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SUMMARY

Based on the results of geophysical studies on the territory of the Church of St. Stanislaus, the
contours of the ancient crypt were reproduced, the reasons for the deformations of the church were
established and recommendations were given to prevent the possibility of destruction of the sacred
landmark.
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Introduction

Dominican Church of the Mother of God of the Holy Rosary and St. Stanislaus, which is located in
the city of Chortkiv, Ternopil region, traces its history back to 1610. The church is a prominent
religious building of the post Operation Vistula gothic style (Fig. 1). At present, it is a functioning
decanal church of the Chortkiv deanery of the Roman Catholic Church in Ukraine. The precondition
for the research is the deformation of the church building, which threatens its existence.

Figure 1 Church of Saint Stanislaus

During planning the research work and during its implementation, the following geological,
engineering-geological and architectural tasks were formed and clarified:

e creating a digital format of the model of the modern church combined with the ancient church

of 1610;

o specifying the geological structure of the rock mass in the area of the church and in the
adjacent areas;
determining the degree of water encroachment in rocks;
finding the location of the crypt;

determining the degree of stress state of rocks and elements of the church building;

determining the presence of exogenous geological processes (landslides);
identifying the factors that are the causes of the deformation of the church building.

Geophysical methods in recent years have been traditionally used in engineering-geological and
archaeological research [ Conyers, 2016, Kuzmenko et al.,2018, Bondar et al., 2019, Zuikov, 2011 ].
On the territory of the Church, the methods of natural electric field (NEF), vertical electric sounding
(VES), natural pulsed electromagnetic field of the Earth (NIEMFE), resonant-acoustic profiling
(RAP) and georadar survey (GRS) were applied.

The main conclusions about the geological structure are the following:

1) the upper part of the rock mass consists of three main complexes;

2) the first complex is the soil formed from a vegetative layer, bulk and other contemporary
rocks (depth to 1-2 m);

3) the second complex - refractory clay rocks - Quaternary and Neogene sandy loams (up to 10
meters);

4) the third complex - indigenous weathered (from a depth of 10 meters), and then unchanged
ancient Silurian rocks, mostly sandstones (from a depth of 18 meters).
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The degree of water encroachment in rocks is determined by their lithological structure, existence of
permeable and impermeable rock boundaries as well as the tilt of the runoff. The main aquifer that
affects the change in the strength of near-surface rocks is the aquifer, which consists of the first
lithological complex and sandy loams of the second complex. The thickness of this horizon reaches
4.5 - 5 meters. Therefore, it should be considered a fact that under the Church on the first aquifer there
is a constant filtration of groundwater. These waters bypass the crypt, which is fenced with bricks.
The zones of infiltration, filtration and exfiltration were determined by the methods of NEF, VES and
GRS.

The existence of the crypt, which was built in the ancient Church in 1610, has been confirmed by
archival sources. The most accurate information about the crypt was obtained by the RAP and GRS
methods. As it might be expected, these artificial voids are located within the ancient foundation of
the church. Figure 2 illustrates the position and dimensions of the artificial formation in the plan. In
terms of height, there are differences - the roof of the void is at the depth of 0.6 m under the ancient
altar and at the depth of 1.2 m for a narrower passage in the side part and in the centre of the building.
The floor of the crypt is everywhere at the same depth - 3.2 m. The only question that remains open is
the location of the entrance to the crypt. The answer presupposes two options. The first one is a long
entrance from the courtyard. The second one is an entrance in the middle (at the turn) of the
underground passage. Then there are two crypts: the first one is under the altar and the second one is
adjacent to the side of the church.

Figure 2 Map of the underground passage and the crypt

The intensity of the NIEMFE is consistent with the degree of the stress-strain state of rocks and
structures. The greater the intensity, the greater the stress state in its dynamics and the greater ability
to develop existing deformations as well as create new ones. The NIEMFE intensity map shows areas
of increased and decreased intensity, which alternate with each other and demonstrate the presence of
successive compression and tension zones, indicating that the church building is in a state of action of
mechanical forces and, accordingly, dynamic deformations.

The main reason of the deformation of the church building is landslide processes. Downward from the
church, there is a zone of rock displacement. On the street parallel to the church, there is a wavy relief
with a significant wall of landslide separation (the first upper "wave" of deformations of the roadway).
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This wall of separation crosses the street obliquely and is directed towards the wall of the church
where the cracks are observed. The cracks are further visible on the floor in the same direction.
Meanwhile, the vertical displacements of the floor tiles are also observed.

The zone of visually observable landslide features correlates with the planar zone of extremely high
intensity of radiation NIEMFE, which is caused by dynamic deformations (Fig. 3). That is, this
landslide process extends to the church.
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Figure 3 Diagram of the landslide location

Additional information about the landslide is obtained from the analysis of relief changes. The
displacement of the clay roof surface, which is a sliding element, down the slope in relation to the day
(earth) surface is an undeniable factor in the development of landslide processes.
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Conclusion

1. The cult religious building of the Church of St. Stanislaus in the city of Chortkiv (Ukraine)
has undergone significant deformations in recent years.

2. The reasons of these deformations are natural and man-made. The natural ones include the
geological structure of the rocks on which the Church was built, the angle of the relief, and
the natural moisture of the soil. The artificial reasons involve heavy traffic and creation of
additional sources of water infiltration.

3. The primary recommendations for the main measures to prevent deformations of the Church

building should be the following:

e cessation of traffic on the sections of streets adjacent to the church, planning these streets
and turning them into a pedestrian zone;

e construction of anti-filtration barriers up the slope from the church;

e cessation of absorption of precipitation water by the soil by laying the pits and coating the
areas of plant soil with impermeable material;

e - setting up the groundwater drainage with their output to the centralized drainage system.

4. The conclusions and proposals provided in this report do not exclude the need and possibility
of further analysis of the materials and recommendations by construction specialists,
archaeologists and architects.
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