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SUMMARY

The paper presents the results of several years (8 cycles of observations) of geodetic monitoring of
spatio-temporal deformations of the construction object - the pedestrian tunnel ("Fairy Tale Tunnel™)
of the residential complex "Kandinsky Odesa Residence" and the section of the slope, in the
geological body of which the specified tunnel is located in the city of Odesa, 63/65 French Blvd.
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Introduction

In recent decades, due to the influence of various factors, which are clustered around excessive, and
not always sensitive to nature, anthropogenic load, there have been phenomena of disruption of the
stability of the slopes near the Black Sea. Landslide processes of soil masses, large in terms of
volumes, have acquired the character of everyday phenomena.

The specified circumstance forces us to take into account the current situation, and first of all, it
affects developers, since the stability and trouble-free operation of construction objects significantly
depends on the stability and mechanical characteristics of the soils on which this object is located
(Savchyn et. al., 2020).

Object of research

The paper presents the results of several years (8 cycles of observations) of geodetic monitoring of
spatio-temporal deformations of the construction object - the pedestrian tunnel ("Fairy Tale Tunnel™)
of the residential complex "Kandinsky Odesa Residence” and the section of the slope, in the
geological body of which the specified tunnel is located in the city of Odesa, 63/65 French Blvd.

The object of the research is the pedestrian tunnel ("Fairy Tale Tunnel”) of the residential complex
"Kandinsky Odesa Residence" and the section of the slope, in the geological body of which the
specified tunnel is located in the city of Odessa, French Boulevard, 63/65, for the purpose of studying
the state of spatio-temporal the position of the structures of the pedestrian tunnel and the section of the
slope, in the geological body of which the specified tunnel is located.

Organization of works

The structure of the "Fairytale Tunnel" (pedestrian tunnel 200 m long, with a 1% slope towards the
sea, made of reinforced concrete tubing 1.0 m long each, with an internal diameter of 3.4 m, built in
the 70s of the 20th century) consists of an upper a lobby, a shaft of the mine, which is equipped with
two passenger elevators, a pedestrian tunnel, an entrance group with access to the seashore. The upper
lobby is located on the edge of the upper plateau, with access to the territory of the residential
complex "Kandinsky Odesa Residence” and French Boulevard. The shaft of the mine is made of cast-
iron tubing with an internal diameter of 5.6 m. The depth of the shaft is 37 m. The shaft has two
elevator shafts with a metal mesh fence, metal ladders with service platforms, and power cables.

Geodetic monitoring of spatio-temporal deformations of the structures of the pedestrian tunnel and the
section of the slope, in the geological body of which the specified tunnel is located, is carried out by
periodic observations (twice a year: April - December) of the plan-height position of the deformation
marks installed on the cascades of the section of the slope and inside the pedestrian tunnel
(Instructions for topographic surveying,1998). Deformation marks are installed both on the cascades
of the slope (in the form of reinforcing rods, 1.2 m long and 16 mm and 22 mm in diameter, concreted
in the soil for half the length); as well as inside the pedestrian tunnel (in the form of deformation
marks embedded in the floor with metal anchors) (Report of SE NDIBK, Kyiv, 2018).

In fig. 1 presents a diagram of the location of deformation marks on the slope. In fig. 2 shows the layout
of the deformation marks, mounted directly in the structural elements, inside the pedestrian tunnel.

For conducting geodetic monitoring, modern electronic geodetic devices were used, which, in
accordance with regulatory requirements, were periodically verified as legally regulated measuring
equipment (https://zakon.rada.gov.ua/).

Monitoring of height deformations (subsidence) was carried out by the method of geometric leveling
according to the Il class program (Voytenko, 2022). For observations, an electronic level Trimble
Dini 12 with a barcode invar rail was used (passport accuracy of 0.3 mm per 1 km of travel).
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Fig. 1 Scheme of the location of deformation marks on the slope section
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Fig. 2 Diagram of the location of deformation marks inside the tunnel.

The height reference of the deformation marks was carried out from the benchmarks installed outside
the influence of the research object on the street. French Boulevard. Height system - Baltic in 1977.

Digital and graphical results

During the entire observation period (from 11.05.2019 to 20.11.2023), the deformation marks
installed on the cascades of the slope and in front of the entrance group of the pedestrian tunnel (Fig.
1) underwent subsidence in the range from -1 mm to -38 mm.

During the same period, the deformation marks installed inside the pedestrian tunnel (Fig. 2)
underwent subsidence ranging from -13 mm to -22 mm. The greatest subsidence, amounting to -22
mm, was obtained by deformation grade Dm 11.
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Planned observations were carried out using a Sokkia IM52 electronic total station with an angular
accuracy of 2". From the first to the sixth cycle of observations, the determination of the coordinates
of the deformation marks was carried out by laying a theodolite course from the starting points of the
DGM Ne6932 and Ne8444 to the deformation marks installed on the cascades of the slope, in front of
the entrance group and inside the pedestrian tunnel.

In connection with the completion of concrete works on Sections No 1 and No 2, from the seventh
cycle of observations it became possible to install a total station on the roof of Section No 2. This
made it possible to provide direct visibility to the deformation marks and to the exit points of DGM
Ne6932 and Ne8444.

The specified technique has provided simplification of geodetic observations, significantly improved
the conditions and, accordingly, the process of observing deformation marks on the cascades of the
slope, in front of the entrance group and, accordingly, inside the pedestrian tunnel from two stations
of the total station.

During the entire observation period (from 11.05.2019 to 20.11.2023), the deformation marks
installed on the cascades of the slope and in front of the entrance group of the pedestrian tunnel (Fig.
1) changed their position in the plan by an amount from 1 mm to 38 mm.

During the same observation period, the deformation marks installed inside the pedestrian tunnel (Fig.
2) changed their position in the plan by an amount from 4 mm to 25 mm.

The Dm4 brand, located inside the tunnel, received the largest planned displacement: 25 mm along
the "X" axis, 15 mm along the "Y" axis.

Fig. 3 shows the plots of subsidence of deformation marks located inside the tunnel, separately for 8
cycles of observations, and the total values for all 8 cycles together.
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Fig. 3 Epures of subsidence of deformation marks installed inside the tunnel.

Data processing of the theodolite course was carried out using specialized Digital’s software, which
allows you to accurately calculate the coordinates of points, which ensures high accuracy and
reliability of the obtained results. Thanks to the use of this software, it was possible to automate a
significant part of the calculations, which reduced the probability of errors and significantly reduced
time. In addition, the application of Digitals provided the possibility of adjusting the results based on
additional parameters and conditions that arose during the field work.

Microsoft Excel was used to process the data of the leveling moves, which made it possible to
conveniently organize and structure the obtained measurements. Excel made it possible to perform all
the necessary calculations, including calculating the difference in heights between points, as well as
summarizing the data in a table for further analysis. An important aspect of working in Excel was the
ability to create graphs and charts, which contributed to the clarity of the presentation of results.
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Graphical data processing was performed in the AutoCAD Civil 3D program, which is one of the
leading tools for creating three-dimensional models and cartographic materials. The use of AutoCAD
Civil 3D made it possible to integrate all the received data into a single model, which provided an
accurate representation of the relief and other geodetic features of the area. Thus, the software that
was used at each stage contributed to the complex and high-quality processing of the received data,
which is the key to the successful execution of geodetic works.

Conclusion

The field monitoring studies of spatio-temporal deformations of the specified territory provide
grounds for the conclusion that the stabilization processes of the stability of the research object have
not occurred (https://e-construction.gov.ua/, https://online.budstandart.com/). Basedon the above, we
consider it expedient to continue the geodetic monitoring of the specified object, as well as
additionally include, as objects of monitoring studies, the detection of spatio-temporal deformations
(tilt and horizontal displacement of the buildings of the residential complex "Kandinsky Odesa
Residence") located in the immediate vicinity of the elevator lift of the pedestrian tunnel.
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