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Abstract
Introduction. The paper analyzes contemporary methods of frame support design in permanent
workings and reveals that contact grouting has received little attention. Contact grouting makes the
tight contact between the hardened cement grout and the surrounding rock possible, whereas it is
impossible when applying concrete lagging. The paper employs analytical method of arch support,
grouting layer, and the surrounding rock calculation considering their softening. Analytical formulae
determining support load has been obtained. The formulae take into account strain and strength
characteristics of the surrounding rock, hardened cement grout, and support. Support load was
calculated under various values of the grouting layer thickness and linear strain modulus and the depth
of mining. The dependencies between the support load and the indicated parameters have been obtained,
which makes it possible to select the cement grout composition for various mining and geological
conditions.
Research objective is to determine the effect produced by grouting layer thickness and strain
characteristics on arch support load value in order to check its strength in various mining and geological
conditions.
Methods of research are built upon the physically based analytical methods of geomechanics to solve
the problem of interaction between the support, grouting layer, and surrounding rock mass.
Results. The results of arched support load calculation are presented for various values of grouting
layer thickness, its strain characteristics, and depth of mining.
Conclusions. The presence of the grouting layer in the void behind the support has a significant effect
on the methods of arch support design. The developed methods take account of the fact that a layer of
soft rock develops in the rock mass between the grouting layer and undisturbed rock. When the rock is
being broken, its volume in this layer increases, which, in its turn, results in support load transfer
growth through the grouting layer. It has been determined that the increase in the hardened cement grout
strain and grouting layer thickness reduces support load.

Keywords: arch support; grouting layer; support load.

Introduction. The most common type of mine support in Russian coal industry is
steel ribs and reinforced concrete lagging whose main drawback is that it is impossible to
provide tight contact between the support and the surrounding rock mass. So, the void
behind the support requires filling to provide contact with the surrounding rock. If the
void is not tightly filled, rock shifts, and support load therefore increases.

One way to ensure the tight contact between the support and the surrounding rock
mass is contact grouting. The interaction between the arch support and the rock mass after
contact grouting was fulfilled has received little attention and requires additional
studies [1].

Currently, there is no method of calculating the parameters of a frame support with a
grouting layer. The existing method of support design takes account only backfilling of
the void behind the support.
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In accordance with the Code SP91.13330.2012 “Underground mine workings”, shifts
compensated for by backfill compression depend on the material compressibility, backfill
layer thickness, and design load on support, and are determined by experiment. For the
backfill made of crushed rock with no experimental data, the shifts may be taken to be
equal to 25% of the backfill layer thickness.

So, the normative method of frame arches design is based on applying a considerable
number of correction factors, nomograms, and experimental data for particular mining
and geological and mine technical conditions. It does not take full account of the grouting
layer presence.

The scientists from the Tula school of geomechanics, namely, N. S. Bulychev,
N. N. Fotieva, A. S. Sammal, S. V. Antsiferov, P. V. Deev, K. A. Golovin and others, have
contributed heavily to the solution to the problem of support structures design for
permanent mine workings [2—7].

The existing methods of the stress-strain state (SSS) design for various shells of mine
workings in the rock mass are aimed at designing multilayered support structures in
tunnels, subway, main crosscuts, and shafts with a heavy layer of concrete which prevents
from rock destruction in the vicinity of these mine workings.

When mining in shafts, it is inadvisable to apply such layer of cement. For that reason,
under certain mining and geological and mine-technical conditions of mining, the rock
mass breaks, and a layer of soft rock develops between the grouting layer and the
undisturbed rock mass. However, the development of a soft rock layer is neglected in the
existing methods of SSS calculation. The variety of conditions requiring underground
excavations support determines further study on the effect produced by different factors
on the value of support load [8—13].

Research objective is to determine the effect produced by the thickness of the grouting
layer and its strain characteristics on the arch support load value in order to check its
strength in various mining and geological conditions.

Methods of research. Papers [14, 15] considered a solution to the problem of stress-
strain state design for the arch support—grouting layer—rock mass system. It was taken
into account that the zone of partial destruction is developed in the rock mass between the
grouting layer and the undisturbed rock mass. This zone has a considerable effect of
support load. When the rock is being broken, its volume in this layer increases, which, in
its turn, results in support load transfer growth through the grouting layer.

When making calculation, the arched support is modeled by circular support like in
paper [2], for instance. Such approach makes it possible to apply the analytical method of
calculation and allows defining the arched support stress state well enough.

General pattern of calculation is presented in Figure 1, where P is pressure in
undisturbed rock mass, MPa; R, is the radius of the partially destroyed rock, m; 4, is the
width of the partially destroyed rock, m.

Calculation is carried out for a circular mine working with R radius, m. With the
known value of the mine working cross-sectional area S, m? the reduced radius
R =+/S / m,m, is calculated. Computational domain consists of four blocks.

Block 1 — support with strain and strength characteristics: £, is the modulus of
deformation; v, is the Poisson ratio; o, is the tensile strength of the material the support is
made of (steel), MPa.

Block 2 — hardened cement grout with strain and strength characteristics: £, is the
modulus of deformation; v, is the Poisson ratio; 6, is the compressive strength of hardened
cement grout, MPa.

Block 3 — the zone of partially destroyed rock (behind limit deformation) where
circumferential and radial stresses are proportional.
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Block 4 — the zone of the surrounding rock in elastic state with strain and strength
characteristics: £ is the modulus of deformation; v is the Poisson ratio; O compr is the
compressive strength, MPa.

Zone edges remain continuous, so when transferring through the zone edges, radial
shifts and stresses must be continuous, which determines the interaction between
the blocks.

Tt T

Figure 1. Calculation scheme:
1 — support; 2 — grouting layer; 3 — partially broken rock;
4 — surrounding rock
Pucynok 1. Pacuernas cxema:
1 — kpenb; 2 — TAMIIOHAXKHBIN CIIOH; 3 — YaCTUYHO Pa3pyllCHHbIC
TOPOJbI; 4 — BMEIIAIOIHE TOPOBI

The calculation method was presented in paper [3]. The mine working is considered
at a depth of H, m. The mine working is beyond the zone of high rock pressure (HRP),
initial rock pressure p = yH = 0.025H, MPa.

The AKP support (arch ring yielding support) with SVP-17...33 profile (purpose-built
interchangeable profile) with the equivalent height of 4, m, the value of which is selected
from [1]. Support strain modulus is £, = (2...4) - 103 MPa.

Modulus of deformation £, Poisson ratio v, compressive strength O compr? and structure
weakening ratio & for rock are set for particular mining and geological conditions.

Grouting layer is built up using cement with carbon filler with the modulus of
deformation E, corresponding to coal. The grouting layer thickness is 4, m.

The radius of the mine working and the supportis R, = R + 4, m.

The radius of the mine working and the grouting layeris R, = R, + h, m.

Parameters determining the support load are calculated in a sequential order:

1) c= I-v is the coefficient determining the value of maximum circumferential
stress; v
2¢P + k /(A+v) . . . . ..
2) k= ¢ Ocompr / ( ) is the dimensionless ratio, determining the

2P = kG popmpe /(1 + V)
distribution of stresses in the zone of disturbed rock;
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2¢P + ko /(1+v)

3) o, = - °°m‘1r is the maximum circumferential stress of the
c+

surrounding rock, MPa;

2 2 2 2
4) B — l . EtR(Rt 2R1 ) + Rt +2R1 + v,
2 E. R R,

R’ - R’
L } is the factor of proportionality
Rt

between the support load and grouting layer load;

B (R? + RY) — 2BR?
th - R12

Support load is defined by the formula

S5)a= —v,B? is the coefficient determining the support load.

_ou | BB, [[EBY 4E
2 | Ea Eo ) Eka |

Results. With the help of the developed methods, the support load has been calculated
for the situation with the presence of the grouting layer. Calculation has been carried out
under the following geometry, strain, and strength parameters:

—mine depth # = 100...300 m;

— support width 4, = 0.145 m (SVP-22, SVP-27);

— grouting layer thickness #,= 0.1; 0.5 m;

—modulus of rock linear strain E = 10* MPa;

— modulus of support linear strain £, =2 - 10> MPa;

— modulus of grouting layer linear strain £, = 10°...10* MPa;

—rock Poisson ratio v=0.25;

— support Poisson ratio v, = 0.2;

— grouting layer Poisson ratio v, = 0.25;

— cross sectional area of the mine working §'=25 m?.

Calculation results are presented in Table 1.

Table 1. Load on support ¢, MPa
Ta6uuna 1. JaBienue Ha kpens ¢, MIla

E, MPa
H, m h;, m
103 5-10° 10*

100 0.1 0.0766 0.0661 0.0611

0.5 0.0753 0.0648 0.0622
200 0.1 0.3476 0.2619 0.2175

0.5 0.2994 0.1940 0.1614
300 0.1 0.5700 0.4256 0.3507

0.5 0.4867 0.3080 0.2522

Figure 2 depicts the effect produced by the modulus of grouting layer linear strain £,
on the support load ¢ under various depth of mine working H and width of the grouting
layer h,. According to the reference book [16], the modulus of linear strain of coal is
within (2...8) - 10° MPa. Blue markers show change in the support load at a depth of
100 m, yellow — 200 m, and red — 300 m.

Under H = 100 m depth of the mine working, the modulus of linear strain £, and the
width of the grouting layer have no marked impact on the value of the support load ¢.
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Increase in the depth of mining results in higher support load. However, under same
depth H, increased modulus of linear strain £, and increased width of the grouting layer
h,reduce the support load.

So, under H = 300 m, increased modulus of linear strain £, reduces the support load
from 0.4867 to 0.2522 MPa, i.e. by 48%. Under H = 200 m, increased width of the
grouting layer 4, reduces the support load from 0.2619 to 0.1940 MPa, i.e. by 26%.
While under H =300 m, increased width of the grouting layer ht reduces the support load
by 28 %.

g, MPa

¢ H=100m;h=0.1m
=—O0—H=100m; #,=0.5m
== =200m; #,=0.1 m
—=X=H=200m; #,=0.5m
—X¥—H=300m; /2,=0.1m

—0—H=300m; #,=0.5m

0.05 1 m 1 D
1000 4000 7000 10000 E,, MPa
Figure 2. Influence of the grouting layer linear strain modulus £, on the support load g
at various depths /7 of mining and the widths %, of the grouting layer
Pucynox 2. BnusHue Momyns IMHEHHOH neopMmaluy TaMIIOHaXHOrO cios E, Ha

JIABJICHUE Ha KPEIMb ¢ MPH Pa3HOU MIyOWHE PACHONIOKECHUS BBIPAOOTKU H W IUpUHE
TaMIIOHAKHOTO CIIos 1,

Conclusions. The presence of the grouting layer in the void behind the support has a
significant effect on the method of arch support design. To carry out an adequate
mathematical simulation of the interaction within the support-grouting layer-rock mass
system, the formulation of the problem of a circular mine support design is considered.

The developed method takes account of the fact that a layer of soft rock develops in
the rock mass between the grouting layer and undisturbed rock. When the rock is being
broken, the volume of rock in this layer increases, which, in its turn, results in support
load transfer growth through the grouting layer.

Increase in the depth of mining results in the increased support load. However, under
same depth H, m, the increased modulus of linear strain £, and increased thickness of the
grouting layer 4, m, reduce the support load.

When mining at a depth of 100...300 m with the cross section of 25 m?, the increase
in the modulus of hardened cement grout linear strain from 103 to 10* MPa reduces the
support load by up to 48%. Under grouting layer width increase from 0.1 to 0.5 m, support
load reduces by up to 28%.
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BinsiHue mapaMeTpoB TAMIOHAKA 3aKPEMHOT0 MPOCTPAHCTBA
Ha /IaBJIeHHe HA Kpenb

JInckosen A. C.!, Tanmenxo B. I1.!, Foroaun B. A.!
! Ky36acckuii rocyaapcTBeHHbIH TexHIeckuii yauBepcutet umenn T. @. Topbauesa, Kemeposo, Poccust.

Peghepam
Beeoenue. B pabome ananusupylomcs coepementvle Memoosbl pacyema pamMHblX Kpeneti KanumanbHbix
svipabomok. ITlokazana HeOOCMAMOYHAs, U3YYEHHOCHb 3MO020 60RPOCA NPU HATUYUU MAMNOHANCA
3akpenno2o npocmpancmea. Hanuuue mamnonasica 3axpenno2o npocmpancmea no3eonaem oCyuecmeums
NOJHBLEL KOHMAKN MAMAOHANCHO20 KAMHS C 8MEWAUUMU NOPOOAMU, YMO He YOaemcs coenans npu
npumeneHuy GemoHHbIX 3amadcek. B pabome ucnonvzyemcs ananumuyeckuii Memoo pacuema apoyHol
Kpenu, MAamMNnoOHANCHO20 CHOSL U 6MeWarowux nopoo ¢ Yuemom ux paszynpounenus. Ilonyuenvl
ananumuyeckue opmynvl, onpedeniiowue oasneHue Ha Kpeno, KOmopble y4umuléarom 0epopmayuontbvle
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U NPOYHOCMHbBLE XAPAKMEPUCTNUKU BMEUAIOWUX NOPOO, MAMNOHAICHO20 Kamus u kpenu. IIposedenvl
pacuemvl 0asieHuss HaA Kpenb Npu pPA3HbIX 3HAYEHUAX MONUUHBI MAMNOHANCHOZO0 CIOSl, €20 MOOVIA
JIUHelHbIX Oeghopmayuii u 2nyouHbl nposedenus gvipabomiu. [lonyuensvl 3agucumocmu 0asieHus Ha Kpens
OM IMUX NAPAMEMpPOs, YMo NO3605en 6bIOUPAMb COCINAB MAMNOHAHCHO20 KAMHA 0I5l PA3TUYHBIX 20PHO-
2€01102UHeCcKUX YCI08UIL.

ILenv uccnedosanusn — ycmanosums GAusHUES MONUWUHBL MAMROHAHCHO20 CILOSL U €20 0ePOpMAYUOHHBIX
XAPAKMepUCmuK Ha 6elUUHY OABNIeHUs HA APOYHYI0 KPenb O/l NPOGEPKU ee NPOYHOCMU 8 PAZIUUHbIX
20PHO-2€01102UHECKUX YCIOBUAX NPOBEOEHUS bIPAOOMKU.

Memooonozcun uccnedosanuii ocnogana Ha NPUMeHeHUU @u3uuecku 0OOCHOBAHHBIX AHATUMUYECKUX
Memo006 2eoMeXaHuKu Ol peuterus: 3a0adu 0 63auMo0eticmeun Kpenu, MamnoHaXCHO20 ClI0A U MACCUBA
Meuarwux nopoo.

Pesynemamui. [Ipusedenvi pesyniomamol paciemos 0asieHus Ha apouHylo Kpenb npu paAsHbIX 3HAYEHUAX
MONUWYUHBL  MAMROHAICHO20 C0sI, €20 O0ehOPMAYUOHHBIX XAPAKMEPUCTIUK U 2TYOUHbL NPO6EOeHUs
sbipabomxiu.

Buv160o0bl. Hanuuue mamnonajx)cHozo ciosi 8 3aKpenHom HpOCMPAHCHIGE OKA3bIBAem CYujecmeeHHoe
BIUAHUE HA MEMOOUKY paciema apounoll kpenu. Paspabomannas memoouxa yyumeieaem, umo 6 maccuge
2OPHbIX NOPOO 603HUKAEM CLOU PAZYAPOUHEHHBIX NOPOO MENCOY MAMNOHAICHBIM CIOEM U HEPA3PYULEHHbIM
Maccugom 2opHwix nopoo. Ilpu paspyuienuu 2opHbIX HOPOO 8 JMOM ClL0e NPOUCXOOUM Y8enuyerue 0ovema
NOPOOblL, UMO, 8 CE0I0 OUepedd, NPUBOOUM K YEETUHEHUIO OABNIEHUS HA KPENb Yepe3 MAMNOHANCHII CIIOT.
Yemanoeneno, umo ysenuuenue mooyis auneiiHol Oeopmayuu MAMROHAHCHO2O KAMHA U MONUUHBL
MAMNOHAICHO20 CILOSL YMEHbULAem Od6TIeHUe Ha KPenb.

Knioueevie cnosa: apounasn Kpensb;, mamnoHadCHwlll CNOU, 0asleHue Ha Kpenb.
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