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Abstract. The paper presents a case study of the influence of performed
mining exploitation on a historic church building and provides a prediction
of the effects of the planned exploitation. Due to properly designed and
performed structural protections of the building, the exploitation without
causing damages to the building’s structure was possible. The calculation
results indicate that also the planned exploitation should not induce any
structural damages to the building. The presented example exhibits the fact
that exploitation is possible in areas of this type of buildings if adequate
protections are applied and extraction field locations are correctly planned.
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1 Introduction

In Upper Silesia, underground hard coal exploitation has been conducted for over 200
years. The exploitation is a cause of a number of transformations of the natural environment
[1-4], as well urban infrastructure [3-9]. Irrespective of the geological and mining
conditions, the transformations are accompanied by continuous deformations in the form of
subsidence and resulting phenomena. The deformations have been the cause of damages of
many buildings, raising public opposition against mining activities. The magnitude of
damages caused by mining often used to be very large, which may be exemplified by the
city of Bytom. On the other hand, however, Polish science and mining practice can boast of
designing and implementing exploitation methods minimizing the damages to, as in the
case of exploitation conducted under the centre of the Katowice city [10]. While assessing
the capability of a structure to transmit the effects of exploitation, one should consider the
structure’s characteristics related to the “susceptibility” to a given deformation index [3, 4,
11]. In terms of this capability, church buildings are a specific type of structures. Most of
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all, this is related to the large dimensions of these buildings, which limits their resistance to
deformation as well as the resistance to dynamic effects [11, 12]. The effects of rock mass
tremors in areas of tectonic disturbances requires separate analyses [13, 14] due to the
values of speed and acceleration exceeding the expected values. In case of predicting the
deformation indices of a mining area in which buildings of such type are located, the
following their values should be considered: the subsidence, the tilt, the vertical curvatures
and the horizontal strain. Besides their maximal values, also the values related to the
orientation of the building’s walls should be specified. Only the deformation condition
specified in such a manner may constitute a starting point for further analyses for
professionals specialized in the field of civil engineering in mining area.

This paper presents an example of an analysis of the influence of a former exploitation
on a church building and a prediction of the effects of a planned exploitation. The presented
case exemplifies the fact that exploitation in the area of buildings “susceptible” to mining
effects is possible without causing damages to the building’s structure. This is possible due
to the application of building prevention methods (reinforcement of structures) and a
correctly designed mining exploitation.

2 Characteristics of the church building

The church dedicated to Saint Michael Archangel is a free-standing object without
basement. It covers an area of approx. 450 m? and its cubic capacity is approx. 71100 m. It
has been built in the years 1793-1799 on a hill with an elevation of approx. 9m, in a late
baroque style. The church is a single-nave building with small extensions at the northern
side, in which utility rooms, a vestibule and a vestry are located - Fig. 1.

Fig. 1. General view of the church building.

The form of the building is compact, the floor projection is rectangular, elongated,
divided at one side. The total length of the church is 30.5 m. The width of the object is
variable and ranges from 14.3 to 17.7 m. The height of the building is approx. 20 m
counting from the ground surface to the roof ridge, while the height of the tower is approx.
38 m.

The church’s masonry structure constitutes a single body with the tower, without an
expansion joint. The foundation is made of bricks and rocks, founded at variable levels
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depending on the inclination of the terrain profile. The wall made of crushed stone based on
lime-mortar is 1.39 m thick (2.44 m thick including the pilaster). The walls are made of
ceramic bricks based on lime mortar, covered with plaster work.

Due to obvious reasons, the building was raised without any protections against mining
damages. Due to that, works consisting in the performance of internal and external B15-
class reinforced concrete bracing have been conducted in the years 1989-1990, along with
the anchoring of the walls at 9.2 m and the installation of struts at 8.4 m [15]. The
protections allowed to classify the building into the 4™ category of resistance to mining
damages for continuous deformations. It should be added that damages in the forms of wall
cracks were repaired on a current basis.

The stocktaking conducted in 2013 and the assessment of the static and dynamic
resistance [15] allowed to classify the building into the 2" category of resistance.
Considering the current condition of the building, it may be assumed that it may still be
classified to that resistance category.

3 Analysis of geological and mining conditions

3.1 Stratigraphy and lithology

According to data made available by considered in the research coal mine, rock mass in
the vicinity of the building is built of overburden strata and productive Carboniferous
formations. The overburden is represented by Quaternary and Neogene layers. The
Quaternary formations are of Holocene and Pleistocene origin. Their thickness is variable
and ranges from approx. 24 m to approx. 50 m in this area. The Quaternary strata are
comprised of alluvial sediments represented by sands characterized by variable graining as
well as glacial clay and sands with interburdens of gravel. The Neogene formations are of
Miocene origin. The thickness of the Neogene strata is variable as well. It varies from
approx. 225 m to approx. 500 m. The Neogene formations are a monotonous series of grey
and grey-green marly silts. Moreover, the silts contain interburdens of silty sands and thin
seams of tuffs. The Carboniferous formations are built of the “Orzeskie” and “Rudzkie”
layers (names used according to Polish classification of Carboniferous layers). The
“Orzeskie” beds are characterized by variable thickness. In terms of lithology, claystones
and mudstones are predominant in the profile. Sandstone beds are less common. The
claystones are grey and dark-grey, often with varying inclusions of sand. The beds are
characterized by the occurrence of single and larger clusters of sideritic concretions and
plant detritus. The sandstones present in the “Orzeskie” layers are most often fine-grained.
19 coal seams have been documented (from No. 340/2 to No. 363), which usually
accompany the claystone beds. The coal seams are very numerous, yet often irregular in
form, with varying quality and thickness, rarely reaching approx. 2.0 m.

In terms of lithology and deposition conditions, the “Rudzkie” layers resemble the
“Orzeskie”. The claystones constituting the beds contain variable inclusions of sand, locally
giving way to mudstones.
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3.2 Tectonics

According to available mining maps and geological cross-section, tectonics of the
deposit has largely been disturbed in the area of the church. The following tectonic faults
are present in the vicinity of the object:

e To the north-east of the building, the “G I fault runs from north-west to south-
east. The fault throws the beds towards north-east. The throw height in the area is
approx. 80 m.

e To the north-west of the building, the “G II” fault perpendicularly reaches the
“G I” fault. The fault runs from north-east to south-west. The “G II” fault throws
the beds by approx. 20 m to north-west. Another fault, perpendicular to this one,
forms a step fault zone behind the “G II” fault. The fault throws the beds into the
south-eastern direction at a height from 8 to 18 m.

e  Another fault zone - the “K II” fault, is located to the south and south-east of the
building. Initially, the zone runs from the north-east to the south-east and
subsequently runs rather latitudinally. The general throw direction is north-
western, while the throw height is approx. 40 m. The zone is accompanied by
faults with smaller throws reaching form approx. 1 m to approx. 6 m.

3.3 Former mining exploitation

It is recognized, on the basis of available mining maps with locations of conducted in
the past mining exploitation, that in the considered area exploitation using a longwall
system with caving to a height from 1.1 m to 3.1 m was led in the following coal seams:
346/1 - during the years: 1986 - 89, at depth range 520 m - 580 m.

347/1 - during the years: 1991 - 95, at depth range 560 m - 610 m.
356/1 - during the years: 1984 - 2000, at depth range 670 m - 820 m.
357/1 - during the years: 1987 - 2004, at depth range 670 m - 870 m.
358/1 - during the years: 1984 - 1992, at depth range 700 m - 770 m.
358/2 - during the years: 1986 - 1992, at depth range 670 m - 740 m..
360/1 - during the years: 1985 - 2007, at depth range 670 m - 930 m.
361 - during the years: 2010 - 2011, at depth range 880 m - 890 m.
362/1 - during the years: 2014 - 2015, at depth range 930 m.

401/2 - during the years: 2006 - 2010, at depth range 8§70 m - 900 m.
403/2 - during the years: 2006 - 2013, at depth range 880 m - 910 m.

3.4 Currently conducted and planned mining exploitation

In the area of the church building, mining exploitation is conducted and planned in the
coal seams: 357/1, 359/1, 363, 404/1, and 404/2. The basic data concerning the mining and
geological conditions has been presented in table 1. Fig. 2 presents a sketch of the locations
of longwalls in relation to the church building.
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Table 1. Basic data regarding the currently conducted and planned mining exploitation in
the vicinity of the church building (according to available mining maps)

| Seam Longwall Start End Thick Dip Depth Dis

| No No expl. expl. ness angle (avg) tance
| date date [m] [deg] [m] [km]
sttt |
| 357/1 G-32 01-02-2017 31-03-2018 2.4 7 845 0.57
| 359/1 G-31 01-01-2020 31-12-2021 2.0 9 795 0.47
| 359/1 G-32 01-01-2019 31-12-2020 2.0 9 834 0.76
| 363 K-1 01-07-2018 01-05-2019 4.3 6 980 0.46
| 363 K-2 01-08-2019 01-06-2020 4.3 7 955 0.42
| 363 K-4 01-10-2020 31-12-2021 4.3 2 935 0.42
| 363 K-5 01-05-2022 01-12-2023 4.3 7 915 0.47
| 404/1 Cc-5 01-04-2017 01-03-2018 2.0 7 995 1.42
| 404/2 c-3 01-10-2018 01-12-2019 4.2 2 990 1.70
| 404/2 c-4 01-02-2020 01-08-2021 4.2 2 1005 1.60
| 404/2 Cc-5 01-01-2022 01-03-2023 3.2 3 1025 1.52
| 404/2 N-10 01-06-2019 01-01-2020 2.5 4 935 0.44
| 404/1 F-31 01-07-2017 31-12-2019 2.8 6 860 0.97
| 404/1 F-32 01-01-2020 31-12-2021 3.5 8 925 0.67
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Fig. 2. The sketch of longwalls location in relation to the church building.

4 The influence of conducted exploitation on the surface in the
area of the building in view of the measurement results

To monitor the effects of mining exploitation in the area of the church, geodetic
measurements were conducted for ground points and wall bench marks located on the
church foundations. The ground bench marks with numbers from 1A to 6 were located
around the church building. Location of control points is shown in fig.3. The first
measurement was conducted on 12.08.1992. The measurements were conducted depending
on the intensity of the effects of mining exploitation in intervals ranging from one quarter to
one year. Until June 2018, a total of 65 measurements have been taken.
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Additionally, three wall bench marks: K1, K2 and K3, have been placed in 1992,
subject to measurements with similar frequency as the ground points. In October of 2001,
two additional bench marks, K1A and K2A, were placed on the foundations of the church
building.

Analyzing the results of measurements conducted for the ground bench marks around
the church (points 1A - 6) and the wall bench marks located on the foundations (points
11/463 K1, K2, K3, K1A, K2A), it should be concluded, that the subsidence of the surface
caused by mining exploitation in the years 1992-2018 proceeded systematically at a
constant intensity. The maximal subsidence was measured in June 2018 at the 5A bench
mark, reaching -806 mm, while the maximal subsidence measured for the foundation of the
building reached -728 mm in the K2 point. In the years 1992 - 2018, the movements of the
rock mass registered using the bench marks in the area of the building have been observed
to decrease in three periods: in December 2000, August 2006 and June 2017. Between June
2017 and June 2018, slight increases in subsidence of the bench marks located on the
building have been observed.

5A
4A ©

O 6

LEGEND

s Church plan view
VvV Wall bench marks
2CO O  Ground bench marks

Fig.3. Location of measuring points in the neighborhood of the church building

5 The influence of planned exploitation on the church building
in the light of performed calculations

The following assumptions have been made in the calculations using the W. Budryk —
S. Knothe [16] theory:
o the following values of the parameters were assumed:
— coefficient of roof control: a = 0.8,
— parameter describing influence range: tgf3 =2.0,
— the coefficient of proportionality in Avershin’s relationship: B = 0.32r,
— extraction boundary: d = 0 m.
o calculations were carried out by using DEFK - Win software [17], for asymptotic state
of deformation, assuming that coal seams are horizontal, planar (angle of dip y=0°).
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The results of the calculations have been presented in table 2. The calculations were
performed for one characteristic calculation point P, located at the centre of gravity of
horizontal plan of the building. The table presents the following values of deformation

indices:
oW - subsidence, mm
e Toax - maximal tilt, %o
e Ty - tilt in the direction a;, %o
e Ty - tilt in the direction ay, %o
e Enux - maximal horizontal strain, %o
e By - horizontal strain in the direction o, %o
e Ep - horizontal strain in the direction oy, %o
e E|, E; - principal horizontal strain, %o

e Kmax - maximal vertical curvature, 1/km
o Ky - vertical curvature in the direction oy, 1/km
e Kpo - vertical curvature in the direction op, 1/km
e K, Ky - principal vertical curvature, 1/km

The directions in which the values of the deformation indices were calculated (a; and
az) were specified along the directions parallel to the external walls of buildings.

Table 2. Predicted values of deformation indices at the location of calculation point “P”’

Deformation w Tmax Tu 1 Ta2 Emax Eal EaZ
index: [mm] [%o] [%o] [%o] [%o] [%o] [%o]
Valie | 490 | 057 | 053 | 022 | 101 | 097 | 024

at point ,,P”:

Deformation Ei E2 Kinax Kai Ka2 K K2
index: [%o] [%] | [1/km] | [I/km] | [1/km] | [I/km] | [1/km]
Value 1y o) 0.19 | -0.007 | -0.006 | -0.002 | -0.001 | -0.007

at point ,,P”:

Fig. 4 presents the contour map of predicted subsidence and the categories of mining
areas [18]. Categories of mining areas, describing the threat level connected with
continuous deformations (according to Polish underground mining regulations) were
determined on the basis of maximal horizontal strain values.

Based on the calculation results presented in table 2 and in fig. 4, it may be concluded
that all the deformation index values will fit within the range of the 1 category of mining
areas.
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Fig. 4. Contours of predicted subsidence (in mm) and the zones of categories of mining
area determined on the basis of the extreme horizontal strain values.

6 Summary and conclusions

The article presents an example of an analysis of the underground mining exploitation
influences on a historic church building. The conducted analyses allow to make the
following remarks and conclusions:

1. Due to proper structural protections, the building withstood the effects of the mining
exploitation conducted throughout the years without being subject to structural
damages. In the period between 1992 and 2018, the building was subjected to
subsidence reaching approx. 0.7 - 0.8 m at most. It should be assumed that after the
occurrence of surface deformations, the resistance of the building was decreased to
the 2™ category.

2. In view of the results of the calculations, the planned mining exploitation will cause
¥ category deformations. It may thus be assumed that no structural damages will be
caused to the building.

3. The presented case constitutes an example of the possibility of conducting mining
exploitation in an area of a valuable historic object.
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