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ABSTRACT

Purpose. To define peculiarities related to the formation of the dynamic and stationary half-troughs under the influ-
ence of anthracite seam extraction by adjacent faces.

Methods. To establish the parameters of the surface displacement during the consecutive extraction of adjacent faces.
Analysis of experimental data.

Findings. The effect of rocks displacement activation on the formation of the dynamic half-trough on the surface is
established.

Originality. It is established that the length of the stationary half-troughs is almost functionally related to the total
width of the goaf. The correlations between the stationary half-trough parameters and the degree of stoping develop-
ment are determined.

Practical implications. The obtained results contribute to the improvement of measures for the rational protection of

objects on the surface.
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1. INTRODUCTION

The phenomenon of tapped rocks displacement acti-
vation was first described more than forty years ago by
A.G. Akimov. He found that the nature of the displace-
ment process, its parameters and deformations in the
surface trough substantially change during the develop-
ment of a multi-face seam compared to the displacement
manifestations in processing of the isolated face. These
changes are referred to as the general concept of the dis-
placement activation. In developing several faces on the
same seam, the surface displacement from several faces is
composed of the displacements caused by the influence of
separate stopes, with additional surface displacement
above the boundaries of the adjacent faces (Akimov,
Zemisev, & Katsnelson, 1970; Do, Wu, & Lin, 2017).

Dimensions of displacement troughs are character-
ized by lengths of two half-troughs, with significantly
different formation processes. During the development of
adjacent faces, one half-trough is formed above the dis-
cretely moving goaf boundary (dynamic trough), while
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the other is formed above the stationary goaf boundary
with coal mass (stationary trough) (Teng, Xu, Xuan, &
Wang, 2016; Wu, Zhang, Jeffrey, & Mills, 2016).

Defining the features of half-troughs displacement for-
mation and their real dimensions in conditions of adjacent
faces development is relevant in view of the absence of any
recommendations on this matter in the normative document
(HSTU, 2003; Hejmanowski, 2015; Seryakov, 2016).

The purpose of this paper is to identify the peculiari-
ties of the dynamic and stationary half-troughs when
developing adjacent faces and to study manifestations of
activation processes of the tapped rocks displacement on
the basis of experimental data.

2. THE MAIN PART OF THE ARTICLE

It is known (Akimov, Zemisev, & Katsnelson, 1970)
that the harder the host rocks, the more intense their
displacement activation. The rocks hosting anthracite
seams are the hardest. For this reason, we used the results
obtained during developing anthracite seam by adjacent
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faces at the depth of 660 — 720 m (Borzyh & Gorovoy,
1999). Two groups of stopes with four faces in each were
developed on seam K’s. The length of the first group
faces (Ly) was 190 — 200 m, while the length of the sec-
ond group faces was 139 — 150 m.

In the beginning, two single faces 200 m and 193 m
long of the first group were sequentially developed, and
two single faces of 382 m total length were developed
after that.

As a result of such anthracite seam mining sequence,
the parameters of surface displacement troughs have
been determined (Borzyh & Gorovoy, 1999) for the
goafs 200 m, 393 m and 775 m wide (Fig. 1).
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Figure 1. Graphs of surface subsidence after developing
extraction pillars in P.L. Voikova mine (Borzyh &
Gorovoy, 1999): No 9(1), No 11(2), No 13(3),
No 15(3) — numbers of faces, the sequence of their
mining and the corresponding surface displacement
troughs; m — seam thickness, m; H — depth of stop-
ing, m; a =9 —seam inclination; 5 — subsidence of
the surface, mm

In the other group, the seam was first mined by two
double faces with a total length of 289 m. Then two more
faces of 142 m and 146 m long were sequentially devel-
oped. During this process, the parameters of three surface
displacement troughs were experimentally determined
(Borzyh & Gorovoy, 1999) for the goafs 289 m, 431 m
and 577 m wide respectively (Fig. 2).
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Figure 2. Graphs of surface subsidence after developing extrac-
tion pillars in P.L. Voikova mine (Borzyh & Go-
rovoy): No 2(1), No 3(1), No 4(2), No 5(3) — numbers
of faces, the sequence of their mining and the cor-
responding surface displacement troughs; m — seam
thickness, m; H — depth of stoping, m; a =9 —seam
inclination; n — subsidence of the surface, mm

The point of maximum subsidence which is deter-
mined for each trough (#,,) defines the boundary between
the stationary and dynamic half-troughs. These data
allowed to compute experimental lengths of the station-
ary (Lif) and dynamic (L,) half-troughs, the maximum
subsidence of the surface (7,,*) and the values for projec-
tion of the dynamic half-trough (4L) part for the fixed
goaf dimensions (Table 1). In all cases, the stationary half-
trough length was determined by the projection of the goaf
center on the one hand, and by the projection of the sta-
tionary goaf boundary with the coal mass — on the other.

The above considerations are confirmed by almost
functional relation (correlation coefficient » =0.99) be-
tween stationary half-troughs’ lengths L,% and the total
dimensions of operating faces’ goafs (L,) as well as ex-
traction pillars developed earlier (B). The regression
coefficient in the equation (1) is close to 0.5 (Fig. 3),
which indicates that the point of maximum surface sub-
sidence is located approximately above the middle of the
goaf of L; + B width.

Table 1. Data about the face operation conditions and parameters of surface displacement troughs during mining of anthracite

seam K's
Experimental parameters
Face operation conditions of displacement troughs according to The
No : (Borzyh & Gorovoy, 1999) sequence Notes
Face Ly The width of face
’ of idle blocks’ Li+Bm Lfm Lfm 4L m #mmm development
number
goafs B, m

1 9.00 200 0 200 100 110 15 90 1 1 erou
2 1100 193 200 393 195 270 85 300 2 o ?
3 13.15 382 393 775 400 500 150 570 3
4 2.30 289 0 289 99 240 57 136 1 2nd
5 4.00 142 289 431 195 271 42 292 2 group
6 5.00 146 431 577 302 279 8 393 3 faces
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Figure 3. Dependence of the stationary half-troughs’ length
LiE from the total width of the goaf (Li+ B): X— ex-
perimental data; 1 — averaging straight line; r = 0.99 —
correlation coefficient

The dynamic half-trough was longer than the station-
ary one by the value 4L, which, under the influence of
rocks displacement activation, spread beyond the projec-
tion of goaf boundary with the coal mass.

Methodology of the work meant to establish the pos-
sible impact produced on the lengths L,* and AL of the
operating faces (L;) by the width of goafs of previously
developed extraction pillars (B), the total dimensions of
goafs of operating and finished faces (L; + B), as well as
the sequence of developing single and double faces.
Analysis of the mentioned effect was made on the basis
of the graphs (Fig. 4).

The parameters of dynamic half- troughs L,® and AL
depended directly upon the length of the operating faces
(L1). The correlation coefficients (r) were 0.64 and 0.81
respectively (Fig. 4a).

The correlation between these parameters (L,X and
AL) and the width of goafs (B) of previously developed
extraction pillars was characterized by the correlation
coefficients 0.71 and 0.27 respectively (Fig. 4b).

The most significant impact (»=0.93) on the for-
mation of the dynamic half-trough lengths (L.F) was
made by the total dimensions of the operating faces (Li)
and goafs (B) of finished blocks (Fig. 4c). The relation-
ship between the AL parameter and the total dimension
(L;*+B) corresponds to »=0.61. Here the tendency of
increasing 4L while operating double faces compared to
working the seam by a single face was established. For
example, after the development of the first group, double
faces No 13 and No 15 of the total length of 382 m, AL
parameter was more than 150 m, while during mining of
single faces No 9 and No 11 with their total length of
393 m the parameter was not more than 85 m (Table 1).
After the initial mining of group 2, double faces No 2
and No 3 of the total length of 289 m and AL =57 m,
after sequential mining of two single faces No 4 and
No 5 the parameter under research amounted 8 m only.

Such increased activation of the tapped rocks by
double faces is evidently associated with the duration of
these processes. It takes a certain period of time to pro-
ceed from mining a single face to putting a new one
into operation. During this period, the intensity of the
excavated rocks displacement is significantly reduced,
which affects their activation when developing a single
adjacent face.
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Figure 4. Relation of the dynamic half-trough length L:F and
AL parameter of rocks displacement activation on
the face length (a), the dimensions of the previously
excavated faces’ goafs (b) and the total width of the
goaf (c): 1, 2 — averaging straight lines for L:f and
AL, respectively; x — experimental data and L>F and
AL according to (Borzyh & Gorovoy, 1999)

After developing the stope by the first of the double
faces, the processes of excavated rocks displacement
start to develop intensively. The movement of the other
double face contributes to the further development and
intensification of the processes of the tapped rocks dis-
placement, which leads to the increase in AL parameter.

3. CONCLUSIONS

During the development of the anthracite flat-lying
seam at medium depths (660 — 720 m), the maximum
surface subsidence occurs above the goaf center.

The dimensions of the stationary half-trough is de-
termined by half of the goaf length.
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The dynamic trough length increases by 4L under the
influence of rocks displacement activation in comparison
with the stationary trough. The value of this parameter
depends on the size of the exploited and developed faces,
as well as on the sequence of their mining. High AL values
were observed during the development of double faces.

The length of the dynamic trough depends on the to-
tal dimensions of the exploited face and the goaf directly.
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Merta. BctaHoBUTH 0cOOIMBOCTI POPMYBaHHS JUHAMIYHOI Ta CTAIliOHAPHOI HAIIBMYJIB. i1 BIDTMBOM BiApOOICHHS

AHTPAIUTOBOTO IIJIacTa CyMi)KHI/IMI/I JJaBaMHu.

MeToauka. BctaHoBIEHHS mapaMeTpiB 3pyIIEHHS 3€MHOI TIOBEPXHI MPHU MOCIIIOBHOMY BiIIIpaIfOBaHHI CyMDKHUX

J1aB. AHaNI3 OTPUMAHHX €KCIIEPUMEHTAJIbHNAX JaHHX.

Pe3yabraTu. BcTaHOBIEHO BIUIMB aKkTUBI3awlii 3pyIIeHHs MiIpoOieHux mnopia Ha GopMyBaHHS AWHAMIYHOI HaliB-

MYJIbJIM Ha 3eMHIH MMOBEPXHI.

HayxoBa HoBu3HA. BcTanoBieHa npakTudHO (yHKIIOHATBHA 3aJI€KHICTD JJOBXKUHH CTalliOHAPHUX HAIIBMYJIBA BiJ
3arajgbpHOI IIMPUHHU BUPOOJIEHOTO NpocTopy. Bru3HaueHo kopessiniiiHi 38’ 13KK apaMeTpiB ANHAMIYHUX HariBMYJIb]] Bil

CTYIIEHS PO3BUTKY OUYHCHHX POOIT.

MpakTuyna 3HaYnMicTh. OTPUMaHI pe3yNbTaTH CIPUITAMYThH YAOCKOHAICHHIO 3aXO0/IIB MO0 PAIliOHATBHOTO 3a-

XHUCTy 00’€KTIB Ha 3eMHIii TOBEPXHIi.

Kniouogi cnosa: spywenus, niopobka, nopooa, akmusizayis, aHmpayumosi Raacmu, Myib0a 3pYuleHHs, Cnapemi 1aeu

ABSTRACT (IN RUSSIAN)

Heab. YcraHOBUTh OCOOCHHOCTH (POPMHUPOBAHUSI JTUHAMHYECKOW U CTAIIMOHAPHOM MOJYMYJIb]] MOJI BIUSIHUEM OT-

pa60TKI/I AHTPAUTOBOTO IUIaCTa CMEXXHBIMHU JIaBaAMM.

MeToauka. YCTaHOBJICHUE NapaMETPOB CABHIXKCHUS 3€MHOHM MOBEPXHOCTH IIPH IIOCJEIOBATEIbHONW OTpabOTKe
CMEXHBIX JIaB. AHAJIN3 TOJTY4YEHHBIX SKCIICPUMEHTAIbHBIX TaHHBIX.
Pe3yabTaTbl. YCTaHOBICHO BIMSHHUE aKTHBHM3AlMK CIBMXXEHUS MOAPaOOTaHHBIX IOpPOJ] Ha (OPMUpPOBAaHHE JIMHA-

MHYECKOI NOJIYMYJIbJbI HA 3EeMHOM TMOBEPXHOCTH.

Hay'—IHaﬂ HOBH3HA. Y CTaHOBJICHA MPAaKTUYCCKU (byHKHI/IOHaHI)HaH 3aBUCUMOCTD JJIMHBI CTAlITMOHAPHBIX IMMOJTYMYJIbJ
oT 061Heﬁ IMHUPHUHBL BLIpa6OTaHHOFO IIPOCTPAHCTBA. OHpCI[eHCHBI KOPPEJIMIINOHHBIE CBA3U NMMapaMETPOB TUHAMHUYICCKUX

TIOJIYyMYJIBJ, OT CTCIICHU PAa3BUTHUA OUHUCTHBIX pa60T.

IpakTHyeckasi 3HAYUMOCTb. [loTydeHHBIC PE3YJIBTAaThI CIIOCOOCTBYIOT YCOBEPIIEHCTBOBAHHIO MEPOIPHUITHH IO

paIoOHATBFHON 3aIKTe 0OBEKTOB HA 3eMHOM MTOBEPXHOCTH.

Knrouesvie cnosa: C()euofcenue, nodpa6oml<a, nopoda, akmueusayus, aumpayumoesbvle niacmaol, Myﬂb()a Cd@u.?fCEHu}l,

cnapeHHbvle Jjlaebl
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