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SUMMARY 

 

In the course of the study, a set of engineering and geodetic methods was applied to control the 

technical condition of the building. The results of high-precision geometric leveling of 

deformation wall benchmarks embedded in the foundation structures; tacheometric surveying 

to determine the roll parameters are presented. An important task was to choose a methodology 

for obtaining reliable information about the deformation of the building. Deformation wall 

benchmarks were embedded in the foundation structures and control indicators were installed 

for further monitoring of the roll of wall planes. In addition, the initial geodetic parameters 

were determined to create a system of continuous monitoring of the condition of the building. 

A feature of monitoring the deformation of this building is that the object belongs to an 

architectural monument of local importance. Restoration work is planned for this building. That 

is why a comprehensive survey of existing deformations and monitoring of further changes is 

important. The subsidence of the building was determined for the period 13.11.2024 - 

12.05.2025. The results indicate a lowering of the wing in the area of benchmarks 11-17 by an 

amount from 3 mm to 7 mm. The maximum subsidence was recorded at benchmark 19 

(- 11.7 mm), installed at the corner of the building. The results of determining the change in 

the tilt of the building walls for the above period in 17 out of 20 controlled points do not exceed 

5 mm. In general, the inclination of the walls outside the building was recorded with a 

maximum value at point 12 of 10 mm. Taking into account the architectural and historical value 

of the structure, further studies provide for multi-level technical monitoring in order to 

substantiate the optimal methods of preserving the monument. 
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Introduction 

 

A comprehensive approach to deformation monitoring makes its own adjustments and 

recommendations every year. Modern geodetic equipment ensures reliable accuracy of the results 

obtained, which subsequently serve as the basis for tracking movements or changes in the spatial 

position of structural elements or buildings. The practical significance of deformation research lies in 

increasing operational safety, optimizing maintenance processes and reducing risks associated with 

preventing critical manifestations of deformations of building structures. 

 

In the conditions of Ukraine, where a significant number of buildings have been destroyed, the need for 

technical inspection is growing. According to open data based on the analysis of satellite images, the 

media announced the total number of damaged structures throughout Ukraine during the full-scale war, 

which is about 200,000 objects. 

 

Geodetic observation programs are based on instrumental measurements and analysis or interpretation 

of the results obtained. This study presents data from high-precision geometric leveling and also 

tacheometric surveys to determine the parameters of the building's tilt. Observations were carried out 

in stages, taking into account temporal and spatial variations in deformations. The key task of the study 

was to determine the optimal methodology that ensures obtaining reliable and high-precision data on 

the deformation state of the building. 

 

Method and Theory 

 

The issue of geodetic deformation monitoring is both relevant and urgent in today's environment (Belunce 

et al., 2015; Kuttykadamov et al., 2016). There is a growing need to adapt existing geodetic control 

methodologies to current complex conditions. Geodetic monitoring is carried out using traditional geodetic 

methods and instruments, or with automated geodetic complexes (Nesterenko, 2024).  

 

In the article by Shults et al. (2023), an approach is examined for monitoring a structure using an 

integrated GNSS system and non-metric cameras with QR-coded targets. The system is defined as a 

low-cost, vision-based GNSS observation system, and its primary application is the monitoring of 

various engineering structures, including high-rise buildings. The proposed technique makes it possible 

to determine changes in the geometric parameters of a structure under the influence of external factors 

or loads and subsequently to predict displacements over a specified observation period. 

 

The use of laser scanning systems for geodetic monitoring of high-rise buildings and structures is 

highlighted in the works (Ćmielewski et al., 2023; Madimarova et al. 2022). These studies focus on the 

relative positioning of individual building elements, which is particularly crucial for detecting and 

predicting deformation processes. 

 

Deformation and subsidence measurements are carried out using robotic total stations and high-

precision levels. This allows for tracking changes in the position of structures with millimeter-level 

accuracy. Sometimes, this work involves a cyclical monitoring process due to the appearance of cracks 

on the building's walls. 

 

Based on the results of a series of deformation observations, a geodetic monitoring program was 

developed (Hera O. et al., 2024), which has been adapted for the systematic monitoring of the research 

object. In each specific case, the initial markers for the control network were established outside the zone 

of expected influence from potential deformations, which ensures the reliability of the obtained results 

 

Results 

 

The core of this study is to obtain reliable data on the actual deformation status of the structures and 

foundations of an architectural monument located in the city of Ivano-Frankivsk. This building, 

constructed in the Functionalist Modernism style in 1903, was commissioned by a benefactor. The 
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facade features authentic decorative elements, which confirms the building's status as a cultural heritage 

site. The historical building is located in the central part of the city, a notable factor for its preservation 

and future restoration. 

 

The primary task was to conduct a visual inspection of the structure and its surrounding area, and to 

select the optimal methods for geodetic monitoring. A reconnaissance survey of the research object's 

territory was performed. To monitor subsidence, deformation wall benchmarks were installed in the 

building's foundation, along with corresponding elements for observing wall tilt. 

 
Measurements were conducted in several series using an observation methodology that ensures a mean 

square error of 0.5 mm for the height determination of the weakest deformation benchmark in the 

network. The measurement scheme within the network includes a closed leveling loop that connects the 

deformation markers installed in the foundation of the architectural monument to the initial benchmark 

RP100 (figure 1). 

 

 
Figure 1. Leveling network scheme. 

 
To ensure the monitoring of the architectural monument, 21 deformation wall benchmarks were 

installed. The benchmarks were placed in specific locations to most effectively control potential 

displacements and deformations of the building's walls. They were positioned on load-bearing walls, 

which carry the main load and are most susceptible to displacement. Particular attention was paid to 

areas with existing cracks. The initial elevation marks of the benchmarks were established as of 

November 13, 2024, based on the results of high-precision geometric leveling in a local height system. 

 

The following figure presents a general diagram of the movement of deformation benchmarks 

on the architectural monument, based on the results of a series of measurements as of May 12, 

2025 (figure 2). 

 

The results of the studies to determine the magnitude of deviations of wall axes from the 

vertical show that at the initial stage of observations (November 13, 2024), they ranged from 0 

to 79 mm. Subsequent inspections recorded changes in the position of the axes at most points 

within 5 mm. Only at three points were changes in deviations of 6, 8, and 10 mm observed, 

respectively (figure 3). The figure also shows the magnitudes of the subsidence of the wall 

benchmarks that exceed 3 mm. 
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Figure 2. Deformation benchmark movement diagram. 

 

 
Figure 3. Diagram of the largest deviation values for the entire observation period. 

 

The largest subsidence of the deformation benchmarks for the observation period (November 13, 2024 

– May 12, 2025) was recorded at benchmark 14 and amounted to 7.3 mm. The largest change in the 

deviation of the wall plane from the vertical for the same period was recorded at point No. 12 and was 

10 mm. 

 

Conclusions 

 

On this stage of the study, all work on monitoring the deformations of the historical building has been 

completed. The results indicate specific features of the building's subsidence process. Extreme values 

for both subsidence and wall corner deviation were recorded in the same part of the structure. 
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Further research will focus on continued monitoring of these parameters, as well as tracking the 

development of cracks on the facade. Any cracks on the building's facade must be carefully controlled 

and regularly inspected. Regardless of the size of the damage, a facade deformed by cracks allows 

moisture to penetrate the walls. Without timely maintenance, this will soon lead to significant damage 

and considerable repair costs. 
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