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Abstract: The paper presents the results of long-term continuous measurements of the deflection
of the roof layers in the underground copper mine Polkowice-Sieroszowice, Poland belonging to
KGHM Polska Miedź S.A. The measurements were performed with the use of the inclinometric
method consisting of continuous registration of changes in the angle of inclination of the roof strata.
The measurements were carried out using an inclinometer sensor fixed to the end of a rockbolt in
the roof. Measurements presented in the article were made in various regions of the underground
mine. The monitoring covered: The exploitation front, machinery chamber and the region of the
experimental longwall mining of copper ore. The obtained results proved the usefulness of the
developed method in the process of the evaluation of the stability of mining excavations. The sensors
were highly sensitive and performed the measurements in a simple way; highly accurate and reliable
results were obtained.
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1. Introduction

Underground mining of a deposit is accompanied by a continuous process of de-
formation of the rock mass layers. This phenomenon may be observed both at the level
of mining excavations as well as on the ground surface, creating subsidence troughs. In
the case of underground workings, the progressing deformation of rock is related to an
increase of geomechanical hazards (e.g., rock bursts, collapses, rock and gas outbursts),
which significantly decreases the safety of work in underground conditions. One of the
common threats observed in Polish copper mines is a loss of workings stability in the form
of roof falls. Generally, this phenomenon can be defined as a sudden and uncontrolled fall
of roof rocks right into the excavation [1–4].

Due to a severe risk associated with roof falls, several studies are being carried out to
assess the possibility of this type of phenomenon. The scope of these tests includes seismic
measurements that allow determining the change of seismic wave propagation parameters
depending on the degree of deformation of the rock mass [5], microseismic monitoring [6,7],
acoustic emission [8–10], measurements of roof layer delamination and displacement using
strain gauges [11] and optical fiber [12] and monitoring of electromagnetic radiation [13].
In recent years, attempts have been made to use slope changes to monitor the stability of
rock layers, both in underground [14,15] and opencast mining [16,17].

In the case of underground mines owned by KGHM Polska Miedź S.A. the collapse
phenomenon is considered to be the spontaneous fall of the roof rocks to the height of the
used bolting casing or above that height [18]. Standard evaluation of roof fall risk is based
on observation methods including:

• visual observations of the roof condition,
• roof layer delamination indicated by roof separation gauges in the form of falling

wooden plates,
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• testing of roof layer delamination with the endoscopic examination of roof holes,
• measuring the load capacity of the rockbolt rod using a dynamometric wrench,
• observation with the use of wooden wedges of cracks visible on the exposed surface

of the roof [19].

In recent years, an inclinometric method has also been tested and applied. This
method consists in registering changes in the roof inclination angle using an inclinometer
sensor, rigidly attached to the tip of the rockbolt installed in the roof [20]. The article
presents the results of the measurements of the deflection of the roof layers carried out in
the Polish copper ore mine Polkowice-Sieroszowice owned by KGHM Polska Miedź S.A.
The presented research was carried out in various regions of the underground mine. The
monitoring covered such areas as: The mining front, the machinery chamber and the area
of experimental copper ore mining with the use of continuous miner (longwall system).

2. Characteristics of the Research Object

The deposit areas managed by the Polkowice-Sieroszowice mine are located in Lower
Silesia voivodship in south-western Poland. KGHM Polska Miedź S.A. manages one large
copper ore deposit, which has historically been introduced into production in stages in
separate mining areas. Currently, KGHM Polska Miedź has seven mining areas under
the obtained mining concessions. Polkowice-Sieroszowice Mine conducts its basic activity
in four mining areas: Polkowice, Radwanice-Wschód, Sieroszowice, Gaworzyce, and in
the mining area of Głogów Głęboki-Przemysłowy, where an investment project related to
obtaining the concession for exploitation of this deposit is under progress (Figure 1).
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Figure 2. Geological cross-section of the copper ore in the Fore-Sudetic Monocline [22]. 

  

Figure 1. Location of the Mining Areas belonging to the Polkowice-Sieroszowice mine.

Copper ore in the mining areas used by the Polkowice-Sieroszowice mine is poly-
metallic in nature; apart from copper, silver is another important metal. The copper-silver
sulphide mineralization that forms the deposit is characterized by a certain variability and
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may, in various proportions, include sandstone rocks, shales and carbonate rocks. In the
deposit areas at the disposal of the Polkowice-Sieroszowice mine, carbonate and shale
ore are dominant, accounting for over 77% of the excavated ore, the remaining 23% is
sandstone ore. Figure 2 shows the average lithological profile of copper deposits. The ore is
excavated with the use of various versions of room and pillar systems with roof deflection,
technically adapted to the local geological and mining conditions. The progress of the
exploitation front ranges between 16 m/month and 25 m/month and mainly depends on
bed thickness. At the moment copper ore is mined using blasting techniques [21]. In 2020,
the mine produced about 12 million tons of ore, which amounted to 191 thousand tons
of copper.

Figure 2. Geological cross-section of the copper ore in the Fore-Sudetic Monocline [22].

3. Materials and Methods
3.1. The Inclinometric Method of Evaluating the Roof Stability

Preliminary research on the inclinometric roof monitoring method was conducted in
2011–2017 and was widely described in the publication [20]. The assessment of roof layer
stability is performed using inclinometer sensors (CNSs) and a wireless communication
terminal (Elfin, Wrocław, Poland) (Figure 3). The measuring equipment was developed for
the inclinometric method. The measuring elements of the tilt sensor are micromechanical
silicon elements (MEMS) with a measuring range of −90◦ to 90◦.

The measuring system is placed in a 94 mm × 94 mm × 57 mm rugged box and
powered by a 3.6 V. The total weight of the sensor amounts to 300 g. There is an indicator
diode in the casing of the sensor. Inclination sensors are measured with a resolution of
approximately 0.005◦. Data transmission is performed using a communication terminal.
The terminal allows configuring the CNS as well as to download data. In underground
conditions, the distance between the sensor and the terminal should not exceed 10 m.

Measurements of angle changes are performed in the horizontal plane of the sensor
in two perpendicular directions X and Y. Measurements are performed with a pre-set
frequency (min. 1 min). During the tests presented herein the sampling rate of one record
per sixty minutes was used.
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Figure 3. Measurement equipment (the TK communication terminal + the CNS-2 inclinometer) [20].

Figure 4 shows a schematic representation of the sensor operation. The sensor assumes
positive or negative values depending on the direction of its deflection. As a rule, the sensor
axes are oriented in relation to the axis of the excavation. The floor area and the initial slope
of the rockbolt’s rod are irrelevant as the measurement is relative.

Figure 4. Operation diagram of inclinometer [20].
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In the inclinometric method, the so-called criterion for assessing the stability of roof
layers was used (Figure 5). It is a curve illustrating the stages of roof destabilization as a
function of time and the size of the slope angle change [20].

Figure 5. Criterion curve of roof layer destabilization [20].

Based on the collected database a real-time warning algorithm has been developed for
operational purposes. This algorithm allows to inform about individual destabilization
thresholds [20]. The developed algorithm was implemented into the build-in sensor
software. Based on the monitored current measurement results of the slope changes, the
occurrence of the second or third phase of destabilization of the roof layers is signaled by
a diode built into the casing. The performed validation of the measurement method has
shown that the optimal roof monitoring radius is that of approximately 30 m.

3.2. Regions Subject to Observation of Changes in the Deflection of the Roof

The results presented in the article were obtained from three regions related to different
functions of the underground mine activity. The monitoring covered:

• Exploitation front of SI-XI/4 panel,
• Machinery chamber (KMC) C-30D,
• The area of experimental mining of copper ore with the longwall system in the

A-5/1 panel.

The monitoring in the area of the exploitation front of the SI-XI/4 mining panel was
aimed at the evaluation of a roof collapse hazard possibility. The deposit of the area is
surrounded by the Rotliegend Sandstones (in the roof) and the Zechstein carbonate rocks
(in the floor). The thickness of the deposit was about 2.5 m. The roof consists also of gray
and calcareous dolomites with an average thickness of 11 m. Anhydrites with a thickness
of 34 to 96 m were deposited above.

Exploitation in the SI-XI/4 panel was carried out by a room and pillar mining system
with a roof deflection. The deposit was cut with room and pillars with a basic geometry
of 5 ÷ 9 m × 6 ÷ 16 m. The width of the single mining face during the cutting phase is
about 7 m while the height of the excavations is dependent on the thickness of the exploited
deposit. The length of the exploitation front was about 500 m. Exploitation in the panel
was carried out at a depth of about 1000 m. Due to the progress of the exploitation front,
the measurement system was modified during the observation phase. The sensors CNS
217, CNS 220, CNS 225 and CNS 228, initially located in the gob area, were moved closer to
the deposit cutting line (Figures 6 and 7). On the other hand, CNS 218 and CNS 221 sensors
were located at one measuring point throughout the entire measurement period.
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Figure 6. Location of measurement stations against the background of mining excavations at the start
of the measurements.

Figure 7. Location of measurement stations against the background of mining excavations at the
completion time of the measurements.

According to the definition existing in Polish copper ore mines, heavy machine cham-
bers are long-life underground workings in which the mining crew and machines are
constantly present. Still, such workings are located in close vicinity to active mining panels
and are subjected to the seismic load occurrence in the form of blasting waves or mining
tremors. Therefore, in order to provide safe working conditions, a real-time measurement
system allowing for quick and reliable information about increasing thread of potential
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excavation instability is required. The pace of decision making is one of the factors affecting
the safety of the working crew. Therefore, in this particular case, a modified measurement
system was installed that enables on-line communication. Sensors installed in the excava-
tions are connected by a teletechnical line with a concentrator. This device monitors the
operation of the measuring system, collects the data, and if needed, sends it to concerned
persons. In the central part of the KMC C-30D chamber, three sensors were installed on the
two measuring stations (Figure 8). Two sensors are installed on the first stand, one on the
roof of the excavation (1s) and the other on the side of the pillar (1o). The second measuring
station was located about 30 m from the first in the adjacent excavation. In this case, one
sensor was installed on the roof of the excavation (2s). The sensors were connected to a
capacitor (CON) located near the switch enabling it to be connected to the internal LAN
of the mine. At the time of the beginning of the observation, the KMC C-30D chamber
was located approximately 1800 m from the operational front line of the PO-I field. At the
time of the observations, decommissioning works were the primary works carried out in
this field. However, in the area of the KMC C-30D chamber, large-size pillars were cut. In
Figure 9, these pillars are marked in purple. The monitored chamber was located at a depth
of about 750 m.

Figure 8. Location of the measuring stations in the C-30D chamber.

The deposit in the A-5/1 mining panel was selected with the experimental longwall
system with the controlled deflection of the roof with the use of a wooden support stack.
The thickness of the deposit in this panel ranged from 0.35 m to 3.2 m (1.6 m on average).
The deposit included the lower part of the carbonate rocks (dolomite) and the cuprous
shale. The deposit was mined by means of a continuous miner, with the working space
secured with powered support (ACT longwall complex). The cross section of wooden
stacks was approximately 1 m2 at a pitch of 1 stack per 28 m2 of the exposed roof (Figure 10).
Exploitation in the panel was carried out at a depth of about 740 m. The research shows
that the excavation with the longwall system was accompanied by periodic, extensive
collapses of roof rocks in the excavated space. Due to the experimental nature of this
excavation method, measurement systems were installed in the area of the panel, enabling
the monitoring of the roof layers. For this purpose CNS inclinometer sensors were used.
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In the area of the longwall face, three measuring stations were set up. Two stands were
located in the headgate (site 1 and site 3), while one site was located in the tailgate (site 2).
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Figure 10. Location of measurement sensors against the mining situation in the A-1/5 panel.
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4. Results

The results obtained with CNS inclinometer sensors installed in the three analyzed
locations are presented below. Measurements of the angle changes were made in the
horizontal plane of the sensor in relation to the perpendicular X and Y axes with a data
sampling of every 60 min. As a rule, the sensor axes were oriented along the axis of
the excavations.

Figures 11–16 show the measurements of the roof deflection changes observed in
the SI-XI/4 panel. The breaks in the measurements visible in Figures 12–14 and 16 are
caused by the lack of observation related to the change in the location of the sensor. The
monitoring was carried out between 23 June 2020 and 12 January 2021. Figure 14 shows
the monitoring of the measurements obtained with the CNS 227 sensor that ended on
28 November 2020. The completion of the measurements within this period was caused
by the reconstruction of the excavation in which the sensor was installed. Depending on
the location of the measuring sensor, differences in the changes of the roof inclination were
observed. A clear shift in the inclination changes trend on both components was observed
on the sensors located in the central part of the panel (CNS 218 and CNS 220). In the case
of sensors located on the left side of the panel (CNS 217 and CNS 227), the mining situation
in the vicinity of the sensors had an influence on the recorded deflection. The left part of
the SI-XI/4 panel borders with the gob area of the SI-XI/3 panel. The deflection of the
roof caused by these gobs is visible in the measurements carried out with the CNS 227
sensor. From the beginning of the observation to mid-October, there was a clear deflection
of both components due to the progressing process of the SI-XI/4 exploitation panel and
the vicinity of the exploited SI-XI/3 panel. After this period, the sensor was installed in a
new location.

Figure 11. Changes in the slope (X and Y components) recorded by the CNS 221 sensor in the
SI-XI/4 panel.
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Figure 12. Changes in the slope (X and Y components) recorded by the CNS 225 sensor in the
SI-XI/4 panel.

Figure 13. Changes in the slope (X and Y components) recorded by the CNS 217 sensor in the
SI-XI/4 panel.
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Figure 14. Changes in the slope (X and Y components) recorded by the CNS 227 sensor in the
SI-XI/4 panel.

Figure 15. Changes in the slope (X and Y components) recorded by the CNS 218 sensor in the
SI-XI/4 panel.
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Figure 16. Changes in the slope (X and Y components) recorded by the CNS 220 sensor in the
SI-XI/4 panel.

The location of the sensor between the pillars characterized by larger dimensions
(20 × 9 m) than the pillars located in the panel (7 × 9 m) is reflected in the registration
of the slope of the roof layers. For the period of about one month (until the completion
of the measurements at this stand), the range of registered changes in the roof deflection
did not exceed the value of 0.06◦. In the case of the CNS 217 sensor, the recorded angle
values on both components are approximately constant throughout the observation period.
This situation is caused by the “remnant of the deposit” (part of the deposit to be left
without operation), in the area in which the sensor has been installed. The analysis of the
data recorded with the CNS 217 sensor showed that leaving a part of the deposit without
exploitation disturbs the technological process of deflection of the roof layers. Regarding
the measurements carried out with sensors located on the right side of the SI-XI/4 panel, it
should be noted that the panel borders here with the undisturbed rock mass of the SI-XI/5
panel. Such a mining situation has an impact on the level and nature of the deflection of
the roof layers (Figures 6 and 7). On both sensors, the deflection is observed mainly in the
Y component (oriented parallel to the line of the exploitation front in the panel SI-XI/4).
However, in the case of the X component, a relatively constant level of the recorded values
of the inclination angle of the roof layers is observed.

The ranges of the registered changes in the angle of inclination of the roof layers of
the entire panel ranged from 0.1◦ for the CNS 217 sensor (X component) and up to 0.5◦

for the CNS 218 sensor (X component). The greatest changes were observed in the central
part of the mining panel. On the other hand, the smallest deflection was observed on the
right side of the panel (sensors: CNS 217 and CNS 227). Measurements obtained with the
CNS 221 sensor should be discussed (Figure 11). In this case, changes in the relatively
regular decreases of roof inclination were observed. The value of the measured angle was
up to approx. 0.05◦. The observed changes correlate well with the operation of the mine’s
ventilation system. The decrease begins when ventilation is turned off and ends when
it is restarted. These activities are related to the weekend or holiday break of the mine’s
operation. This phenomenon was also identified in the course of observations carried out
using other measurement methods [23–25]. The performed analyzes showed that the main
factor causing the changes caused by switching off the ventilation system is the location of
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the sensor in the strong current of air ventilating the excavation. In the case of the CNS 221
sensor, a free-flow fan was installed in its location, the purpose of which was to ventilate
the workings located in the area of the faces.

In the case of the measurements carried out at KMC C-30D, the results of the monitor-
ing during the period of 20 August 2019–28 July 2021 are presented. Two locations were
included in the observations. The first one covered the excavation located in the central
part of the chamber. Two sensors are installed there. One is located on the roof (Figure 17).
The second sensor at this work station was mounted on the side of the pillar, in a sandstone
rock (Figure 18). Previous experiences from examination of roof deflections show that the
deformation process of a mining excavation firstly occur in the sandstone layers [26]. This
is due to the much lower compressive strength of sandstone rocks (Rc = 25 MPa) compared
to dolomite rocks (Rc = 180 MPa). The second work station (2s) was located on the roof
of the excavation, serving as a transport route between KMC and the PO-I exploitation
panel (Figure 19). According to the authors, the applied configuration of the measurement
system should allow identifying the beginning of the deformation process of the chamber
workings caused by the approaching operational front. The analysis of the obtained results
showed a clear influence of the seasons on the recorded parameters. The observed changes
in the angle of inclination between summer and winter were:

• in the case of the X component, approximately 0.05◦,
• in the case of the Y component, approximately 0.08◦.

Figure 17. Changes in the slope (X and Y components) recorded at the first station with the sensor
installed in the roof of the excavation (1-S).
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Figure 18. Changes in the inclination (X and Y components) registered at the first station with the
sensor installed in the pillar side (1-O).

Figure 19. Changes in the slope (X and Y components) recorded on the second station with the sensor
built into the roof of the excavation (2-S).

Additionally, at work station 2-S, there is a deflection of the roof layers caused by
cutting works on large-size pillars (marked in purple, in Figure 8). These pillars were
located about 400 m from the measuring station. The registered changes are characterized
by a slight but noticeable trend of deflection of both of the components. The range of these
changes is 0.15◦ for the component X and 0.09◦ for the Y component.
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The last observation was related to the monitoring of the roof layers’ deflection within
the experimental panel of copper ore exploitation with the longwall system (panel A-5/1).
Measurements were carried out at three different stations in a period of 07.2014 to 10.2014
(Figure 10). Stations 1 and 3 were located in the headgate (Figures 20 and 21), while site 2
was built in the tailgate (Figure 22).

Figure 20. Changes in the inclination (X and Y components) recorded at station 1.1 located in
the headgate.

Figure 21. Changes in the inclination (X and Y components) recorded at station 1.3 located in
the headgate.
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Figure 22. Changes in the inclination (X and Y components) recorded at station 1.2 located in
the tailgate.

The X component was oriented parallel to the workings axis while the Y component
was situated perpendicular to it. The ranges of the recorded changes in the angle of
inclination are clearly different for both of the components. In the case of component X,
the lowest value equal to 0.1◦ was recorded on work station 1, and the highest—on work
station 2, equal to 0.4◦. In turn, when analyzing data recorded in the Y direction one may
conclude that the highest value of inclination, equal to 0.8◦ was recorded at station 1. In the
case of the remaining two stations, the same value equal to 0.6◦ was recorded. During the
conducted monitoring, in the area of the roof deflection monitoring, there were two roof
falls within the excavated area (Figure 10). Figures 20–22 (a vertical line) the moment of
the roof fall occurrence. The analysis of the obtained data showed that clear changes in the
inclination were observed both before and after the occurrences of the roof falls.

5. Discussion

The performed measurements allowed us to obtain a database on the characteristics
of roof deflection in various sectors of the underground mine. In the case of measurements
carried out in the area of the exploitation front, the impact of the location of the monitoring
station and mining conditions on the level of the registered deflection of the roof layers
is noticeable. According to the performed analyses, one may conclude that the greatest
deflection is observed in the central area of the mining panel, where the impacts related to
the deflection caused by the progress of the mining front and the panel width accumulate.
In the case of contour galleries, the magnitude of roof inclination is strictly related to local
geomechanical conditions and mining situation (vicinity of excavated area, undisturbed
rock mass, leaving a part of the deposit unexploited). In the case of sensors installed in
the SI-XI/4 panel, the observed changes in the inclination were characterized by a slow
and steady trend of inclination changes. During the analyzed period, none of the sensors
signaled the deterioration of the conditions of the excavation stability and no such situation
took place.

Examples of correlation between the recorded deflections and the occurring cases of
roof falls occur in the case of monitoring carried out in the area of the A-5/1 panel. In



Mining 2022, 2 29

accordance with the adopted exploitation technology, the periodically occurring falls of the
roof layers constituted an excellent testing ground.

The collected material made it possible to identify and characterize the process of the
stability loss of the roof layers. The conducted analyses showed that the phenomenon is
preceded by a clear acceleration of the process of deflection of the roof layers, occurring in a
short period of time, i.e., from a few to up to several days. The level of the registered changes
is significantly affected by the location of the sensor in relation to the observed phenomenon.

The performed analyzes showed that the sensors located within 30 m from the roof fall
clearly indicate the process of loss of stability. However, in the case of the sensor located far
(more than 30 m) from the place of the roof fall, we observe slight changes in the inclination
of the roof layers. These changes are caused by a change in the state of stress in the area of
the excavation affected by the roof fall.

The inclinometric method to assess the stability of excavations uses two parameters:
The value of the registered slope and rate of changes of the measured angles. The results
of the performed tests of stability loss of the roof layers leading to the roof fall show that
this is a clearly determined phenomenon. It is preceded by a characteristic process of
destruction of the roof rocks described using the recorded changes of inclination of the
angle of the inclinometer. Three phases of destabilization can be separated in this process,
for which duration intervals and measured angle change ranges were determined. This
knowledge was the basis for the development of the so-called stability criterion of the roof
layers, which in a simplified way reflects the rate of the roof layer destruction process
(Figure 5). The obtained time differences of the particular phases mainly reflect a different
geological structure of the roof layers and the applied additional protections (e.g., of the
hydraulic prop support) or their lack. Regarding the differences in measured inclination
angles, the location of the sensor in respect to the center of the collapse has a very large
impact on the measured value. For tectonically undisturbed roof surfaces, the maximum
monitoring range of the inclinometer is about 30 m. It was found that, depending on the
distance between the place of deterioration of the roof stability and the location of the
test stand, the range of the measured slope changes will be different. At the same time,
analysis of the measurement data has shown that the nature of these changes for sensors
installed at different distances from the center of the collapse will be similar. Therefore
the values measured in the central zone will be substantially higher than the limit of the
sensor monitoring range. The developed criterion of the roof rock destabilization has found
practical application in the form of a signaling algorithm implemented in the inclinometer.
The sensors have been equipped with a signaling diode, which informs about the present
phase in which the working roof is located using an appropriate color. In case of Polish
copper ore mines, this is the first, and currently the only quantitative measurement method
enabling estimation of the roof collapse risk occurrence [20].

One issue that needs to be discussed is the influence of ambient temperature changes
on the measuring system. This phenomenon was observed with the sensors installed in the
chamber of KMC C-30D machines. Conducting measurements in one location for a long
period of time (about two years) allowed to record data enabling the identification of such
a phenomenon. On the other hand, the main factor influencing the registered changes is
the location of the measuring stations. Both sites where such changes occurred are located
in the fresh air ventilation zone. Additionally, in the vicinity of the analyzed area, there
is a ventilation shaft, which supplies fresh air to the mine workings (about 2 km away).
Sensors situated in such a way were in the zone of influence of clear, seasonal changes
in air temperature. The described changes are not clearly visible in the case of sensors
situated closer to the operational front, where large fluctuations in temperature are not
recorded [27]. The conducted analyses and experiments related to the implementation of
inclinometer measurements allow us to formulate a statement that the identified changes
may be caused by two factors. The first one is the influence of the temperature on the
accuracy of the inclinometer sensor. Despite the application of the correction taking into
account the temperature coefficient (provided by the sensor manufacturer), there is always
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a small indication error, with which we can deal in this case. In addition, changes in types
of used rockbolt to which the sensor is attached should be taken into account as well. In
the case of the analyzed locations, there may occur clear, seasonal temperature fluctuations
(up to about 15 ◦C). Such values of temperature fluctuations may contribute to a change in
the shape of the rockbolt’s rod described by the coefficients of the linear and volumetric
expansion of the steel. These will be small changes (tenths or hundredths of a millimeter);
however, it should be noted that the changes observed at the stations located in the area of
the KMC C-30D chamber are very small and reach values of hundredths of a degree. Their
identification was only possible due to the use of very sensitive measuring devices. In the
case of inclinometer sensors (CNS), their measurement resolution is approximately 0.005◦.

6. Conclusions

The results of the roof layer deflection measurements presented in the article were
obtained in studies carried out in various regions of the underground mine (mining front,
heavy machinery chamber, and the area of experimental copper ore extraction with the
longwall system). The measurements were carried out in accordance with the assumptions
of the inclinometric method consisting of continuous registration of changes in the angle
of inclination of the roof strata. The obtained results showed the great usefulness of the
inclinometric method in the process of assessing the stability of mining excavations. The
use of high sensitivity sensors along with the simple method of carrying out measurements
and the high accuracy of the results obtained prove the practical usefulness of this method.
At the same time, it is a versatile method that can be used to monitor mine workings with
different functions. It should be noted, however, that the methodology for conducting
measurements and interpreting measurement data is adapted to the geological and mining
conditions of Polish copper ore mines. An attempt to use the inclinometric method to
assess the stability of the floor layers in other conditions requires the implementation of
appropriate research and development works.

Author Contributions: Conceptualization, L.S. and K.S.; methodology, L.S.; software, L.S..; valida-
tion, L.S. and K.S.; formal analysis, L.S.; investigation, L.S.; resources, K.S.; data curation, L.S and K.S.;
writing—original draft preparation, L.S.; writing—review and editing, L.S. and K.S.; visualization,
L.S. and K.S.; supervision, L.S.; project administration, L.S.; funding acquisition, L.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the Polish Ministry of Science and Higher Education (grant
number 554/E-578/S/2011) and commercial grant (number B/16/0070).

Data Availability Statement: The study did not report any data.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Chudek, M. Rock Mass Mechanics; Silesian University of Technology Publisher: Gliwice, Poland, 2010.
2. Bajpayee, T.S.; Pappas, D.M.; Ellenberger, J.L. Roof instability: What reportable non-injury roof falls in underground coal mines

can tell us. Prof. Saf. 2014, 59, 57–62. [PubMed]
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