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Abstract

Here represented the results of actual industrial test of the longitudinal sharp strengthening of the
preparatory working main timbering in a zone of clearing works influence.

Abstrakt

Jsou zde prezentovany vysledky provozni prumyslové zkousky podélného vyrazného zesileni vyztuze
ptipravného dilniho dila v pasmu vlivu vyklizecich (likvidacnich) praci.
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Stability of mine-working which are being conducted in the zone of clearing works influence in specific
conditions of deep mines in Donetsk basin is mainly determined by effective performance of the high-efficiency
mechanized complexes. For last years the significant amount of various technological solutions on preparatory
developments maintenance stability [1-4] was offered. However owing to the essential variability of mountain-
geological conditions of operation in big depths of mine-working and misfit of implemented ways of mine-
working maintenance parameters to conditions of mountain works conduction, the majority of the offered
technological solutions has not received a wide circulation.

The scientists of Cathedra of Exploitation The Deposits of Mineral Resources in Donetsk National
Technical University theoretically proved and experimentally confirmed a possibility of maintenance of a stable
state of mine-working which are being held in the zone of clearing works influence on account of a redistribution
of the increased load between overloaded and underloaded timbering sets along the working length with
longitudinal-rigid timbering of strengthening [5-9]. The trial industrial check for an efficiency of a new way of
longitudinal-rigid strengthening arch timbering of mine-working in a zone of influence of clearing works has
been conducted in several mines of State Holding Company ,,Donetskugol” (Yuzhnodonbasskaia Ne3 Mine,
Abakumova Mine, Kalinina Mine and Skochinskogo Mine) which has confirmed the high efficiency of this
method [5,6,8,9].

The flange rigid longitudinal beam Nel4 (fig.2) was used as strengthening timbering in
Yuzhnodonbasskaia #3 Mine in conditions of the 4-th east lava of a layer ¢, working over a column for
restoration of a layer with use of combined working system (fig. 1). There were used 3 variants of strengthening
timbering: single flange beam with additional segment of rigidity; single flange beam with segment of rigidity
and strengthening of each arch timbering set with vertical centered chemical anchor of 2,5 m length; and two
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parallel flange beams with segment of rigidity and installation on each timbering frame of two chemical anchors
of 2,5 m length with an incline of their ground part on 30 in both directions from the vertical line.

A

z NN
4nd eastern lava 1997
IRIPN P \ \\

Fig. 1. Copy out of the mine-working scheme in layer c;; in Yuzhnodonbasskaia Ne3 Mine

Obr. 1: Schéma dilnich dél ve sloji c;; v dole Juznodonbaskaja ¢. 3

Fig. 2: Scheme of a longitudinal-rigid strengthening timbering disposition along the working length (a) and in
its cross-section (b): 1 - timbering sets, 2 - flange longitudinal beam, 3 - rigidity segment, 4 - fastening elements
of the beam and the rigidity segment

Obr. 2: Schéma podélného zajistent vyztuze dilniho dila (a) a v jeho prirezu (b): 1 — vyztuze, 2 — podélny nosnik
profilu I, 3 — horni oblouk vyztuze, 4 — upeviiovaci prvky nosniku na horni oblouk vyztuze
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The results of instrumental supervision over displacements and speeds of displacement of a working
roof contour in controlled and 3 experimental parts over implementation of 3 variants of strengthening timbering
are presented in fig. 3.

Submitted schedules show the longitudinal-rigid strengthening allows to reduce 2,2 - 2,5 times
displacements and displacements’ speed of a working on the most important technological section where lava
meets conveyer working.

Use of longitudinal-rigid strengthening timbering has allowed to decline the use of aggregate timbering
of junction in junction of the 4-th east lava with ventilation drift since the function of aggregate timbering was
effectively carried out by the strengthening one.

The longitudinal-rigid strengthening timbering trial industrial check for an efficient parameters
definition of mine-working maintenance in deep mines in a zone of influence of clearing works has being
conducted in Kalinina Mine, in conveyer drift of the layer h;y in 2nd western lava since second half of 2002
(fig. 4). The layer hy “Livenskiy” of 1,14-1,3 m wide and an angle of falling down of 18-23° was worked out on
depth of 1180 m.
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Fig. 3: Schedule of displacements (a) and speeds of displacements (b) of a roof contour of a ventilating drift
distanced up to a lava on a controlled - 1,the first - 2, the second - 3 and the third - 4 experimental sectors

Obr. 3: Casovy harmonogram posunuti (a) a rychlosti posunuti (b) obrysu stropu hodnocené vétrni chodby na
kontrolovaném - 1, prvnim - 2, druhém - 3, tretim - 4 experimentdlnim sektoru
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The movable arch timbering (AP-5/13,8 made of special profile SVP-27 with a step of installation of
timbering frames - 0,5 m) of the conveyer drift was strengthened with single beamed longitudinal-rigid
timbering as which there was used the long beam made of rectilinear profile (SVP-27) pieces of 4m length,
connected with overlap of 0,5 m with two yokes. The beam was hung up over 2 special hooks with straps and
screw-nuts in the center of every upper part of timbering.

At the first stage of trial check there was implemented the single beamed longitudinal-rigid
strengthening timbering in the drift section of 80 m length. The strengthening timbering consisted of a long beam
made of special rectilinear profile (SRP-27) pieces of 4m length, connected with overlap of 0,5 m with two
yokes. The beam was hung up over 2 special hooks with straps and screw-nuts in the center of every upper part
of timbering.

At the second stage there was installed the double-beamed strengthening timbering with a symmetric
location of beams in the upper part distanced for 1,8 m from each other (fig. 6a) to prevent intensive lateral

displacements of a working contour on the side of rock bedding in the drift.
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Fig. 4: Scheme of mine-working of the 2nd western lava of the layer h;y in Kalinina Mine

Obr. 4: Schéma dulnich dél 2. zapadniho porubu sloje h;yv dole Kalinina

Fig. 5: Arch timbering conveyer drift state without strengthening timbering implementation ove working
retimbering behind the 2nd western lava face, distance - 220 m
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Obr. 5: Dopravni chodba s obloukovou vyztuzi bez realizace zpeviujici vyztuze za celbou 2. zapadniho porubu,
vzdalenost — 220 m

The double beamed strengthening timbering implementation allowed to use more effectively the
perimeter of arch timbering on account of spatial consolidation of timbering sets and of a rigid frame
construction creation.

There was defined in the result of analysis of visual and instrumental observations that the maximal
manifestations of mountain pressure are being observed over a rock roof bedding (fig. 5). There was defined
during a process of a rock contour deformation there happened a formation of local zones of the increased
pressure where rock folds were formed due to focusing of increased loads on separate timbering (fig. 5). A
decompaction of rock parts took place due to splitting and bursting of roof layers and sides on a working
contour.

Fig. 6: Longitudinal-rigid strengthening timbering construction and conveyer drift state at a distance
of 120 m (a) and over ground slashing (b) in 230 m behind the 2nd western lava clearing face

Obr. 6: Konstrukce podélného zpevnéni vyztuze a stav dopravni chodby ve vzdalenosti 120 m (a) a 230 m (b) za
vyklizeci chodbou 2. zapadniho porubu

That’s why in the third stage of researches a beams position along the profile upper part has been
changed for increasing quality of a rigid-longitudinal strengthening timbering work, and one beam has been
placed in the middle of the upper part, and the second one - 0,2 m higher than an arch timbering lock — along the
maximal loads of rock roof bedding’s line (fig. 6b).

Implementation of longitudinal-rigid strengthening timbering has allowed consolidating of operating
conditions of separated frames of the basic timbering on account of redistribution of increased and irregular
loads between overloaded and underloaded arch timbering sets. Besides the presence of rigid-longitudinal
strengthening connection has created preconditions for formation in the layer roof and in the mine-working side
the local load-carrying zones preventing development of fold-forming process (fig. 5).

There represented the results of instrumental observations over displacements of lateral rocks without
implementation and with strengthening timbering presented in figures 7a and 7b.

As shown at the charts the implementation of single longitudinal-rigid strengthening timbering allows to
decrease displacements of rocks at 1,7-1,8 times and - displacements of mine-working sides at 1,3 - 1,4 times.
Besides if transport drift passes ahead of lava for 45-50 m in preparatory mine-working, the supporting pressure
zone before a clearing face is being formed and its presence leads to intensive displacements of a rock contour,
and vertical displacements without strengthening timbering in alignment with the lava are 2,3 m, and horizontal -
1,7 m.
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Fig. 7: Schedule of dependence for vertical (a) and horizontal (b) displacement of rock contour of the 2nd
western lava transport drift of a layer h;y without implementation and with use of longitudinal-rigid
strengthening timbering

Obr. 7: Zavislost pro vertikalni (a) a horizontdlni (b) posun obrysu chodby dopravni chodby 2. zapadniho
porubu sloje hjy bez realizace a s pouzitim doplnujici podélné vyztuze

Implementation of longitudinal-rigid strengthening timbering has allowed to decrease vertical
displacements for 1m and horizontal — for 0.4m demanding minimal labor and financial costs and having created
no technological obstacles to the main process - conducting clearing works in the lava.
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Resumé

Stabilita dtlnich dél provadénych v pasmu vlivu vyklizecich praci ve specifickych podminkach
hlubokych doli v Donécku je hlavné urCovana efektivnim vykonem vysoce ucinnych mechanizovanych
komplexd. Beéhem poslednich let bylo dano k dispozici zna¢né mnozstvi riznych technologickych feseni pro
zajisténi stability pfipravnych dilnich dél [1-4]. Kvuli zna¢né variabilité diilnich a geologickych podminek tézby
ve velkych hloubkach se vétsina navrhovanych technologickych feseni nerozsitila.

Védecti pracovnici Katedry tézby lozisek surovinovych zdroji na Donécké ndrodni technické univerzité
teoreticky dokazali a experimentalné potvrdili mozZnost udrzeni stabilniho stavu dilnich dél, které jsou v zoné
vlivu likvidacnich praci kvili redistribuci zvySené zatéze mezi pietizenymi a neuplné zatizenymi dvetejemi
podél pracovni délky porubu s podélné dopliujici vyztuzi zpevnéni [5-9]. ZkuSebni primyslova kontrola
zabyvajici se ucinnosti nového zpisobu zajisténi obloukové vyztuze podélnymi nosniky, umisténymi v
ptipravnych dilnich dilech v zo6né vlivu likvidacnich praci byla provedena v nékolika dolech statni spolecnosti
»Donetskugol“ (doly Yuthnodonbasskaia No.3, Abakumova, Kalinina a Skochinskogo), a potvrdila vysokou
ucinnost této metody [5, 6, 8, 9].

v

Ocelovy podélny nosnik profilu I ¢. 14 (obr. 2) byl pouzit jako zpeviujici vyztuz v Dole
Yuzhnodonbasskaia #3 v podminkach 4. vychodniho porubu sloje ¢{;s pouzitim kombinované dobyvaci metody
(obr. 1). Byly pouzity 3 varianty doplitkové vyztuze: jednoduchy nosnik profilu I ve spojeni s oblouky stavajici
vyztuze, jednoduchy nosnik profilu I ve spojeni s oblouky a zesilenim kazdé¢ho oblouku dvefeji s vertikalné
umisténou chemickou kotvou, dlouhou 2,5 m a dva paralelni nosniky profilu I ve spojeni s oblouky stavajici
vyztuze a instalaci u kazdého oblouku vyztuze dvou chemickych kotev 2,5 m dlouhych s tklonem jejich
zékladni ¢asti 30° v obou smérech od vertikalniho sméru.

Vysledky kontrolnich méfeni posunu a rychlosti posunuti obrysu stropu dila v kontrolované oblasti a 3
experimentalnich ¢astech béhem realizace 3 variant zesilujici vydfevy jsou uvedeny na obr. 3.
Predlozené Casové harmonogramy, ukazuji ze podélné zesileni umoziuje snizit 2,2-2,5 krat posunuti a

vvvvvv

Pokusny ovétovaci provoz s podéIné zajistovanou vyztuzi byl realizovan v dole Kalinina, v dopravni
chodbé¢ sloje hyy v oblasti druhého zapadniho porubu od druhé poloviny r. 2002 (obr. 4). Sloj hy, ,,Livenskiy*
méla mocnost 1,14-1,3 m a uhel tklonu byl od 18 do 23°. Dobyvani probihalo v hloubce 1180 m.

Obloukova vyztuz (AP-5/13,8 tvofena specialnim profilem SVP-27 s hustotou budovani oblouki 0,5 m)
dopravni chodby byla zesilena podélné vyztuzi s jednoduchym nosnikem tak, jako byl pouzit dlouhy nosnik,
tvofeny kusy ptimého profilu (SVP-27) 4 m dlouhymi, spojenymi s piekrytim 0,5 m dvéma tfmeny. Nosnik byl
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zavéSen na 2 specidlnich hacich maticemi ve stiedu kazdého horniho oblouku stavajici vyztuze dlouhého dalniho
dila.

Prvni faze méfeni probehla s podélnym vyztuzenim chodby 80 m dlouhé. Zpeviiujici vyztuz se skladala
z dlouhého nosniku slozeného z 4m kust specialniho pfimého profilu (SRP-27), spojeného s prekrytim 0,5 m se
dvéma tfmeny. Nosnik byl zavéSen na 2 specidlnich hacich s pasky a maticemi ve stfedu kazdé horni ¢asti
vydievy.

Ve druhé fazi byla instalovana dvounosnikova zpevnujici vyztuz se symetrickym umisténim nosnika
v hodni ¢asti vzdalenymi od sebe 1,8 m (obr. 6a), aby se zabranilo intenzivnim bo¢nim posuntim profilu dila.

Realizace zpevnujici vyztuze s dvojitym nosnikem ndm umoznilo vyuzit ucinngji délku obvodu
obloukové vyztuze kvtli prostorové konsolidaci.

Ve vysledku analyzy vizudlnich a méfickych pozorovani bylo definovano, Ze maximalni projevy
horského tlaku jsou pozorovany nad stropni horninovou vrstvou (obr. 5). Bylo definovano, ze béhem procesu
deformace profilu horniny vznikly lokalni zény zvySeného tlaku tam, kde se vytvofily zhorniny vrasy
v dasledku ptsobeni zvySeného tlaku na samostatnou vyztuz (obr. 5). Rozvoliiovani ¢asti hornin probihalo
v dusledku $tépeni a odd€leni stropnich vrstev a bokt na vrstevnici dilniho dila.

Proto se ve tieti fazi vyzkumu zménila poloha nosnikd podél horni ¢asti profilu, aby se zlepsila kvalita
konstrukce podélné zpeviiujici vyztuze a jeden nosnik byl umistén do stiedu horni ¢asti a druhy — 0,1 m vyse
podél maximalniho zatiZeni linie vrstevnatosti horninového stropu (obr. 6).

Realizace podélné vyztuze umoznila konsolidaci provoznich podminek oddélenych jednotlivych
obloukl zakladni vydfevy kvuli redistribuci zvySenych a nepravidelnych zatézi mezi pretizenou a malo
zatizenou obloukovou vyztuzi. Kromé toho, pfitomnost podélného zpeviujiciho spojeni vytvorilo predpoklady
pro tvorbu vrstvového stropu a v boku dilniho dila mistni nosné zény zabranujici vyvoji procesu tvorby
nadvylomt (obr. 5).

Vysledky méfickych pozorovani pii posunuti bo¢nich hornin bez realizované a se zpevilujici vyztuze
jsou uvedeny na obr. 7a a 7b. Jak je uvedeno v diagramech, realizace jednoho podélného nosniku umoziuje
snizit posunuti hornin na 1,7 —1,8 krat a posunuti bokt dtlniho dila 1,3 — 1,4 krat.

Recenzenti: Prof. Ing. Jii Horky, CSc., VSB-TU Ostrava,
Doc. Ing. Petr Zirek, CSc., VSB-TU Ostrava.
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