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Theinteraction between face support and surrounding rock and itsrib
weakening mechanism in hard coal seam

Jing Xuan Yang', Chang You Liu*and Bin Yu?

This study was conducted in a closed system camgptise roof, near-wall coal, support, and flooratoal face in a hard coal seam,
aimed to find a way to overcome the difficulty ofting hard coal. Energy analysis was applied t@lsme the interaction between face
support and surrounding rock. Based on this, effectveakening of hard coal ribs was achieved byehivg the setting load of the face
support to an appropriate level. Expressions far #train energy stored in the support rock systaththe work done by external forces in
the system were derived from the deformation charitics of the system. Moreover, a stabilityemiin for the support rock system was
obtained according to the principle of minimum poi@ energy. It reveals the negative relationsbigtween the length of plastic and
the length of the elastic zone in the near-wadllcth addition, the relationship between the supporce and the length of the plastic zone
was obtained, it reveals through properly reducihg setting load of face support can enlarge tlest zone and the weakening degree of
hard coal ribs. The actual production at the caaté N0.8706 in a hard coal seam at Xinzhouyao Gbiaé, Datong mining area, showed
that a proper reduction in the setting load of faee support led to enhance rib weakening effecteases in shearer haulage speed and
coal output, mitigation of hard roof weighting, alwver support resistance.
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Introduction

Hard coal seams are widely distributed in Chinagemlly in some representative hard coal minirepsay
such as Yushen and Binchang mining areas in Shaoxince, Datong and Jincheng mining areas in Shan
Province. As the most characteristic one, Datongingiarea is famous for its “two-hard (i.e. hardfrand hard
coal) mining conditions. At the coal face No.87@6Xinzhouyao Coal Mine, Datong mining area, forrapée,
the production process is beset by a series oflgm) such as the difficulty of cutting the wakrisus wear
and tear on shearer picks, slow shearer haulags spelow-target output, and high supporting iritgredong
the mining roadway. These problems significantlypain the output and efficiency of the mine. Therefo
research is needed into the interaction betweea fampport and surrounding rock to provide a basis f
improving the roof support technique so that hawdl ¢ibs can be easily broken by rock pressurénénface
without adding auxiliary measures. Research on ghlgect is important to achieve efficient coal darction
under similar conditions.

Many studies have looked at the relationship betwee support and surrounding rock. For example,
(Qian M.G. et al., 1998)as investigated the coupling between face sumpuattsurrounding rock, which were
considered as an integrated system, based on bysiaraf the load on the face support. The resiitaved that
the support load depended on the overall mechapicgderties of the immediate roof, but had no datien
with the preset deformation of the main roof. VerrAaand Deb, D., 2013 focuses on the evaluatiosti@ita
behavior while the coal face is supported by hylitgpowered supports of different capacities. WaBdr.,
2014 considered face supported the core of minpastisystems and used a support rock coupling mimdel
analyze the modes of support rock coupling in teohstrength, rigidity, and stability. Then an appriate
working resistance of face support, the criticghsut force required to support the coal wall, andtability
control strategy for the support system were deteth Wang G.F. and Pang Y.H., 2015 found thasttifness
of support rock system affected the location ottinee in the main roof, and the magnitude and damadf
the force exerted by the main roof on the face sttppnd that proper supporting intensity can hretard roof
subsidence and rib fall. Cao S.G. et al., 11888 applied the voussoir beam theory to investitfe@eboundary
conditions and the displacement distribution of iealate roof as well as the relationship betweemstgdoad
and roof deflection (i.eP-Al curve) using, and found that the conventioRafN curve does not apply to
the immediate roof in thick seam mining. Zhang KeBal., 1999 divided the overlying strata of aldaee into
controllable strata and uncontrollable strata deah tsubdivided the controllable strata into streteding control
(i.e. immediate roof) and program-controllable tstréi.e. main roof). He believed that the contioléastrata
were the main object of rock pressure control wttike abutment pressure in the coal at the faceincaged
primarily by the movement of uncontrollable strdtau C.Y. et al., 1997 analyzed the deformation &aitire
characteristics of immediate roof in the supporkrgystem and put forward the concept of immediatd
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stiffness and a method for calculating it. The gtadgmonstrated that the support resistance didresitict
the final attitude of the main roof due to the uefhce of immediate roof. Some other geomechaniatelno
such as the detached block theory (Wilson A.H.,5)9the empirical method (Per®)S., 1987), the load cycle
analysis (Trueman R. et al., 2005 and 2009), anidws numerical models (Navid Hosseini et al., 208ihgh
G.S.P. and Singh U.K., 2009 and 2010), had also lbeseloped that aim to relate how a longwall suppo
interacts with the surrounding rock. However, thetadies analyzed the relationship between supgadt
surrounding rock in specific environments and th&ults provide important guidance for improvingdurction
rate of coal face. However, most of the previouglisis have focused on the vertical system congisiin
the roof, support, and floor, but neglected thermction between the lateral coal mass in the-wadirregion
and face support.

When a constant load is applied to the roof of al dace, the roof, near-wall coal, support, andiflo
constitute a closed system, and the face supppposts the roof in coordination with surroundingkaluring
mining. If the setting load is too high, the strésghe face cannot be easily transferred towandswall. As
a result, the plastic zone in the near-wall ceatls to be small, and the slightly deformed coadsia allowed
to maintain structural integrity. Besides, a higltiag load can prevent the roof strata from bnegkind caving
punctually and easily induce sudden roof collapsgjpe of rock burst in mines. If the setting lazdhe face
support is low, the stress in the face is allowebdd transferred to the wall, resulting in a rekliy large plastic
zone in the near-wall coal, and the coal mass temdiseak rapidly. However, rib spalling is likely occur in
this case. Moreover, a low setting load may caheentain roof to be activated too early, which itissibly
induce a rock pressure high enough to push downstipport. Therefore, further research is needed to
investigate the interaction between face suppadt nrounding rock during hard coal mining and daiee
an appropriate setting load for the purpose oftingsthe wall and roof control. It is expected thatd coal will
be effectively broken by rock pressure in the fadout adding auxiliary measures such as walltbigsand
hydraulic fracturing, thus streamlining the prodoctprocess and raising working efficiency. In tipaper,
therefore, energy analysis was applied to analigecbordination between the face support and suoding
rock during hard coal mining face and a mechaniatel of the support rock system at a coal face was
developed. The study reveals the pattern of suppoktinteraction and provides a reference forcgffit cutting
operation and determination of proper setting lobtthe support.

Occurrence of the studied hard coal seam and mining problems

In Xinzhouyao coal mine, Datong mining area, thaldace N0.8706 is situated in the coal seam otarr
at a depth of 304364 m, and it measures 726.8 m long along theestikd 142.5 m long along the dip.
The coal seam ranges from 2.9 to 7.7 m in thicknegh an average of 3.6 m, and dips between 1°4n@°
on average. The coal has a Protodyakonov coeffioie4.8, the uniaxial compressive strength of 24a, and
an elastic modulus of 12.4 GPa. With a complexcsine, the coal seam contains 6.0.2 m dirt band in
the upper part. Fig. 1 shows the layout of the tmeg.
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Fig. 1. The layout of the coal face No.8706.

The seam being mined at the coal face N0.8706 iseidiately overlain by the 0.35m thick false roof of
arenaceous shale, which is structurally unstabiegradually falls as the face advances. Above dlgefroof is
1.38m thick immediate roof composed of interbeddestium-grained sandstone and sandy mudstone. This
immediate roof has a high hardness and a Protodygakaoefficient of 8.3. The main roof overlying
the immediate roof is made up of arenaceous saldiae-to-medium-grained sandstone. It exhibitacttral
stability, a high hardness and a Protodyakonov fimiefit of 12.7. The floor of the face is composef
arenaceous shale and coarse-grained sandstomdjhtte a high hardness and a Protodyakonov coefficof
11.6. The stratigraphic column below (Fig. 2) sholmessequence of rocks on the face.
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Strata Thickness/kolum Lithological description

Composed of arenaceous shale and fine-to
10.26-:10.52 medium-grained sandstone. It exhibits structural

10.39 stability, a high hardness and a Protodyakonov
coefficient of 12.7.

Main roof

. 1.30-1.45 | ——=—— | Composed of interbedded medium-grained sandstone
Immediate roof = S i ; ;

1.38 ~ - - | and sandy mudstone with a high hardrfes8.3.

False roof 0.20-0.50 Composed of arenaceous shale, which is gradually
0.35 falls as the face advances

2.90-7.70 Uniaxial compressive strength of 26.8MPa, elastic
Coal seam '3 60. modulus of 12.4 GPa, with a complex structure,
) contains 0.10.2 m dirt band.
Floor 1.42-2.45 Composed of arenaceous shale and coarse-grained

1.93 sandstone, exhibits a high hardnes4.1.6. T

Fig. 2. Stratigraphic column of the face.

The coal face is supported by ZZ-8500-20/40 hydecashield support. The caving method is used in
combination with forced caving by blasting for ramdntrol. AMG300/700-WD shearer, which is capable o
creating openings independently, is used to cuigqobly into the coal from both ends of the facehds
a maximum web depth of 0.63 m and advances 0.5%mcuytting cycle, and its haulage speed is between
0~12 m/min. The face plans to produce 3085.6 tortoaf through 8 cutting cycles per day.

The mining operations at the Xinzhouyao Coal Mirsevéh demonstrated that the high coal hardness
(Protodyakonov coefficient 4.8) is the key limitifigctor on the advance rate and productivity ofl daee.
The mining problems caused by high coal hardnesdetailed below:

As the hard coal is difficult to cut from the fadhe shearer’'s haulage speed was relatively slath, an
average cutting rate of about 3.4 m/min, limitihg taily advance rate of the face. Consequentyptbduction
at the face failed to reach the target amount tomtance with the production plan. Moreover, thdl wa
the face remained structurally stable after thd bad been extracted from the face by the sheaseshown in
Fig. 3.

Due to the high coal hardness, shearer picks neadexg time to cut coal from the face. During ingf
the huge amount of heat generated by friction betwtbe picks and hard coal accelerated the weatesamncn
the picks and then substantially shortened theiice life, indirectly increasing the cost of pradion.
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Fig. 4. Reinforced forepoling for the mining roaaw
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As a stress-concentrated zone exists in the coakdo the wall, the near-wall coal mass tendsdres
relatively high strain energy. The superpositionnoihing-induced abutment pressure and lateral adotm
pressure on the road side can intensify the corat@n of stress and strain energy in the near-o@dl mass
along the mining roadway in front of the face, gmsing the risk of rock bursts. Therefore, DZ-4y@rhulic
props and HDJA-600 metal bars are used to reinfdredorepoling for the mining roadway (Fig. 4).eTboal
face was initially supported by a relatively higéndity of props, with a prop spacing of 0.5 m and kpacing
of 0.8 m. As the coal face progressed, workers eddd frequently disassemble, transport, and redsse
the props, resulting in high labor intensity.

To overcome the problems and cut the cost of haadl mining at the coal face No.8706, it is necessar
study the interaction between face support andending rock by modeling and analyzing the suppock
system at the face and then to put forward effectheasures to improve existing support technigassdon
the analysis.

M echanical analysis of the support rock system

At a coal face in a hard seam, the near-wall co&lard to cut, and the stable and hard roof neawll
tends to deflect downward under the uniform loaglied by overlying strata. The deflected roof amémwall
coal mass, in conjunction with face support andfliner, constitute a closed support rock systenthia paper,
a mechanical model was constructed for the suppoktsystem in a hard seam in Xinzhouyao Coal Niaged
on its mechanical characteristics (Fig. 5).
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Fig. 5. A mechanical model of the support rockesys

Because the support rock system advances veryysthwing mining, the kinetic energy conversion et
loss within the system are negligible. Since thetiment pressure in the coal mass inside the clegsigm is
a stress within the system that does not performkwa the system, there is no need to discuss dhgplex
distribution pattern of abutment pressure. Thenttt@ potential energy of the support rock systnthe face
can be expressed as:

Crz :fd +Ew+<rmt+£ms (1)

whered, is the total potential energy of the support regktem;y is the strain energy stored in the raogfijs
the work done by external forces on the system;&pdndé,s represent the strain energy stored in the elastic
zone and the plastic zone in the near-wall coaheetively.

As the face advances cyclically, the roof undergoesodic destabilization and caving, and the suppo
rock system changes slightly in structural morpgwldrherefore, the forces acting on the systentansidered
to be similar between different cycles. The appidra point of the support force provided by the [so is
supposed to be fixed in the system. Then the #taliliterion for the system under a preset loadigsived
according to the principle of minimum total potahtnergy:

&:O, afz =0 2
o, ol

wherel, is the length of the elastic zone in the coal lanslithe length of the plastic zone.

The analysis below was conducted to solve for theed strain energy in the roof and coal and thekwo
done by external forces on the system, in ordeabtain the specific form of stability criterion ftine support
rock system in a hard coal seam.
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Strain energy stored in the roof: Actual measurdmelemonstrate that roof deflection curve normally
follows an exponential function (Pan Y.S., 1999t U, denote the amount of roof subsidence above the wal
Then the formula describing the roof deflectionveucan be obtained as follows:

u(x):Lb(é’x—l) A3)
in which,

U, =

m =
ol L=1+l,

where u(x) denotes the amount of roof subsidenggs the roof displacement parametay, is the amount of
roof subsidence above the wall;is the roof deflection parametdr;is the distance from the wall position to
the origin; andk is the position coordinate.

Since the roof maintains structural integrity anghhhardness and exhibits slight deflection, tHuence
of shear stress within the roof strata is negletie@in. Then a coordinate system is establishadeimeutral
plane within the roof, as shown in Fig. 6.
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Fig. 6. The coordinate system within the roof.

According to the roof deflection curve (Eq. (3))dathe theories in mechanics of materials, the bendi
moment, stress, and strain at an arbitrary sedftidine roof obey the following relationships (LiuWd., 2006):

d’u, _ M M M
=—,0, =—VY, & =— 4
d¢ ElI % o 8y TN @

whereu; is the deflection of the rook;,; andy; are the horizontal and vertical coordinates in rthef; M is
the bending moment at the secti@nis the elastic modulus of the rodfis the moment of inertia of the section;
andg,; ande,, represent the stress and strain, respectivetiieagection.

Solving Egs. (3) and (4) simultaneously yieldsstress and strain at any section of the roof:

o, =Eua’e€™y, g, =ua’e™ y (5)

Given that the roof strata above seams in Xinzhougaal Mine are all sandy strata with structural
integrity and high hardness, it is reasonable sume that there exists a linear constitutive retatietween
the stress and strain at an arbitrary section efrtiof. In this case, the strain energy storechenrbof can be
calculated as follows:

3,213
=1l (%J"g’*jd‘dxzé edaf; @ af? yar =2 (1) @

whereL, is the length of the roof at the coal face; &nd the roof strata thickness.

As Eg. (6) Indicates, the strain energy stored he toof during subsiding depends only on its
physicomechanical properties and physical dimessidhis, combined with the stability criterion finle system
(Eq. 2) and the system’s total potential energy. (Bgdemonstrates that the strain energy storékeimoof has
no influence on the stability of the support rogktem.

Work done by external forces on the system: Sitee kinetic energy conversion and heat loss within
the system are negligible, the work done by exteioraes on the system is negative and completehverted
to potential energy of the system. It is clear tti@ main external forces acting on the systemuiel
the uniform load applied by the overlying stratag support force provided by the support, and tigpaert
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provided by the floor (Marcin Witek and Stanistawigek, 2016; Frith Russell C, 2015; G.S.P. Singh @rK.
Singh, 2010). The support provided by the floorgdwero work on the system. Then the work done lbgreal
forces on the system is given by:

EW = _.[OLl qU( X) dX_ PL( ))‘x:|1+|2+l3 (7)

whereP represents the support force by the face suppastthe uniform load by the overlying strata; dgid
the distance from the support point position todbal wall.
Substituting Eq. (3) into Eq. (7) and performingiategration gives:

3 =—{q(§ et —i— LiJ+ P gl -1}} Y ®

Egs. (1) and (2) indicate that the work of exteffoates affects the stability of the support rogktem. In
this case, the system'’s stability is constrainesbtme extent, primarily by the support force frdw props.

Strain energy stored in coal mass: As the facettealpng the dip is much greater than the seankibigs;
the coal mass is in a plane strain state at thBosealong the strike of the seam. Therefore, tkaxiz of
the rectangular coordinate system is determindoketparallel to the length of the face. Under corsgion by
the deflected roof, the interior of the coal massubjected to triaxial stress in three orthogdiralctions. Under
this condition, the stress and strain in the caadsrin the direction of z-axis are given by:

o, =,u(ax+ay), £,=0 9)

whereg,, oy, andg, are stress in the direction xfy, andz-axis, respectivelyy is the Poisson’s ratio of the coal
seam; and,is a strain in the direction afaxis.

Given that the coal mass at the face in the haadl ®®am is hard, strong and thus not easy to casipre
the volumetric strain in the coal mass is assurodiktzero, i.es+ g, + ¢,= 0. In this case, the Poisson’s ratio of
the coal seam is 0.5 (Wang R. et al., 2009). Therstress-strain relation of the coal seam carbkered from
Eq. (3) as follows:

(10)

wheree, ande, are the strain in the direction waindy-axis, respectively; anldis the thickness of the coal seam.

Fig. 7 illustrates the stress-strain curve typmfah coal mass subjected to triaxial stress (QiaG.Mt al.,
2015). At the No.8706 face in Xinzhouyao mine, tigar-wall coal is insufficiently unloaded due tgthicoal
hardness and thus still possesses relatively hagh-bearing capacity. Therefore, the stress-sttaime of
the hard coal seam can be approximated by a ailiredation.

0 T T/
1 1
Fig. 7. Bilinear approximative stress-strain cumvithe coal mass.

A linear constitutive relation (Dai J., 2013) i®thderived from the linear approximation depicteéig. 7:

<
e Ee  (e<&) a
o.-E,(e-¢.) (e=¢,)
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whereg is the stress in the coal masss the strain in coal mass; andE; are the elastic modulus and unloading
modulus of coal mass, respectivetyjs the ultimate strength of coal mass; apds the ultimate strain of coal
mass.

It is noteworthy that the near-wall coal is subgecto various degrees of damage under the joirdract
mining and abutment pressure, indicating that & lear-wall region, the unloading modulus is smatan
the elastic modulus, i.&; > E,.

Strain energy stored in the elastic zone: The ows in the interior of the face is under triasi@éss in
three orthogonal directions. The location of ineiiroof deflection is chosen as the origin of ditate axes, in
light of the linear elastic constitutive relatidrhe strain energy stored in the elastic zone atdia face is given
by:

. :_z J'J' (%aieijdxdy: E joy d)ﬁ1 2 d; (12)
i=x,y,z

whereg; ande; represent the stress and strain in each of tlee tilirections, respectively, ands a symbolic
variable,i = x, y, andz.

A rectangular coordinate system is establishetiencbal mass at the face (Fig. 5). The equatioemping
the deflection of the coal mass’ upper boundadetermined as follows:

y:h—Lb(é’X—l) (13)

Solving Egs. (12) and (13) simultaneously and perfog an integration gives the strain energy stared
the elastic zone:

&= 8 R ()R (0 -2[F()-F(0)] a9

in which,

A=t e 2@ nE()=ten- 2 e e,
2a a 3a 20 a

whereF;(X) andF,(X) are variadic functions, arfe(l;), F1(0), Fx(l,), andF,(0) are their function values under
boundary conditions.

As can be seen from Eq. (14), the strain energsedto the elastic zone at the coal face also bases
influence on the stability of the support rock syst in the case of a coal seam of a certain thakrthe amount
of elastic strain energy stored in the support m@tem primarily depends on the length of thetielasne.

Strain energy stored in the plastic zone: As tharmeall coal mass at the face is subject to snaddral
force, the compression force exerted by the bendinfjcan increase the plastic deformation of eral even
induce failure of near-wall coal. Studies have fbuhat rib fall at coal faces typically occurs metform of
shearing and sliding (Wang J.C., 2007; Yang P.al.eR012). Therefore, equivalent stress andrstieé used
here to describe the strain energy stored in thstiphlly deformed coal mass in the near-wall regim
the same rectangular coordinate system, the votigngtain in the plastic zone is also assumeddéro.
The equivalent stress and equivalent strain inptlastic zone (Wang R. et al., 2009) can be obtainech
the unloading constitutive relation (Eq. (11)) eldiws:

3
Ty :§‘Ux_ay‘ :\/éEzgy’ 2 =ZT\/§)£ (15)

y

whereay andey are the equivalent stress and equivalent stragmerctively, in the plastic zone.
As can be seen from Eq. (15), there is a lineatimriship between the equivalent stress and eduital
strain in the coal mass in the plastic zone. Theedtstrain energy in this zone is then given by:

& = _U [%ad‘sdj dxdy=2 Ezj'oy d : g% d (16)
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Substituting Egs. (10) and (13) into Eg. (16) sapdy and performing integration yields the stoséein
energy in the plastic zone:

fms:2E2u_£{Fl(|2)_F1(|l)_%[F2(l 2)_F2(| J):|} 17)

whereF(l,), Fx(l,), andFy(l,) are function values under boundary conditions.

Eq. (17) suggests that the stability of the suppmek system is also affected by the strain enstgsed in
the plastic zone. In the case of a coal seam @fri@in thickness, the amount of plastic strain gynetored in
the support rock system depends on the lengthstbfthe plastic and elastic zones.

Substituting the expressions for the strain enamyy work done by external forces (Egs. (6), (83),(and
(17)) into Eq. (2) separately yields the stabititjterion for the support rock system at the fand the support
force, given by:

2u —a(lH 4 U
+1,P=1 2 Ee (12 ){ t((L)-= fz(lz)} (18)

f(x)=(e" -1 f,(x)=(e"-1)", 1=E/E,

wheref(x) andf,(x) are derivatives of the two variadic functidrgx) andFx(x); fi(l1), fi(l,), f2(l4), andfy(l,) are
values of the derivatives under boundary conditionss the ratio of the elastic modulus to the unlogdi
modulus.

The stability criterion for the support rock syst€Eqg. (18)) reveals not only the negative relatiops
between the lengths of the plastic and elastic Zanghe system under a set load, but also theioethip
between support force and the length of the plagtice in near-wall coal, which can provide a bders
improving existing rib weakening technique for haohl mines and determining appropriate setting lofsface
support.

As can be seen from Eq. (18), the coordination betwthe coal mass in the elastic and plastic zands
the support force determines the stability of thpport rock system. Under conditions of a givenfroad,
changing the magnitude of support force will resuilthe redistribution of the plastic and elastimeas in near-
wall coal. It was found that a proper reductionthie setting load of the face support can expandptastic
region in coal and thereby intensify the breakafgeaod coal ribs.

According to the analysis above, accurate estimatb roof deflection parametex by inversion is
a precondition for obtaining an accurate expresdimr roof deflection. As the location of incipienvof
deflection is not readily known, it is impossibtelocate the coordinate system origin in the supgmmk system.
This renders estimation of roof deflection paramétean absolute coordinate system difficult. lewiof this,
difference operation was performed on the coordmaf adjacent points on the roof deflection cuinstead of
calculating the derivative of roof deflection, teby overcoming the difficulty of determining thesahite
coordinates of the system. The difference formalatiie derivative of roof deflection is obtainedngsEqg. (3)
as follows:

du
dx

—1 = qu ™ (19)

wherex, Uy, X, andu; are the coordinates of adjacent points on the defiéction curve.
Arbitrarily choose three adjacent points on thef meflection curve and randomly select one of thesm
the reference point, represented ky (;), as shown in Fig. 8.

Fig. 8. The linear approximation of the tangentlito the roof deflection curve.
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By performing difference operation on the coordasatof the three points to be measured, then
an expression for deflection parametexhich uses relative coordinates was derived fram([E9):

a=In

-

wherex, andu, denote coordinates of the reference point ondbédeflection curve.

Based on the technical conditions of the coal fa®8706 in Xinzhouyao Coal Mine, the roof's
displacement relative to the end face of scrapeveyor rail was measured during a maintenance, shiftiding
the influence of mining. The position of the walrged as the reference point, where the relativa ro
displacement was measured at 34 mm. The averadealigptacement above the front ends of the meted,ba
which were at a horizontal distance of 0.4 m frdra tvall, was measured at about 36 mm. The aveafe r
displacement above the front props, which weren2horizontally from the wall, was measured at at&dutnm.
Plugging these values into Eq. (20) gives the deffection parameten = 0.11. The roof deflection curve at
this face was then obtained (Fig. 9).
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Fig. 9. The roof deflection curve and actual meaments.

As Fig. 9 shows, there is a relatively high coriela between the theoretical and measured valuesadf
deflection at the studied coal face, with the exicepof deviations occurring in positions far frahe face. This
is because during the deflection parameter inversibe large distances between the points of déflec
measurement were bound to cause an error in tfexefite operation used instead of derivation.|lb¥es that
the points of roof deflection measurement should$elose as possible in actual measurement aadsion.

An analysis of the measurement results indicataisttie mining-induced abutment pressure in the feaal
No0.8706 has a 20 m long scope of influence andotiiet of application of the support force is neadl$ m
from the wall. Therefore, the origin of the coomli& system in the coal was chosen to be at a poimt from
the wall. The relationship of the length of thestika zonel; to the length of the plastic zohefor variousy
before and after unloading was obtained using itisé formula in Eq. (18) (Fig. 10). The red, blaend blue
lines in the figure below denote the relationshigiween the length of the two zones when 3, 5, and 10,
respectively.

The length of elastic zone /m

The length of plastic zone /m

Fig. 10. | versus before and after unloading.
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The total length of the elastic and plastic zomethé near-wall region, denoted by the green Ingig. 10,
is constant at 20 m. The points at which the gleenintersects with the red, black, and blue linegresent
the lengths of the two zones for the correspondingor example, when = 3, the length of the elastic zone
about 11.3 m, and the plastic zone is 8.7 m loriggerwy = 10, the elastic and plastic zones are 8.2 mlamgim
long, respectively. This indicates that battand |, increase as the modulus of coal mass in the plastie
decreases.

Similarly, the variations in the support force pomd by the face support for different modulus oélc
mass in the plastic zone were derived using thergbformula in Eq. (18) (Fig. 11). The red, blaakd blue
lines in the figure below illustrate the relatioipshetween the length of the plastic zone and tippart force
when the modulus of coal mass in the plastic zerte@ GPa, 3.4 GPa, and 1.3 GPa, respectively.

S

12

The length of plastic zone /m

0 1
0 2500 5000 7500 10000
The face support force /kN

Fig. 11. The length of the plastic zone versupstorce.

Fig. 11 demonstrates that as the plastic zoneeaméar-wall coal grows longer, the excess roof lipach
overlying strata tends to be transferred to thee faapport. For a particular support force, the kmal
the modulus of coal mass in the plastic zone, dhgdr the plastic zone will be. Since the modulusear-wall
coal mass is associated with its structural damage degree of breakage, an appropriate reduction in
the support force in actual mining production cagpasd the plastic zone in near-wall coal, then daep
the breakage of near-wall coal and decrease thello®adf coal in the plastic zone, helping achievftes coal
at a coal face. Therefore, this method can be usddcilitate cutting of hard coal and provide asibafor
determination of appropriate setting load of fageport.

At the coal face N0.8706 in Xinzhouyao Coal Mirtee hydraulic props should begin to advance undst lo
in sequence when the props are&m behind the shearer. In order to increase ttatflgy by providing timely
support to the newly exposed roof and retardindyearbsidence of hard roof, to enable the supporeach
a constant-resistance state as soon as possitiletoaprevent violent strata behaviors caused hgnsie
collapse of hard and thick main roof (10.4 m thark average), the support’s setting load was ihjtisét at
7755 kN, approximately 91.2% of its rated workingsistance. However, the low shearer haulage speed
(3.4 m/min on average) and below-target outpuhefface in actual mining production prove thaightsetting
load is unfavorable for the shearer to cut coatieffitly.

The theoretical analysis presented above sugdestptoperly lowering the setting load of face suppan
reduce coal strength and hardness by intensifiieghbreakage of near-wall coal and thus facilitaist foal
cutting. Therefore, the setting load was later Iegeto 6400 kN, or 75.3% of the rated working resise of
the support, based on the results of related refsewith this lower setting load, a better rib weaing effect
was achieved, as shown in Fig. 12, and the shbardage speed was significantly increased to 5rdimén
average, ensuring high productivity of the face.

Fig. 12. Status of the wall after a reductiontie setting load.
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Fig. 13. Status of the mining roadway after a i&thn in the setting load.

After the setting load of the face support was Iede the density of props along the mining roadivay
front of the face was reduced correspondingly, with prop spacing set at 0.8 m and line spacintGtm
(Fig. 13). This not only ensured the stability rdfs along the mining roadway, but also substdmgtieut
the labor intensity.

By lowering the setting load while ensuring safedurction, part of the strain energy stored in ief in
an initial deformation state can be released pigelg, and then the intensity of roof weightinghdae lessened.
Moreover, as the coordination between the near-eaal and face support in the support rock systexs fally
utilized to support the roof, the working resistaraf the face support exhibited a decline aftersthiging load
was lowered, as shown in Fig. 14.

40
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@ 30
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3 20
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= 10 of the setting load
P ——Afterthe reduction of
E the setting load

0 1 L L 1 L
1 101 201 301 401 501 601

Frequency of data acquisition

Fig. 14. Support resistance before and after aintidn in the setting load.

According to the analysis above, the proactive smpments to the hydraulic support technique, inolyd
a reduction in the setting load of the face supgwmte brought about an increase in the efficiesfcyard coal
cutting without auxiliary rib weakening measurestigation of roof weighting, and lower support 1Esince
during the actual production at the coal face NO&ih Xinzhouyao Coal Mine. This raises the prodst of
the face and provides significant social and ecaadrnefits.

Conclusions

At a face in a hard coal seam, the roof, near-a@éll, support, and floor constitute a closed suppmk
system. By means of mechanical modeling and arglifg¢ stability criterion for this system was oiéa, and
the coordination between the near-wall coal ané fgport in supporting the roof was revealed.ds found
that a proper reduction in the support’s settingdlavill enable the near-wall coal to play a prozetiole in
supporting the roof.

The study also uncovered a negative relationshiyd®n the length of plastic and the length of tlaste
zone in the near-wall coal and the rib weakeninghaaism of the proactive measure of lowering thapeut’s
setting load. The analysis shows that properly tothe support’s setting load can enlarge the mastine in
hard coal and intensify the breakage of near-wal,chus facilitating the weakening of hard ribs.

The actual production at the coal face No.8706 imzouyao Coal Mine demonstrates that a reduction i
the support’s setting load from 7755 kN to 6400l&l to enhanced rib weakening effect, an increashéarer
haulage speed and coal output, and a reductioherintensity of roof weighting and support resiseanAs
a result, the face is able to produce more artdrfasid thus provide greater social and econonmiefis.
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