the arch (under given support geometry
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Figure 3. Analytic model of an arch support with blocking,
represented by elastic connections — a, bending moment diagram
b —under symmetrical load (two blocking points ¢, =20°, ¢, = 160°);
¢ —under asymmetrical load (two blocking points ¢, = 24°, ¢, = 26°)
Pucynox 3. PacderHas cxema apo4yHOM Kpemu ¢ PacKIMHKOIA,
NPEACTABICHHOW YNPYTUMH CBS3SIMH — «@; SHIOPbI M3rHOAOMINX
MOMeHTOB, KH * M, IpM CHMMETpHYHOH Harpys3ke (IBe TOUKH
packnunku @, = 20°, @, = 160°) — b; npu aCUMMETPUYIHON HArpy3Ke
(1BE TOUKM pacKIMHKN @, = 24°, @, = 26°) — ¢

and external acting load). According to the scheme in Figure 3, ¢, two blockings are
installed at a small distance from each other (¢, = 24°, ¢, = 26°).

It has been determined that symmetrical load of blockings with a given force
(P,.. = 20 kN) increases support bearing capacity by 1.5 times (Figure 3, b), while
asymmetric load — by 2.3 times (Figure 3, ¢).

Summary. Frame-anchor supports and supports with blocking should be designed
as systems with additional unilateral constrains.

Frame-anchor support is calculated in two stages. At the first stage, in the analytic
model, anchor connection points are represented as rigid support connections that work
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only in tension. At the second stage, if the responses in the support connections exceed the
bearing capacity of the connection point, their action is replaced by local forces in
the analytic model.

Mine supports with blocking can be considered as arched supports with additional
unilateral rigid or elastic connections. Very rigid blockings, that can be considered as
additional connections, are more effective. With the given support design parameters,
the use of two rigid blocking elements increases the bearing capacity of the arched
support by 3.4—4.4 times.
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Pacuer apo4yHBIX Kpenel ¢ paCKJINHKOH

Bosixo M. H.!, IToranos B. 51.!, IToranos B. B.!
b b
! Ypasbeckuil rocynapcTBeHHEBI ropHelil yHuBepcuteT, ExarepunOypr, Poccus.
9 b

Pecpepam
Axmyansnocme. Ilosviwienue ycmouyusocmiu 20pHbIX (2OPUSOHMANLHBIX U  HAKIOHHDLIX)
B8bIPAOOMOK 18IAENCSL OOHOU U3 BAANCHEUULUX 3A0a NPU NOO3EMHOU PA3PAOOMKE MECTNOPOAHCOEHULL
nonesHwIx uckonaemoix. Ipu smom s¢hpexmusHocms npumereHus Kpenu 8 SHA4UmenbHol cmenenu
3a8UCUM OM YCI08ULL ee KOHMAKMUPOBAHUS ¢ eMeujarouumu nopooamu. B ceasu ¢ smum bonvuioe
BHUMAHUE NPU 8036€0eHUL MEMALTUYECKUX APOYHBIX Kpenell yOeraemcs packauHKe pam Kpenu u
3a6ymosKe 3aKpentozo npocmparcmea. [lpakmuxa nokasvieaem, 4mo packiuHKa umeemn eecbma
8adICHOE 3HaueHue OJid YCmoudusocmu Kpenu. B ciyuasx, koeda smomy 6onpocy He yoensemcs
O00IICHORO BHUMAHUSA, HASPY3KA OM CMEWAoWuxcs nopoo nepeodaemcs Ha CPeoHIol0 Hacmb
BEPXHAKA U BbI3BIBAET €20 NPO2UO ewje 00 6CMYNIeHUs Kpenu 8 pabomy 6 NOOAMIUBOM PeXcUume.
Ilenvio pabomwr sensAEMCA NOBbIULEHUE YCMOUYUBOCIU 2OPUSOHMANILHLIX U  HAKJIOHHBIX
BbIPAOOMOK 30 CHem YNpagieHUs HANPSICEHHO-0eDOPMUPOBAHHBIM COCIMOIHUEM PAMHBIX KPENell.
O0vekmom Uccne008anus AGIAIOMCA Memalluyeckue apounvle Kpenu 20pU3OHMANbHBIX U
HAKTIOHHBIX bIPADOMOK.
Ilpeomem uccnedoeanus — pacuem u KOHCMPYUPOBAHUE MemALIUYecKux apoyHblX Kpenet
€ YNpasiAouuUMy CUIO08bIMU B030€UCMBUAMU.
3aoaua uccnedosanusn: paspabomra Memooo8 paciema pamMHuIX Kpeneti ¢ npumenenuem Hauboee
PAYUOHATILHBIX 8UO08 YRPABIAIOWUX CUIOBBIX 8030eUCTBUIL.
Memoodwsl uccnedosanus. B padbome ucnonv3o8an KOMNIEKCHbIL MemoO UCCIe008aHUL,
BKIOUAIOWULL  HAYYHOe  0000WeHue  Meopemuyeckux U  IKCHePUMEHMATbHbIX — pabom
OmMeuecmeeHHbIX U 3apYOedCHBIX YUEHbLX, MeopemuyecKue UCC1e008aHUs C NPUMEHEHUEeM Memoo08
CMPOUMENbHOU MEXAHUKY, HAMYpHble HAOMI0O0EHUs U DIKCHePUMEHMbL, 00pabOmKy pe3yibmanos
€ UCNONL30BAHUEM MEMOO08 MAMEMATNUYECKOU CIAMUCIUK.
Pe3ynomamul. Pacuemamu ycmauosneno, 4mo npu CUMMEMPUUHOM NPUTLOHCEHUU HASPY3KU
npUMeHeHe PaAcKIUHOK ¢ 3a0annoil eenudunoi yeunus 20 kH nogviwaem necywyio cnocoonocmo
Kpenu 6 1,5 pasa, npu acummempuyrom npunodxcenuu Hazpysku — 6 2,3 pasa. Ilpusedennvie
OaHHble pacuemos no360aAI0M ONpeoelumb PayUoHAIbHble NAPaAMempbl Kpenu ¢ PACKIUHKOU 0/
VCMOUYUBOCMU NOOOEPHCAHUS 2OPHBIX bIPAOOMOK.

Knrouesvie cnosa: Kpénbv, nojie3Hoe uckonaemoe, amxep, sblpaéomm; waxma, 0e(popMa14uﬂ;
pacdemnas cxema, ycmoﬁqueocmb.
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