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ﬁ:;;{,;‘;m o DRIFTS DURING DEVELOPMENT OF
Mayun 0. STEEP SEAMS

06’ckmom docaidxcenn € npoyecu 3abesnedenis cmitkocmi 6iunux nopio y eiOKAMHUX WMPEKax npu popoouyi
BYZINbHUX NAACMIE KPYMO20 NaAdins. 31 30IAbUEHHAM 2AUOUHU 2APHUMUX POOIM 3ACMOCO8Y6alT CNOCOOU 0XOPOHU
OUIHUUHUX NI020MOBUUX BUPOOOK NOBUHNT 3a0e3neuysamu ix excniyamayiinuil Cman Ha UiMKOBUX OLIbHUUAX
ma 6ionosidamu 3MIHIOBANUM 2IDHUUO-2COJLOZIUHUM YMOBAM 6 MENCAX ULAXTNHO020 Nos. [lociioxcenis npossie
2iPHUY020 MUCKY 6 GIOKAMMHUX WMPEKAX N0 008HCUHT BUIMKOBOT JinvHuLi OYAU SUKOHANT 6 HAMYPHUX YMOBAX.
Ha cneuianvno 061a0nanux 6UMIpIo8AIbHUX CTMAHUIAX USHAYALACS BeIUMUNA SMIUeHIs OTUHUX NOPIO Ha KOHmYypi
nidzomoeuoi upobxu. Biokamounuil uumpex 0Xoponsecs HAKAMHUMU KOCPAMU 3 0ePes sinux wnai ado yiiukamu
gy2inns. B x00i docridxcenv 6yno 6cmano6ieno 6naus HopCmKoCmi OXOPOHHUX CNOpYo Ha CMIUKicmb 6OKOBUX
nopio y iokamounomy wmpexy. 3apikcosana MNIHHA 3ALeHCHICTND MIUEHD NOPIO NOKPIBLT MA HABAHMANCCHNL
Ha Kpinjaenns y eupooui no 008xcuni 6UiMK060i OLIbHUYL NPU 0XOPOHL BIOKAMHO20 WMPEKY ULIUKAMU 6Y2iLLs.
Oodnouacno 3 yum, npu amenueni Jcopcmrocmi yinuxie na 80 % nepemun 6i0KAMOUNOZ0 WMPEKY IMEHULYEMb-
ca na 50 % 6id nouamxoozo. Bidsnaueno, w0 suxopucmanns 0epes’sHux KOHCmpyKuii 01 0X0POHHUX cnopyo
00360.151€ 00MedNcUmU 3MiweHst NOpPio Ha Kowmypi 6iokamounozo wmpexy. B pesyrvmami 6zaemooii 6iunux nopio
3 0epes’ssnuMU 0XOPOHHUMU COPYOAMU, NPU 3HuNcenHi ix scopcmrocmi na 80 % , nepemur 6i0KamMoun020 wmpexy
smenuyemocs na 30—35 % 6id nouamxo6020. J[ocuioncenns noKa3amu, wo 3MEHUEHH HCOPCMKOCTE Oepesd ssHux
KOHCPYKYIU 6100Y6aeMbCs 3a PAXYHOK iX CMUCHEHHS, A UIIUKIG 8Y2inis — 6 pesyavmami pyiinyeanis. Ilomiueno,
W0 HauOIILUL CKAAOHT YMOBU NIOMPUMKU GLOKAMMHUX WMPEKIE (POPMYIOMBCS NPU 3ACTNOCYBANHI YLIUKIG 6Y2iLLs.
Pexomendyemocs 0ns 3abesnevenms Cmitkocmi OLbHUMHUX NI020MOBUUX 6UPOOOK 3ACTOCYBANHS NIOOAMIUCUX
0XOPOHHUX CNOPYO abo 3axiadku eupobienozo npocmopy. Ompumani pesyiomamu 00CHONCeHD MOICYMb Oymu
suKopucmani npu 6u6OPi cnocoby 0XopoHU GIOKAMHUX WMPEKi6 HA NIACMAX KPYMO20 NAOiHHI.
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1. Introduction

The problem of maintaining excavations in the deve-
lopment of steep coal seams is one of the main tasks of
increasing the technical and economic indicators of mining
in a coal mine. The unsatisfactory condition of the haulage
drifts in the excavation areas and the repair work carried
out in them adversely affect the excavation faces, worsen
the ventilation conditions and reduce the level of safety
during mining operations.

An analysis of the known methods of protecting haulage
drifts at a steep fall indicates their diversity [1, 2]. At the
same time, the experience of the mines shows that in the
practice of mining, they still prefer to use the traditional
way of protecting haulage drifts using the coal pillars. More-
over, the height of the pillars, limiting production from
the influence of the worked out space, is 8 m [3, 4]. It
should be noted that protective coal pillars of limited size
(up to 10 m) are capable of destruction and rash, which
contributes to the formation of voids above the drift and
deterioration of stability.
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With the floor method of preparing steep coal seams
in a coal-mass array, the layers are sequentially separated
from the overlying stratum. After this there is a displace-
ment, deformation and collapse of the side rocks. With an
increase in the angle of incidence of the strata under the
influence of the forces of its own weight, the stratified
rock slides down. This contributes to the manifestation
of various kinds of loads on the lining of the mine ex-
cavations, often provoking their blockages [5, 6]. In this
regard, given the layered structure of the carbonaceous
massif and the redistribution of stresses in it, the stability
of haulage drifts depends on the protection method.

In the traditional way of protecting haulage drifts
with coal pillars, reliable protection of mine excavations
from harmful manifestations of rock pressure is not pro-
vided [7, 8]. The reasons underlying the current situation
are primarily associated with an increase in the depth of
mining, the deterioration of geological conditions and the
intensification of manifestations of rock pressure. Ensur-
ing the stability of haulage drifts throughout their entire
service life is one of the conditions for guaranteeing high
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coal production rates. Therefore, for the safety of local
excavations in operational condition, an important role is
played by the protection method, as well as the proper-
ties and parameters of protection structures erected above
the haulage drift.

In this regard, the object of research is the processes of
ensuring the stability of lateral rocks in haulage drifts dur-
ing the development of steep coal seams. And the aim of
research is to justify the conditions for ensuring the stability
of haulage drifts during the development of steep seams.

2. Methods of research

A study of the manifestations of rock pressure on the
mine circuit and the conditions for maintaining it in the
influence zone of the sewage treatment along the length of
the excavation section was carried out using the example
of the haulage drift of the layer /3 of the horizon 1146 m
of the Central mine of Toretskugol state enterprise (To-
retsk, Ukraine).

Experiments to study the manifestations of rock pres-
sure on the loop of the haulage drift during the protection
by rolling bonfires made of wooden sleepers or coal pil-
lars were performed at measuring stations located in the
experimental section with a length of /=100 m (Fig. 1).

Fig. 1. The scheme of the experimental sections for determining the
displacements of the lateral rocks on the contour of the haulage drift and
changing its cross-sectional area: a — with the method of protection by
rolling bonfires from wooden sleepers; b — with the method of protecting
coal pillars; Ms — metering station; / — length of the experimental plot, m;
V4, V, — speed of drift and treatment operations (m/month); 1 — haulage
drift; 2 — rolling bonfires from wooden sleepers; 3 — coal pillars

At the metering station, the amount of displacement
of the lateral rocks on the preparatory excavation circuit
was determined using a special surveying roulette. To do
this, let’s fix the convergence of the benchmarks 1, 2 and 3
on the contour of the haulage drift, in the directions
characteristic of a steep fall. The measurement error was
+2 mm. The metering station diagram is shown in Fig. 2.

The full-scale experiment was carried out in the haulage
drift of the /3 Mazurka horizon of 1146 m. Production
was protected by rolling bonfires from wooden sleepers.

Then, after some time, due to technological and economic
considerations, the method of protection was changed to
coal pillars. The size of the coal £,=8 m; [,=5 m, where
hy, 1, — respectively, the height and length of the coal
pillar. The cross-sectional area of the drift is §=8.5 m?
the distance between the frames of the arched ductile
lining (AP-3) with a wooden puff of 0.8 m. The speed of
the preparatory excavation is V,=16 m/month, the speed
of treatment works is V;=10 m/month. The drift was car-
ried out using drilling and blasting operations (DBO). The
way to control the roof in the lava is a complete collapse.

Fig. 2. Scheme of measuring stations for:
a — determining the displacement of lateral rocks on the contour of the
haulage drift; & — measurements of the cross-sectional area of the mine
along the length of the excavation section: 1, 2, 3 — reference; 1-3; 1-2;
2-3 — rapprochement of references 1, 2 in the direction of reference 3;
H — excavation height, m; B — excavation width, m

The characteristics of the coal seam /3 and lateral rocks
are presented in Table 1.

Tahle 1
Characteristics of the coal seam /5 and lateral rocks
on the experimental site
Thick Incidence | Elastic Side rocks
mm angle o, | modulus ]
! degrees | E, N/m? Roof Soil
Clay shale up to Clay shale
_ o 1pto| m=4.0 m thick; sand up to
105-11 59 0.3510 shale, up to m=7.0m| m=150m
thick thick

To assess the conditions for maintaining the haul-
age drift for different protection methods, the <«express
method» was used when measuring the cross-sectional
area of the mine S (m?) along the length of the experi-
mental section at the measuring stations. In this case,
behind the excavation face, measurements were made of the
width B (m) and the height N (m) of the haulage drift.
The measurement scheme is presented in Fig. 2.

3. Research results and discussion

Fig. 3 shows the graphs of the displacements of the
lateral rocks U (mm) along the contour of the haulage
drift of the formation /3 along the length of the excavation
section / (m) for different protection methods.

As a result of the studies, it was found that the greatest
displacements of the rocks were recorded for references
1-3 and 2-3 (Fig. 3), which reflect the displacements of
the roof rocks along the length of the excavation section.
The movements of the roof rocks in the zone of influence
of the treatment works are characterized by layer-by-layer
bending with subsequent destruction and rash into the mine.
At a distance /=100 m behind the face, the displacements
of the rocks along references 1-3 were U; 3=390 mm
when protected by wooden structures (Fig. 3, a) and
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U;_3=520 mm when using coal pillars (Fig. 3, b). It is
noted that the most difficult conditions for maintaining
haulage drifts in the zone of influence of treatment works
are formed when using coal pillars.

ability and reliability of the manifestations of rock pressure

during various periods of operation of the haulage drift.
According to the recommendations set forth in [11, 12],

the stiffness ¢ (N/m) of the protection structure is de-

fined as:
0 10 20 30 40 50 60 70 80 90 I.m 0 10 20 30 40 50 6070 80 90 . m
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300 { ~{_ o091 2.3 where E — elasticity modulus, N/m?
400 =0.81 13 400 : S — cross-sectional area, m? Ak — change
500 ‘ 500 1.3 inthe height of the protection structure
600 600 as aresult of convergence of lateral rocks
U mm umm_| (let’s believe that Ah=Uj_3), m.

a

Fig. 3. The graphs of the displacements of the lateral rocks I/ (mm) on the contour of the haulage
drift of the formation /; along the length of the excavation section / (m): a — using the method of
protection by rolling bonfires from wooden sleepers; b — using the method of protecting coal pillars

In order to evaluate the conditions for maintaining the
haulage drifts in the excavation section, let’s record the change
in the cross-sectional area of the mine as the excavation
face advances, when the magnitude of the area losses was
determined. Thus, when protecting a mine with wooden
structures, the section of the haulage drift at a distance
[=100 m decreased by 32 % to §=5.8 m? (Fig. 4, dependence
1). When protecting the drift with coal pillars, its cross sec-
tion decreased to S=4.1 m? at a distance /=100 m behind
the excavation face, which amounted to a loss of 50 % of
the initial value (Fig. 4, dependence 2). After processing the
experimental data by the methods of mathematical statis-
tics [9, 10], it was found that the displacements of the roof
rocks U (mm) along the drift contour along the length / (m)
obey a linear relationship (#2=0.91) when protected by coal
pillars. When protected by wooden structures, the displace-
ments of the roof along the length of the excavation section
obey the exponential dependence (#*=0.81), Fig. 3.

S,

m2

8.0 =3~ 2-

D 1
6.0 N ||
40 T~
2.0
0 20 40 60 80 Im

Fig. 4. Graphs of changes in the cross-sectional area 5 (m?)
of the haulage drift of the formation 13 along the length of the excavation
section / (m): 1 — when protected by wooden rolling bonfires;
2 — coal pillars

Analysis of the study of the problem of the stability of
haulage drifts with different protection methods indicates
that the issues of stability of the used protection struc-
tures and excavations that support the treatment area in
the influence zone were considered separately. In order to
determine the patterns of manifestations of rock pressure
along the length of the preparatory excavations with different
methods of protection and to establish their influence on
the stability of drifts, the solution to the problem should be
considered comprehensively. The choice of effective methods
for protecting mine excavations is determined by the reli-

b

The load P (N) on the protection
structure located above the drift, and
therefore on the support of the mine, can
be determined from Hooke’s law [13, 14],
when:

Ah

where & — the height of the protection structure (equal to
the power of the coal seam), m.

Fig. 5 shows graphs of changes in the stiffness C (N/m)
of protection structures and the load P (N) on the sup-
port of the haulage drift for different protection methods
along the length of the excavation section / (m).

It has been established that as the excavation face moves,
when the length of the excavation section increases, the
stiffness of the protection structures decreases (Fig. 4, depen-
dence 1, 2). At the same time, the load on the lining in the
haulage drift increases (Fig. 4, dependence 3, 4). Meanwhile,
under conditions when the mine is protected by wooden struc-
tures, the load increases smoothly, to a value of P=6.8-10° N,
and then stabilizes. This is explained by the compression of
the protection structure to the maximum values Ak/h=0.32
(at a distance /=60 m), when the displacements of the side
rocks behind the lava are stabilized (Fig. 4, dependence 1).

When protecting the haulage drift by the coal pil-
lars, with intensive displacements of the roof, there comes
a moment of loss of the bearing capacity of the pillar.
The coal crushed in its entirety is poured out, the design
does not limit the displacement of the side rocks, which
contributes to an increase in the load on the lining. The
coal pillar becomes unsuitable for operation, i. e., unstable.
With a decrease in the stiffness of the pillar by 80 %,
the load on the support of the haulage drift increases by
4.2 times (Fig. 4, dependence 2).

Thus, in the influence zone of treatment work, deforma-
tions of roofing rocks reach values that exceed the structural
compliance of the roof support in the mine (U=390-520 mm).
In such conditions, in the absence of limitation of displace-
ments of the lateral rocks above the drift, it is practically
impossible to maintain its operational state. Therefore, when
developing steep coal seams at great depths, in order to
ensure the operational state of haulage drifts and reduce
coal losses in the excavation area, it is advisable to use
above-drift compliant supports or to lay open spaces to
protect mine excavations. The displacement of lateral rocks
on the contour and the load on the lining of the haulage
drift depend on the stiffness and compression during the
operation of such protection structures.
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Fig. 5. Graphs of changes in stiffness ¢ (N/m) of protection structures and the load P (N) on the support of the haulage drift along the length
of the excavation section / (m): a — when protected by wooden structures; b — when protected by coal pillars; 1 — ¢ (N/m); 2 — P (H)

4. Conclusions

1. The specifics of maintaining local preparatory excava-
tions in the zone of influence of treatment works is due to
increased disturbance of the roof rocks and deformations
of the roof support. It is established that the convergence
of lateral rocks on the contour of the haulage drift obeys
a linear relationship when protecting the development of coal
pillars and exponential when protecting wooden structures.

2. Maintaining the operational state of haulage drifts is
ensured under conditions when the above-drift protection
structures are stable during unloading of the coal-bearing
massif. Then, as a result of compression, they reflect the
ability to resist deformations of lateral rocks and limit their
displacements in the zone of influence of treatment works.

The obtained research results can be used to justify the
choice of a method for protecting local preparatory excava-
tions when developing steep coal seams at great depths.
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