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DEFORMATION ANALYSIS IN THE SURROUNDINGS
OF THE ROADWAY AHEAD OF LONGWALL MINING,
STASZIC-WUJEK MINE, POLAND

Petr Waclawik'*, Radovan Kukutsch', Kristyna Schuchova’, Jan
Nemcik?, Andrzej Walentek?, Aleksander Wrana®, Sahendra Ram*
and Jiri Korbel®

ABSTRACT: Accurate knowledge of the stress-strain state in rock mass is absolutely critical to optimise
support design. Therefore, the rock mass stresses are often measured for reasons of safety and
efficiency in underground mining. Investigation of the rock mass stress is usually carried out by
interpretation of the rock mass deformation processes. These can be monitored and measured. The
compact conical-ended borehole overcoring (CCBO) probe was used to measure the pre-mining full
stress tensor and afterwards three compact conical-ended borehole monitoring (CCBM) probes were
installed to continuously monitor stress changes in rock mass ahead of the advancing longwall 11/501/C
mining seam 501 in the Staszic-Wujek coal mine in Poland. The purpose of the monitoring was to
quantify changes in stress tensor during the mining process. At the monitoring site the extracted seam
had an average thickness of 3.4 m at a depth of about 890 m and lies within the Polish part of the Upper
Silesian Coal Basin. The maximum measured stress of 30 MPa was oriented close to horizontal and
amost parallel to the monitored roadway. The deformation analysis of roadway was carried out using a
pulse 3D laser scanner at the geotechnical station. Due to favourable orientation of the lateral stress,
the deformation changes in the roadway surroundings the monitoring station were minimal.

INTRODUCTION

The knowledge of stress state in rock mass (RM) is very important in mining geomechanics. Generally,
the accurate knowledge of the stress strain state of the RM in the neighbourhood of the mining galleries
and underground openings is absolutely critical for their optimum support design not only in the vicinity
of them, but also at a greater distance away. Measurement (investigation) of the rock stress is usually
carried out by interpretation of the RM deformation processes, which can be relatively precisely
observed and measured.

To measure initial in situ stress in RM, the Compact Conical ended Borehole Overcoring (CCBO)
method was used. The CCBO probes were developed at the Institute of Geonics in cooperation with
University Kumamoto. K.Sugawara and Y. Obara (Sugawara and Obara 1999, Obara and Sugawara
2003) were the first who developed and used the compact conical-ended borehole overcoring system.
To measure stress changes in the state of stress in the RM, the Compact Conical ended Borehole
Monitoring method (CCBM) (Stas et al. 2005, 2011) was used. This method is based on the principles
of the modified overcoring method. The measurement probe is glued directly to the conical top of
installation hole to monitor continuously changes in stress that occur in RM during mining processes.

The stress state monitoring in Staszic-Wujek coal mine was designed for one geotechnical monitoring
station in the entry roadway of the longwall with the power loader technology. The geotechnical station
was located in the entry roadway No. 11/501/C at the chainage of 296 m from the longwall face. The
CCBM probes were installed at the end of February, 6 weeks before the start of longwall mining.
Exploratory hole was drilled before installation to determine the positions of probes with respect to the
lithological development within the RM. The geotechnical station was designed within the technical limits
of the maximum length and incline of the installation holes.
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The deformation analysis of roadway at the monitoring station was carried out using a pulse 3D laser
scanner. The purpose was to capture deformation changes ahead of the advancing longwall face;
specifically, at five stages in the £ 20 m section on each side from the GS.

METHODOLOGY OF MEASUREMENT

Methodology of initial in situ stress measurement

The CCBO method is an in situ measurement of stress relief in the RM. It uses the inherent behaviour
of the rock core due to overcoring process. Overcoring itself causes the rock-core stress release, which
is manifested by a deformation response. The relationships between the measured strains along the
perimeter of the probe provide the ability to calculate the stress state in which the rock was initially
placed (Stas et al. 2007a,b, 2011). The CCBO probe is a conical-shaped device that allows
determination of the full stress tensor of the rock from only one borehole measurement (Waclawik et al.
2016). The strains in the tangential and radial directions are measured through strain gauges located at
the probe surface (Figure 1). The original probe design, which contained eight strain gauge rosettes
(Sugawara and Obara 1999), was modified to use only six strain gauge rosettes (Fig. 1).

Az

Figure 1: Geometry of CCBO probe (Waclawik et al. 2016)

The conical shape of the probe’s surface has the advantage of measuring the stress tensor in one
position and simple installation and centering of the probe strain gauges. Relatively short compact
segment of rock is required for application of this overcoring method.

Dependence of corresponding gauge sensor (Nakamura 1999, Stas et al. 2004, Stas et al. 2008 ) is
formulated by:

eA™ * E = | A(A;®)) | * o]

where: €% - calculated deformation on gauge sensor of A type (A € {T,L}) and ®; adjusted to x-axis
Gie{1,...... m }, m-number of sensors); E — Young’s modulus; | A(A;®j) | is 6-elements row matrix; the
elements depend on A type and ®; orientation of corresponding gauge sensor; |o| - stress tensor
represented by column matrix (Jo|T={cxx, Oyy, Gzz, Oxy, Oxz, Gyz }). Optimal stress tensor |o| of the system
is found by method of least squares of differences of the corresponding measured eae; and calculated
ea® deformations.

The CCBO probe is designed for holes 76 mm in diameter. The waterproof probe body has a diameter
of 55 mm. Six pairs of mutually perpendicular strain gauges are mounted onto the conical tip of the
probe with an apical angle of 60°.

Methodology of stress state changes monitoring of rock mass

The CCBM method is based on similar principles as the CCBO method except for the 'destructive'
overcoring phase which is not performed. This method allows a repeated measurement of strain on all
sensors of the probe over a long period. In this case, however, only changes of the stress tensor in
relation to the stress state at the time of probe installation (i.e. to the reference state) can be determined.
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This is the principal difference between the CCBO and CCBM methods. The evaluation of
measurements remains the same as in the case of the CCBO technique.

The dependence of corresponding deformations on the tensometers on the stress tensor was formulated
by Sugawara and Obara (1999) and Obara and Sugawara (2003). For the CCBM, the following equation
was formulated (Stas et al 2011):

[ AD(ti) +&AP(AD)] X E = AN, D)| X [ |ai] + [S(A)] ]
and the following was expressed using it:
e NA(AL) X E = |A(\; 1 D)| X |S(AL)],

where ¢ A%(ti) and ¢ A%(At) are the deformation &% at the time of the installation of the probe and the
differential deformations related to the time of installation; |oi|, |S(Af)| are the tensors at the time of
installation fiand the induced stress tensor (stress changes at the time At after installation) related to the
stress state |ai| ; E is Young’s modulus and u is Poisson’s ratio. The optimum stress change tensor of
the whole system can be calculated using the differences of all (“j-") pairs of the corresponding
measurements (sA%(At)) and the ideal expected deformation (saq (Af) = |A(A; 1 D)| X |S(AL)[/E) can be

calculated using the method of least squares.

The CCBM probe is designed for holes 76 mm in diameter. The waterproof probe body has a diameter
of 55 mm. Six trio of strain gauges are mounted onto the conical tip of the probe with apical angle of 60°
at the level where the diameter is 38 mm. The probe is glued directly in the conical shaped bottom of
the hole. The CCBM probe, which can be connected to an external control unit by cable, thus enables
the observation of stress changes in the rock mass (induced, for example, by underground mining
activities). Periodic manual reading of data was carried out by Personal Digital Assistant (PDA). The
data concerning stress changes in CCBM probes were read minimally three times per week with only
minor exceptions (technical problems with the reading device or oxidation of cable contacts).

Methodology of measurement of roadway deformations

Within scanning the longwall roadway, Faro Focus S 350 scanner was used (see Figure 2). This is a
device with a long laser beam range, which is distinguished by its spatial, length and angle accuracies
and its high scanning rate. The subject of scanning work was scanning longwall roadway No. 11/501/C
under the longwall, using the power loader technology. Similar verification of stress state monitoring in
the surroundings of the roadway ahead of longwall mining based on the results of 3D scanning of
roadway deformation was discussed for Bogdanka and CSM Mine (Kukutsch et al. 2016, Waclawik et
al. 2022). The GS was installed in the roadway concerned in the surroundings of which scanning works
took place. The purpose was to capture deformation changes ahead of the advancing longwall face;
specifically, in five steps in the £ 20 m section on each side of the GS. The subject of the first step was
the initial scanning at the time of longwall face start for the purpose of capturing the current state;
additional steps were scanning this station at distances of 285, 198.5, 165, 119.5 and 91.5 m in front of
the longwall face with the already possible detection of space-time changes. Scanning closer to the
longwall face was not allowed for the safety reasons.

With regard to the minimum blocking of the operational time in the roadway concerned such resolution
was selected that enables to capture the roadway in sufficient detail, nevertheless respecting and
considering mining operation. The chosen resolution was 1/4 (the detail level for the inside spaces up
to max. 10 m to the point of interest) in quality 2x (43.7 million. points within one position). Scanning
itself with this resolution, including the time for setting the tripod, took 4-5 minutes at each station. With
regard to the high humidity and temperature, scanning itself was preceded by waiting for approx. 30
minutes to equalise temperature of the scanner optics to prevent water vapours condensation on the
surface of the rotating glass. The specified step between individual stations was 5 m, i.e. such distance
that ensures the optimum coverage of the mine work from two consecutive stations. A necessary activity
within 3D laser scanning is the registration of partial point clouds to create one unit. A condition of every
successful registration is the detection of at least a pair of joint detection points (reference spheres and
targets) within at least a pair of connected partial point clouds. To ensure that the processing and
registration of partial scans are as precise as possible, reference spheres with a diameter of 140 mm
and checkerboard targets with 20 x 20 cm size were used. When they were used, the achieved middle
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distance errors (registration errors) were in the order of up to 3 mm. A condition for problem-free
registration is not only the visibility of the ground control points from one and more stations but also
respecting the conditions for setting the reference balls resulting from the chosen resolution. For the
purpose of aligning clouds, the reference balls had a fixed stated position (the reflective label on the
reinforcement specifying unmistakebly their position) at the border of the selected section to enable
alignment of the mutual point clouds. The details of all scanning campaigns are given in Table 1.

Figure 2: Scanning of the longwall roadway by Faro Focus S 350 scanner

Table 1: Overview of the scanning campaigns at the geotechnical station, *automatically
generated cloud to cloud error from the TRW

Date Distance Number of Registration Number of Length of the captured
to positions error captured points section
longwall
20. 04. 2022 285.0 m 6 1.21 mm 727,175,158 34m
26. 05. 2022 198.5 m 8 1.92 mm 1,049,828,771 42 m
22. 06. 2022 165.0 m 7 1.30 mm 892,830,273 38m
14. 07. 2022 119.5m 8 2.93 mm 1,050,110,493 37m
28. 07. 2022 91.5m 8 3.10 mm 1,051,622,829 38m

Scan registration itself took place in fully automated mode in the case of using reference balls. All
captured partial point clouds were successfully connected to create one unit defined by the general
united coordinate system based on the position of the scanner within one of the partial stations. The
output of subsequent data processing in the Trimble Realworks (TRW) software is a continuous cloud
of spatial points (hereinafter referred to as a “cloud”), describing in detail the scanned space. The results
of partial scan registration are shown in Figure 3.

Figure 3: The section of roadway No. I1/501/C in the surroundings of the geotechnical station

University of Wollongong
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An additional task following scan registration was to clean a point cloud so that the point cloud has no
elements that complicate the mutual alignment of clouds. All visible mine technologies (conveyor belt,
suspension track locomotive and others), cables, mine workers, and the like were removed to ensure
that only the roadway floor ground, sides and roof remain. The clouds cleaned in this way were
compared with each other. A difference scan will then enable to show the places and sizes of the
captured deformation changes.

Determination of deformation and mechanical properties of rocks

Deformation and mechanical properties of rocks have a significant influence on rock deformation
characteristic during stress measurement process by CCBO and CCBM probes. Texture and
composition of each rock type determine these properties. It is necessary to know deformation and
mechanical properties of rocks for correct determination of stress state in RM. In order to obtain the
information about the qualitative parameters of rocks, the basic deformation and mechanical properties
of rocks were studied. In particular, the bulk density pO the uniaxial compressive strength (UCS) obp,
Young’s modulus E, and Poisson’s ratio x4 were defined. The methodologies of determination of
deformation and mechanical properties were based on common technical norms (EN 1926) and ISRM
(International Society for Rock Mechanics) recommendations (Bieniawski and Bernede 1979 a,b).

Standard laboratory device equipment was used to determine deformation and mechanical properties.
The compressive strengths and deformation properties of rocks were tested using the ZWICK 1494
mechanical press machine with the special load cell using the LVDT (Linear Variable Displacement
Transformer) sensor. Four sensors were used to measure longitudinal deformation and eight to measure
transversal deformation (see Figure 4). The compressive test was carried out at the loading rate of
about 0.15 mm/min.

LVDT sensor for measurement of
transversal deformation - 8 pieces

Figure 4: Mechanical press machine with load cell
DESIGN OF ROCK MASS STRESS CHANGES MEASUREMENT AHEAD OF PANEL I11/501/C

The monitoring of the stress changes of the RM ahead the 11/501/C panel face was designed as one
monitoring station with a location in roadway 11/501/C in the station chainage of 296 m from longwall
face (see Figure 5). In order to monitor the stress changes of the RM due to longwall 11/501/C advance,
three holes were used. Three CCBM probes in total were placed in such a way that they monitored
independently the stress state of the rock mass ahead of the longwall face of longwall 11/501/C (CCBM1,
electronics No. 2, CCBM 2, electronics no. 3 and CCBM 3, electronics no. 4). The location of the CCBM
and CCBO probes are shown in Figure 6. The layout was designed with respect to the technical limits
of installation, limiting the maximum length of the installation hole and its incline.

Longwall 11/501/C, using the power loader technology, was situated at a depth of approximately 890 m
under the surface. The bedding of the seam is sub-horizontal. The strata dip oriented in the SSW,
direction is 7°. Exceptionally, the localised dip of the coal seam can reach up to 10°. Thickness of the
seam varied from 3.05 m up to 3.65 m. Average thickness of the longwall No. 11/501/C is about 3.4 m.

From the geomechanical point of view, the RM is formed with varied range of rock material and variable
physical-mechanical properties. The lithological sequence is complicated because the river
sedimentation markedly influenced the sedimentary process. The lithology was verified by upper
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exploratory hole T1 20 m in length at the projected location of GS. The lithological sequence in the
vicinity of the coal seam No. 501 is presented in Figure 6. In the area of the influence there are no
extracted longwalls and in the rock cover above the longwall no exploitation was carried out in the past.

<=
e
W,
NN
NG
W
%
PGG S.A. \.‘\,
Mine L
Staszic-Wujek
M.A. " Murcki |
Geotechnical station
PGG S.A.
Mine Mysfowice-Wesola
M.A. "Wesofa Il
" Om 200m 400m

Figure 5: Location of geotechnical station GS in relation to longwall 11/501/C

On the basis of the lithological development and other RM parameters, the installation holes were
designed and location of the conical probes were selected. CCBM1, CCBO1 and CCBM2 probes were
installed in the siltstone, while the CCBM3 probe was installed in the sandstone. To install the CCBM
and CCBO probes, three installation holes 76 mm in diameter were drilled. Only the last two meters of
these installation holes were cored to obtain samples necessary for the determination of the physical
and mechanical properties. The parameters of the installation holes are shown in Table 2.

Table 2: Parameters of the installation holes and CCBM(O) probes installed in roadway 11/501/C

Probe No. Stationing [m] Hole Hole No. Hole Probe Electronics Date of
direction incline depth [m] number installation
CCBO 1 291.7 70° 1 +38° 15.2 - 9.2.2022
CCBM 1 291.8 70° 1 +38° 16.0 2 10.2.2022
CCBM 2 296.3 75° 2 +58° 12.5 3 17.2. 2022
CCBM 3 286.6 60° 3 +19° 15.6 48 28.2. 2022
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view on the right side of the roadway

borehole diameter 76 mm
Borehole No.1 ccRo1
CCBO1 1=15.2

cCBMA i CCBM1
T0¢ iation from dway
dip of borehole +38"
1=16.0m

Borehole No.2 Conma

CcCBM2
75 deviation from roadway
dip of borehole 58°

1=12.5m
Borehole No.3
CCBM3
60°deviation from roadway
dip of borehole +19°
1=15.6m ;
o
om 10m 5 /
— e — I
F1r
Exploratory borehole T1
3.7m
1.1m coal
7.7Tm local coal fr
2.9m
= 0,5m mudstone
- 06m with coal interg y
4.5m with coal g

I 3.4m coal seam No. 501

Roadway I501/C claystone

Figure 6: Positions of the CCBM(O) probes and installatior_1 holes in relation to roadway 11/501/C
RESULTS AND DISCUSSIONS

Assessment of deformation and mechanical properties of rock

The evaluated results are shown in Table 3. Cylindrical samples with the length-to-diameter ratio
(slenderness ratio) about 2:1 (61 mm in diameter, 121 mm high) were used to determine these basic
properties. Bulk density was calculated from the sample dimensions and weight of the sample. Example
of typical stress-strain diagrams (sample No. 17 181/3) is presented in Figure 7. The typical failure
characteristic (sample No. 17 181/3) is shown in Figure 8.

Table 3: Bulk density po, UCS Ob, Young’s modulus E, Poisson’s ratio v of rocks tested

Sample No. Diam.[mm] | High [mm] Po op [MPa] | E [MPa] LI Rock type | Borehole No./depth [m]
tkg/m?]
17 1811 61.29 121.00 2627 59.1 25045 0.20 siltstone 1/15.2
17 181/2 61.17 120.84 2627 48.7 27 034 0.13 siltstone 1/15.4
17 181/3 61.27 121.16 2727 57.6 31 301 0.19 siltstone 1/15.6
17 181/4 61.27 121.02 2618 43.5 24 373 0.15 siltstone 1/15.8
17 181/7 61.22 121.33 2633 57.0 22178 0.23 siltstone 2/12
17 181/8 61.11 121.34 2647 82.7 20 590 0.15 siltstone 2/11.8
17 181/9 61.17 121.46 2636 42.3 17 214 0.29 siltstone 2/11.6
Average value 61.23 121.16 2640 53.3 23 067 0.19 - -
Deviation 0.06 0.19 35.3 13.6 4 604 0.05 - -
Coef. of var.[%] 0.1 0.2 1.3 25.5 20.0 27.6 - -

Using the known strength classifications of intact rocks (for an overview, see Bieniawski 1989), the intact
samples of siltstone taken from the installation boreholes can be classified as ,moderate strong* to
»Strong“ rocks. According to another classification of Hoek and Brown (1997), the siltstone tested in
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terms of the average value of UCS (53 MPa) measured on the intact samples also belong to the group
of ,strong”“ rocks, being placed at the lower limit of this category, i.e. at the transition to the group of
.medium strong” rocks.

Sample No. 17181/3
76
w 4
o
=) /
2 /
@
b
=
<
/ ~—=Relative transversal deformation [--]
16 / Relative longitudinal deformation [--] H
\ / Relative volumetric deformation [--]
0 > 1 T
-0.0015 -0.0005 0.0005 0.0015 0.0025 0.0035
Relative lateral strain [--] Relative axial strain [--]

Figure 7: Example of working diagram of the uniaxial compressive strength determination test

| 17181/3

17181/3

Figure 8: Typical failure characteristic of testing sample (left before test, right after test)

Due to the fact that the installation boreholes were inclined to the bedding foliation (borehole No. 1
+38°, Borehole No. 2 +58°), the results of deformation and mechanical properties are influenced or
rather reduced (e.g. Khanlari et al. 2014). The failure characteristics of all tested rock samples are
similar, as the bedding foliations were the predisposing surface for failure (see Figure 8).

The following deformation and mechanical properties were determined for probe CCBM1, which was
installed in borehole No. 1: Op = 52 MPa , E = 26.9 GPa, and ¢ = 0.17. Rock sample No. 17181/5 was
not considered due to the occurrence of a crack in the original sample. The following deformation and
mechanical properties were determined for probe CCBM2, which was installed in borehole No. 2: Op =
61 MPa, E = 20.0 GPa, and x = 0.22. The deformation and mechanical properties for the CCBO probe
were determined from rock sample Nos. 17181/2a 17181/3: Opo = 53 MPa , E =29.2 GPa, and x=0.16.

Assessment of initial stress tensor

Hole drilling, overcoring (using CCBO) and installation of CCBM probes were completed before starting
the longwall excavation. The locality of monitoring of the stress state and stress changes, including
spatial orientation (see Figure 6), were described in the previous chapter. Total stress tensor was
detected using the overcoring CCBO method in installation borehole No. 1. The overcoring process was
successful with 100 % percent core recovery (see Figure 9).

Interpreted principal stress values are shown in Table 4 and in Figure 11. If we consider the theoretical
value of gravitational stress of about 21 MPa (for the depth of 890 m below surface), then it is evident
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that the indicated values do not correspond to the theoretical idea of distribution of stress fields. It has
become apparent that the stress distribution is influenced by the geological properties. As mentioned
above, the determined deformation and mechanical properties were influenced by the orientation of the
bedding foliation in relation to the compressive loading in mechanical press machine. In the case of a
CCBO probe which was installed in a borehole with inclination +38°, the deformation and mechanical
properties can be reduced by up to 30% (see Figure 10). Given that the deformations of the RM caused
by overcoring process are recalculated on the basis of knowledge of the deformation and mechanical
properties, this factor is essential. It is important, that the proportions of stress components and their
orientation are not affected by this factor. Assessed magnitudes and spatial orientation of principal stress
components are given in Table 4.

W W st 1
l il ) R n.d;e"ﬂ lE."r \& X T S

Figure 9: Core recovery from overcoring
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160
—&— Sandstone type 1
—k— Sandstone type 2
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E 120
=
O 100 -
=
B0 -
60 T r v - T
0 15 30 45 B0 75 40
p——— -

Inclination angle, g (*}

Figure 10: Influence of orientation sedimentary foliation to UCS value (Khanlari et al. 2014)

Table 4: Values of principal stress components and their spatial orientation (CCBO)

Di Di
Maximum Dip of | Dip direction Medium of Dip direction Minimum ofp Dip direction
stress - S1 axis of axis stress - S2 ) of axis stress - S3 . of axis
axis axis
33.5 MPa -27° 357° 22.2 MPa -34° 247° 2.9 MPa -44° 116°

The results of the spatial distribution of all stress tensors from the overcored CCBO probe are presented
in Fig. 19a. In the figure, the directions of principal stress components are depicted using the
stereographic projection in the lower hemisphere. The maximum stress component axis is presented as
a ring, the medium stress component axis as a square and the minimum stress component axis as a
triangle.

Horizontal stresses, their magnitudes and directions are significant features of the stress distribution in
the vicinity of the roadway. That is why they were analysed in the course of our experiment.Their
directions and magnitudes projected onto the horizontal plane are shown in Figure 11. Sy means the
maximum horizontal stress and Sh means the minimum horizontal stress.

The calculated vertical stress value Sv (15.2 MPa) interpreted from the probe CCBO was influenced by
rock deformation and mechanical properties (see above). It is significant that the magnitude of the
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maximum horizontal SH component is twice the magnitude of the vertical stress component (vertical
stress of 15.2 MPa). Thus, the previously observed trend from Czech part of the Upper Sillesian Coal
Basin (USCB) that the maximum stress is predominant in the horizontal plane (Waclawik et al. 2018,
2019, 2020), has been confirmed.

o N o

330 30

\. S1

@335
3000 - réoc _, _‘600
W DS get tspe: R E
2 AP~ S3 90°

W222 / |\ A29

240° ) 120° 120°
210° s 150°

Figure 11: Spatial orientation of principal stress components calculated from CCBO probe (left)
and directions of horizontal stresses (right) calculated from CCBO probe (black double dashed
line represents direction of roadway No. 11/501/C)

The significance of the effect of the maximum horizontal stress component Sn was also confirmed by
the observed borehole breakout. These borehole breakouts in the direction perpendicular to the direction
of the maximum stress were recorded during the video inspection of exploratory borehole T1 and the
installation boreholes No.1 and 2 at the monitored location (see Figure 12).

IT/501/C st.296 mRoldMcEiein y
IEL0P (0] St e el

Figure 12: Example of breakouts at the exploratory borehole T1 and installation borehole No. 1

The trend of significantly greater maximum horizontal stress (St) compared to vertical stress (Sv) has
been confirmed in several world coal basins and also in the Czech part USCB. This trend was also
confirmed in the Mine Staszic-Wujek, where the measured maximum horizontal stress component Sh is
approximately 2 times higher than the vertical stress Sv. To minimise the damage to mine roadways,
orientation of the roadways and longwall gateroads should be close to the direction of the maximum
horizontal stress (Sh).

Monitoring of stress changes ahead of longwall face

Longwall mining started on 5st April 2022 while now, all stress probes are situated in the goaf area of
the longwall and stress changes monitoring is completed. Stress changes on CCBM probes (CCBM1
and CCBM2) ahead of the advanced longwall face are presented here. The CCBM3 probe failed due to
technical damage in the initial monitoring stage. The measured stress changes (stress tensor
components of Sigma 1, Sigma 2 and Sigma 3) ahead of the longwall face advancing towards the probes
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CCBM 1 (electronic No. 2) and CCBM 2 (electronic No. 3) are documented in Figures 13 and 14. Stress
tensor components are graphically distinguished.
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Figure 13: Changes in the stress tensor components (Sigma 1 — maximum, Sigma 2 — medium
and Sigma 3 minimum) depending on the distance from the edge of the longwall face (probe
CCBM 1)

Dependence of stress changes (Sigma 1, Sigma 2 and Sigma 3) on distance to the longwall face
(11/501/C) measured on the CCBM1 probe is depicted in Figure 13.

This probe was installed into the siltstone roof over the mined area of the longwall (see Figure 6).
Increase of significant stress changes started 90 m ahead of the longwall face as shown in the graph
(Figure 13). The minimum stress component Sigma 3 gradually relieved to -7.3 MPa at 43 m ahead of
the longwall face. The medium stress component of Sigma 2 relief was slightly more than -1 MPa and
approached -0,5 MPa at location 43 m ahead of the face. The maximum stress component of Sigma 1
increased and it reached its maximum (3.7 MPa) at the distance 43 m from the longwall face (24t August
2022). Unfortunately, the monitoring of this probe could not continue because the power supply cable
of probe CCBM1 was damaged. Repairs of the power supply cable were not allowed for mining safety
reasons.
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Figure 14: Changes in the stress tensor components (Sigma 1 — maximum, Sigma 2 — medium
and Sigma 3 minimum) depending on the distance from the edge of the longwall face (probe
CCBM 2)

Dependence of stress changes (Sigma 1, Sigma 2 and Sigma 3) on distance to the longwall face
(11/501/C) measured on the CCBM2 probe is depicted in Figure 14. This probe was installed into the
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siltstone roof over the mined area of the longwall (see Figure 6). Increase of significant stress changes
started at the distance 95 m from the longwall face as shown in the graph (Figure 14). The minimum
stress component of Sigma 3 gradually relieved reading -8 MPa when 82 m ahead of the longwall face
where it remained at that value until 34 m from the face. The medium stress component of Sigma 2 also
measured stress relief of -4 MPa when 85 m ahead of the face. Further relief of approximately 6 MPa
was observed until 34 m from the longwall face. The maximum stress component of Sigma 1 increased
by 3 MPa when 85 m ahead of the face. At that distance of approximately 85 m from the longwall face
(25" July 2022), there was a rapid drop in all stress components. This decrease is related to the
stoppage of the longwall due to geological problems experienced in the previous week (see Figure 15).
The maximum stress component of Sigma 1 again increased from 18" August (distance longwall face
— CCBM2 probe at 55 m). Subsequently, the maximum stress component of Sigma 1 increased and
reached 1 MPa at distance 43 m from the longwall face (24t August 2022). The power supply cables of
CCBM2 probe was also damaged, as in the case CCBM1 probe. Repair of the power supply cable were
not allowed due to mining safety reasons.
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Figure 15: Daily and weekly advance of longwall face 11/501/C

Deformation analysis by 3D laser scanning

As already described above, scanning of roadway No. [1/501/C took place in 5 campaigns on
20/04/2022, 26/05/2022, 22/06/2022, 14/07/2022 and 28/07/2022. From the viewpoint of the distance
from the longwall, point clouds were compared with each other at distances of 285 m, 198.5 m, 165 m,
119.5 and 91.5 m from the longwall. Mutual comparisons can be seen in Figures 16 to 20.

Figure 16 shows that no changes have occurred and the changes detected in dark blue (0.0001 — 0.03
m) represent the unchanged state. The deformations of the steel arch reinforcement are not visible. The
green colour detects changes in cables, pipes.

ooooo

Figure 16: View of the geotechnical station; comparison of changes 285 m x 198.5 m ahead
from the longwall face
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The scaned data in Figure 17 show that there have been no significant changes to the reinforcement,
the blue colour still represents minimal changes in range (0.0001 — 0.05 m). On the contrary, changes
from 0.5 m and more are represented by green to red colour (1 m), but these are devices that were
imported into the corridor (boxes, pipes, etc.).
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Figure 17: View of the geotechnical station; comparison of changes 198.5 m x 165m ahead
from the longwall face

In this comparison in Figure 18, there are noticeable changes characterising the changes in the view of
the transport of material to the longwall, small, gradual changes in the reinforcement begin on the pillar
side. However, the green and yellow colours are not representative, as they are places not scanned
(blocking the laser beam by the ventilation pipe).
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Figure 18: View of geotechnical station; comparison of changes 165 m x 119.5 m ahead from
the longwall face

Figure 19 represents the beginning of floor heave, as well as the movement on the pillar side of the
roadway. The pillar side of the roadway, which was already more visible at the time of scanning than in
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previous campaigns, also enters the comparison, which is already better, but not optimal. Changes 0-5
cm are in blue colour while the green colour changes represent 15 cm of movement.

EE=eTT

FEE

200am27

1890098

1sses5

1smmen

pETT

136708,

1090000

D708

750317

082808

D303

Bas0s

s

oon0aee

g

Figure 19: View of the geotechnical station, comparison of changes 119.5 m x 91.5 m ahead
from the longwall face

Figure 20 represents the detected changes within the comparison of the 15t and 5% campaigns, i.e.
distances of 285 m and 91.5 m from the longwall face. The blue colour here represents changes of 0-
12 cm, the green colour represents changes of 20-40 cm. These changes are particularly noticeable on
the pillared side of the rodway. The yellow colour is not a reference colour, because the sections length
was different (34 x 38 m). In general, it can be stated that the first changes are by no means large as
detected at the time when the longwall was located approx. 90 m from the GS, which correspond with
deformation monitored by CCBM1 a CCBM2 probes.
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Figure 20: View of the geotechnical station, comparison of changes 285 m x 91.5 m ahead from
the longwall

SUMMARY AND CONCLUSIONS

The objective of the stress monitoring carried out in the forefield of the coalface No. 11/501/C was to
verify the original state of the rock mass stress tensor and to study stress changes during the coal seam
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exploitation. In this case, stress changes in rock can be expected due to stress re-distribution ahead of
the the longwall face.

The theoretical vertical stress at a depth of 890 m, where the primary rock stress measurement was
carried out, was calculated to be approximately 21 MPa. The interpreted rock vertical stress (Sv) of 15.2
MPa from the CCBO probe was affected by orientation of bedding foliation to the direction of loading
axis during compressive test of rock samples. In the case of a CCBO probe which was installed in a
borehole with inclination +38°, the deformation and mechanical properties were reduced up to 30%. The
magnitude of the maximum component of the horizontal stress (Su) is significant. The maximum
horizontal stress component Sy (30 MPa) is approximately 2 times higher than the observed vertical
stress Sv (15.2 MPa). The previously observed trend that the maximum stress value is caused in the
almost horizontal plane was thus confirmed.

The expected changes in the rock stress caused by the strata loading ahead of the longwall face were
recorded by the CCBM monitoring probes. Based on the evaluation of CCBM probe, the increase of
significant stress changes started at the distance of 85 - 90 m from the longwall face. The development
of stress change components monitored by the CCBM probes correspond to the experience of stress
changes ahead of the longwall face during the longwall mining in the Carboniferous rock mass of Czech
part of the USCB.

According to the pulse 3D scanner displacement measurements, we can state that the deformation
changes are particularly noticeable on the pillar side of the roadway. In general, it can be said that the
first deformation changes are by no means large as detected at the time when the longwall was located
90 m from the geotechnical station. These findings correspond to the measured direction of the main
horizontal stress Sh, which is almost parallel to the mine roadway 11/501/C. The favourable roadway
direction resulted in observed better roadway conditions.
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