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ABSTRACT. The paper is subdivided into three main parts. The first chapter de-
scribes the .interest field, in which the state of stress of rock mass are analysed by
rueans of the geomechanical monit oring system; and under the support of a special
software, the ariornalous phenom.ena of st.ate of stress are forecast.

The second chapter deals with the developed geomechanical sensors, e.g. conver-
gorneters, ext.ensorneters , pr'essur-e sensors and tensometric heads, and geomechanical
monitoring system of the GMS-92 type.

The third chapter deals with the surnmary of the first results reached in the field
of putting this geornechanical system into operation.

1. INTRODUCTION

In 1992, the staff of the Research Mining Institute of Ostr ava-Radvanice fi.nished
the development of the G:MS-92 monitoring system of an explosionproof type. It
has been tested in the coa1 face No 43785 of the DOUBRAVA Colliery.

The fourth blo ck of the DOUBRAVA Colliery, in which this above-mentioned
coal face is situated, is bordered with the ELEONORA Fault in the North, with the
HLUBINSKA Fault in the East, and with the Central Fault in, the South. In the
West , it is borclered with the shaft pillar. The 37 coal seam, in which the coal face
No 43785-I is in operation, belongs to the sadd1e strat a of the KARVIN A Strata.
The development of this 37 coal seam is irregu1ar, i.e. its thickness varies under
the influence of the erosive wash+out to a considerab1e houndary, i.e. about 2.5 up
to 6.0 meters. Erosion has caused the changes in petrographic composition besicles
the Iocal reductiou of coal seam thickness. The dip is 4 degrees up to 5 degrees
towards the North-East. Under the influence of this dip , the coaI face is situatecl
in the depth of about 900 meters under the surface.

The immediate roof (Fig.l) consists of 1.5 m thick stratum consisting of coal
bacls, claystones ancl siltstones. Higher, up to the distance of 45 meters up to 55
meters, there are str at a of sandstones, 1ess siltstones and conglomerates. Above
them, there are two coal seams No 35and No 36, which are unsuitable for coal
extraction at 3011. Higher, up to the 34 coa1 searn , which is situated about 100 -125
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meí.ers from the 37 coa! searn , there are situated tliick slices of saudstones of their
total thickness of 65 meters. ADave the 34 coal searn, to the 32b coal seam , therc
are situated sanclstones of tlieir Lhickness of ,50 -70 meters.

The imrnediate roof of the 37 coal seam consists of claystones, root siltstones,
aud the 38 coal searn is clevelopccl in t\VO slices of their tot.al thick ness of ab out
25 cm arid 65 cm, in some places up to 100 cm. Lower , tliere are situated strata of
siltstones aud sandstones up to tbc distance of 20 - 30 meter-s, the 39 coal searns is
the main borcler. Frorn the view-point oť the struct ure ancl geology of these strata,
tlie above--rnentioned coal seam is ch ar acterized with the structure of a German
type with prevailing fracturc tectonics of a dip-slip fauIt ch aracter.

The coal Iace No 43785-] is led through the 37 coal seam , whieh will be minecl
in its full thickness. The coal faee is b eing mince! by means of a caving methocl.
Life of face is ab ou t 170 meters. The coal Iace is connected to the miniug area No
43765, finished in April 1986, mince! in puenrnatic stowing. Tbe rnining ar ea No
4:3785-1 is led through the gobs of the coal Iaces Nos 43765 and 4376:3. The nearest
mined roof coal seam No 34 (in the distance of 100 120 metcrs) has heen rnined
witli left rernaining non+extracted areas in 1970 -1971 (rnined by means of a caving
method). ln the higher roof, in the distance of 170 -180 meters, tlie coal seam 32b
was rniued in 1962-1964. Bot h above-mentioned coal searns were not mined in
their full area with regard to the sh ape of the coal face No 43785-J (there are solicl
pillars of coa1 seams No 32b aud :34). T1Ie area of thc adjacent coal faee No 4:3765
sliowed t.he anomalous seismicity during its rniniug in 1983 -1986, and tlrere were
many micro-ro ck bursts.

The above-mentioned coal face No 43785-1 belongs to tlie workirig sites with the
Lhird clegree of da,llger frorn í.he viewpoint of the origin of ro ck bursts wi th regard
to tlre rnentioned Iacts.

2. TEE G1v13-92 CEOl\lECHANICAL lVloNfTORINC SYSTEl\-1

This gCOlnechanical monitoring system serves for continuous monitoring of ge--
omcchanical p arameters of ro ck m ass by rueans of measur irig of convergerice of
the entries/ gates, lcngitudiual deformaticn of boreholes, pressures in stowing an d
horeholes, c1egree of gi:1SelICSS,etc. Thcre are m any uuique gcomechallical seusors.
ineasuring system of an intrinsica lly safe type, an explosionproof b a ckup p ower
su pply, au explosionproof portablc system, an d t.he surface evaluation working site
<:lS wcll . Thc blo ck diagram of tbc Gl\'f.S--92 System is shown in the Figure 2, which
also shows both conncction of th« particular parts of the system, ancl its p ositiou
witliin the system ať the explosionproof equiprnents. Jt is obvious Lhal, the power
supply and the transrnission system are of the Exdl type) an d i.e. Lliey can b e
placed in tlie area wit.h increascd dRl1ger of met.hnne explosioris (SN1VJ2), aud t.he
ot.h er part ať t.h is syst.crn , it is tli", "ia" intrinsical ly sak equiprnent , i.e. it can be in
operation in tlie areas with high danger of ruethane explosion (SNJv13). TIIC partie-
111ar p arts of this system incl.explosionproof euclosures, h ave the rnaximurn wcight
up to 25 kg. To p u t this system into op era í.ion is 1,00 op er at.ive. Tbc GMS-92
unclerground geollleclwllical monitoriug system consists of these below-rnent.ionccl
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parts:

- Sensors (i.e. convergencemeters, extensometers, dynamometers, etc.),
- Analog buses, i.e. layout of cable distribution systeme and connection boxes,

The unclergrouncl data outstation on base of one chip C-MOS microproces-
sor with programmable mode (and/or more underground data outstations),

- Intrinsically safe power supply (and/or with backup),
- Transmission system for data outstation's connection to the surface PC,
- The surface evaluation system.

Besides the G KD-92 data outstation's design, transmission system and surface
evaluation part, the clevelopment of geomechanical sensors has been carried-out as
well. These below-mentioned sensors have been developecl for the environments
with too high danger of methane explosion:

The KO-EL Convergencemeter serves for the measurement of deformations of
the undergrouncl workings, ancl for the determination of movements of the particular
parts of rock mass.

The KO-EL-Z Convergencemeter ran be usecl esp. in stowing.
The EX-EL Extensometer is a measuring device serving for measurement of a

clisplacement between two measuring points, usually between a preselectecl place of
a borehole in rock mass (leel from the side of a working) ancl the sicle of a working.

The EX-EL-V Extensometer is used for measurements in vertical boreholes.
The M168.1 Dynamometer enables to measure pressure in loosenecl rocks. It

is usecl for the measurements of pressure phenomena of rock mass in caving, or
stowing cushion in clepenclence upon the clistance from the advancing coal face.

The below-mentioned TABLE gives the most important technical parameters of
par ticular sensors:

TABLE

KO-EL KO-EL-Z EX-EL EX-EL-V M168.1

construction Exial ExiaI ExiaI ExiaI Exig I

measr.r ange" 400 [mm] 400 [mm] 100 [mm] 55 [mm] 50 [J\1Pa]

dia.of a hole 42 [mm] 42 [mm]

depth* 10 lm] 5 [mj
resolution 0,5 [mm] 0,5 [mm] 0,5 [mm] ±1 % of 0.2 [MPa]

range [mm]

weight 18 [kg] 5,5 [kg] 12 [kg] 3 [kg] 20 [kg]

pr otection IP 67 IP 67 IP 54 IP 54 IP 65

* and/ar in accorďance with a cus t orners wishes anddemallds

The actua] putting the GKD-92 geomechanical system into operation has been
carried-out a.ccording to the worked-out draft by the research staff of the RE-
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l"IG .3. Layout of monitoring system in the coal face NO.43785

SEARCH MIN ING INSTITUTE OF OSTRAVA RADVANICEj Inc, In geome-
chanical st at.ions, in forefielcl of tlie coal Iace No 43785-T, the convergeucerneters
and extensometers in the dist.ance of about 50 meters from t he conuecting gate were
installed. Tbe dist.ance b etween the particular georuechanical statious were set for
20 rneters by the prepared project. In the trunk road No 43723, the wall niches
were built for tlie needs of geomechanieal stations, in which in roof and Iloor shor t
bore lioles for the installation of one meter 1011g bolts ended with .rvr24-thread were
borec! so that the l\O-EL convergcncerneter could be fit.ted there. A.n eleven meters
long bore hole of a dia. 01' 42 mm was borecl in thc pillar side for the exLensometer.
In the depth of 10 rneters, an an chor of extensorneter , connected to a resistant
transmitter by means of a measuring set of rods, was installecl. The same works
have been carrieď-ou t in tlie entry(gate) No 4:3721-V with this following diílerence:
the own sensors were installecl direct in the entry as in the cross secti on ar the entry
No 43721-V, there are no stowiug eones/areas. As soon as the coal face advances
to t h e distauce of ab out ten meters, the displacemeut of a geomechanical station to
another position accorcling to tlie project for tlie applica tion of geornechanical sys-
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tem will be carried-out. Figuro 3 shows tlie geornechanical system aud tbe layout
of geornechanical statious aud data outstatious.

The b asic software aud the algorithrn draft of a forecast of tlie origin ať geody-
namic phenomena of the G KD-92 geornechanic.al mouitoriug system is cleseribecl
in works of resear chers of the Research Mi niug Insti tute of OSTRAVA-Ra-clvanice,
Inc. [Žák, 199;3, Tomáš, 1993, Krečnier , 1992]. The si tuation in the Gl\IS iudividual
geomechanical stations is given by tlie coefficient of safety, the values ofwhich are
t.he resu lts of the analyses of the clevelopment of convergence changes ancl conver-
gence expansicn in accord ance with tlie algorithm draft of forecasts of the origin of
geodynamic phenomena.

3. THE EVALUATION OF ttESULTS llAVING I3EI;;N REACHED IN TIIE PIELD OF

TIIE i\PPLICATlON OF TIlE G.l\IS-92 GE01VIECHANICAL i\IoNITORING SVSTEJ'vI

Coal extract.ion in the coal ťace No 113785--1 was st.arted on April 20, 1093. The
G ]\18-92 georncchanical monitoring system has been put into operation since April
1, 199:3. The regular evaluatiou aud d at.a síoring in datab ase, incl. sensors test ing ,
was starf.ed on April 28, HH)~3.Since theu, t.lie coal face advance frorn tlic starting
connecting gatc in the rnain ga í.e No 4372:3 was 1.5 meters, ancl in tlie tail gate
No 43721-V, it was 4.5 meters. During the tirne period till May G, 199~3, (face
advance h as heen interrupted), the total Iace advance in the main gate No 43723
was 2.5 meters, and in t.he tail gate No. /1:372i-V, it was ten metcrs. Frorn May
6, 199~~ till May 24, J.99;3, Iace adva nce was stoppcd due to the Iact that a group
of miners went to auot.her workirig p lace. Frorn May 24, HH);3 till June 15, 1993,
the total face a.dvauce in the mai n gate No 4:372:3 was 19 meters, an d in the tail
gate No. 4::372I-V, it was 25 rncters. During this shor t period of tirne, in which
coal face was in op eratiou, t\VO seisrnological phcnorncn a of a highcr energy than
ten to five J were rccorde d (télken-over front the databank 01' geornechanical service
at t.lie DOUDRAVA-Cotli('ry). These seismological pheuomena are sliown in F'igA,
in wh ich í.he course 01' conver gcnce of a working an d loosening 01' a coal se.arn (fur-
ther convergence and expansion only) in a gcomechanical stat.ion (furt.her the GMS
only) were rccorderl. This Gl\18-gcornechanica! stat iou is situated in the t ail gate
No II:H21-V in atat ioning of 140 metcrs. AccordiIlg to seismological phenornena
an d lo cal examin ation, these georncchallical phcnornena aud ruany other plienom-
en a of str ess releasing in a givcn area, were concentratcd in a stowiug area of coal
hec No 4::\785--V. From tbc s.nne rcason, no ariornalous phenornena of CO!1Vf:'rgence
aud exp ausion ať a working have liecn recorded hefore these above-meuí.ioned seis-
mological phenornena.

lil t.he rnain gat.e No 1j;372:3, b oth convergence <lne! expansion have been of no
irnport.ance t.ill May 29, 19~n. Aftcr b lasting , in five bore holes, 824kg of explosive
h ave bcen b lastecl, an d aftcr dest.rcssing blasting on .J uue 9, 1993 in a coal searn
(35 kg explosi ve) in stationing of :t15 - 255 meters, (ln obvious increasc of bodl
convergence aud espccially expansion could he observed. These ch auges can b e
caused by stress shifting of rock mass in a caved area iuto Ioreíicld of a coal Iace,
which was loosencd after the above-mentioned works Iiave bcen Jane. Figuro 5
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shows the graphic courses of these changes. On June 25, 1993, the seismological
phenomenon of radiated energy of 6.10 to three J occurred. This phenornenon was
located in the GMSl-area in the gate No 43723, and it confirms the algorithm of
forecast of the origin of geodynamic phenomena. Figure 6 shows graphic course of
these changes with signalling of these phenomena in advance.

4. CONCLUSION

As mentioned above, this geomechanical monitoring system can be usecl for fore-
casting the anomalous phenomena of state of stress of rock rnass, and observing of
the effectiveness of preventive measurements. With regard to the above-mentionecl
time of extraction and the total face ad vance (coal face No 43785-1), fur ther anorna-
lous phenomena of state of stress of rock mass can be expected. These results will
be used in forecasting the anomalous phenomena of state of stress of rock mass,
and during mining the coal face No 43767 at the DOUBRAVA-Colliery.

The G MS-92 geomechanical monitoring system records the cha.nges of both C011-

vergence an d expansion with a sensitivity of a tenth ofmillimeter. Such a sensitivity
of sensors and surface evaluation device represent the improved works of a geome-
chanical service at the DOUBRAVA-Colliery, and it enables to cornpare the seis-
moacoustic observation and seismological observation with the above--mentioned
cleformometric methods serving for forecast of anomalous phenomena of state of
stress of rock mass, and observation of the effectiveness of prevention and suppres-
sion.
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