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The study addresses the issue of monitoring unfinished or repurposed structures, which often remain
outside systematic control yet may pose risks to surrounding infrastructure. The object of observation
was the Rivne Regional Youth Sports School, whose construction was never completed and was later
repurposed as a marketplace. The primary aim of the research was to detect deformations of the roof
and load-bearing structures. The methodology was based on the use of terrestrial laser scanning, which
enables high-precision creation of three-dimensional models of complex objects. Measurements were
conducted in three cycles. The results showed that between the first and second cycles, displacements
ranged from —29 mm to +10 mm, indicating low deformation activity. In contrast, between the second
and third cycles, significantly greater displacements were recorded — from —49 mm to +61 mm —
suggesting an intensification of deformation processes, likely caused by construction activities.
Visualization of vertical displacements confirmed localized zones of roof subsidence and uplift,
indicating spatial heterogeneity of the structure. The study presents a case of applying terrestrial laser
scanning to monitor structural deformations in a repurposed building. Based on three observation
cycles, the research identified spatial displacement patterns and localized zones of risk, contributing to
improved safety assessment and planning.
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Introduction

Geodetic monitoring of construction sites plays a crucial role in ensuring their safety and
operational reliability. Modern geodetic technologies enable the acquisition of highly accurate
three-dimensional models of structures, which are essential for assessing their technical condition,
detecting deformations, and forecasting future behavior under natural and anthropogenic
influences. Among the available methods, terrestrial laser scanning holds a leading position due to
its high precision, efficiency, and ability to comprehensively reproduce the spatial geometry of
complex objects. This technique is widely used for monitoring the technical condition of buildings
(Rudneva, 2025) and for reconstructing engineering networks (Sunak et al., 2022). Recently,
terrestrial laser scanning has been increasingly integrated into other areas of geodetic support,
including geological analysis tasks (Malitskyi & Bubniak, 2017), as well as in the preservation and
restoration of architectural heritage (Vallée et al., 2021; Savchyn et al., 2023; Savchyn &
Repechovych, 2024; Babak, 2024). The versatility of this technology is driven by its exceptional
accuracy, rapid data acquisition, and the ability to generate detailed 3D models of objects.
Moreover, its integration with BIM environments significantly enhances the ability to manage,
analyze, and visualize structural data across different stages of a building’s lifecycle. The
methodology adopted in this work resonates with the multi-sensor strategies proposed by
Chetverikov et al. (2024a), where UAV photogrammetry and LiDAR scanning were jointly applied
to record planar cultural-heritage objects — an example that underscores the broader relevance of
integrating aerial and terrestrial laser-scanning data for complex monitoring tasks. Advances in
calibration and instrument correction techniques are equally important for sustaining such
precision. For instance, Sossa et al. (2023) demonstrated how applying calibration-element-based
corrections can measurably increase the accuracy of terrestrial laser scanning.

The relevance of such research is particularly heightened in the context of unfinished or repurposed
structures, which often remain outside the scope of systematic monitoring yet may pose potential risks
to surrounding infrastructure and the population. A notable example is the Rivne Regional Youth Sports
School, whose construction was never completed and which was later repurposed into a marketplace
(Danyliuk, 2013). The condition of this structure, along with possible deformations of its load-bearing
supports and roof, became the subject of a study conducted using terrestrial laser scanning.

Methods

To determine deformations of the building’s load-bearing supports and roof, the method of
terrestrial laser scanning was applied, which provides high accuracy in recording changes in the
spatial position of structural elements. The main objective of the study was to identify vertical and
horizontal displacements of the supporting structures over time. Measurements were conducted in
three cycles, spaced over time: the first cycle — 03.02.2022, the second — 23.05.2022, the third —
31.01.2025. The primary measuring instrument used was the pulsed high-speed terrestrial laser
scanner Leica ScanStation C10, equipped with a dual-axis compensator, a wide measurement range,
a built-in video camera, and a laser plummet. Within each cycle, scanning was performed from 62—
68 stations, positioned to ensure maximum visibility of the studied structures and minimize the
presence of blind spots. Processing and analysis of the field measurement results were carried out
using specialized software: Leica Cyclone REGISTER 360 — for scan alignment, noise filtering,
and spatial data registration; Autodesk ReCap — for preliminary point cloud processing and
segmentation; Autodesk Revit — for building a BIM model and drawings based on the point cloud;
Surfer Golden Software — for visualizing vertical displacements and constructing graphical
deformation models. This multi-software approach not only ensured technical precision but also
allowed for cross-validation of results, thereby increasing the reliability of the detected
displacements. For mobile or time-critical surveys, simultaneous localization and mapping (SLAM)
techniques have proven effective even under martial-law conditions (Kovtun et al., 2024) and in
nature-protection projects (Ievsiukov et al., 2024). The comprehensive approach to data collection
and processing made it possible to obtain a highly accurate three-dimensional model of the object
with the ability to further analyze changes in the geometry of structural elements over time.

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



Geo EAGE

Terrace
Conference

Result and Analysis

As a result of processing the terrestrial laser scanning data in Leica Cyclone REGISTER 360, three-
dimensional point cloud models of the object were generated with a root mean square error of 3—8 mm.
The data were exported in *.rcp format for further work in Autodesk ReCap and Autodesk Revit
environments. Given the large volume of information, the point clouds in Autodesk ReCap were
preliminarily divided into several smaller parts, which allowed for optimized loading without loss of
spatial accuracy. In Autodesk Revit, plans and sections were constructed covering the main support
levels and structural elements. In total, 28 plans and 71 sections were created. An example of the
constructed sections is shown in Figure 1. The modeling depth was 2-3 cm, depending on the point
density, which ensured clear outlining of the structural contours. All drawings were made at a scale of
1:1 and oriented orthogonally to the coordinate axes. The coordinate system and elevation marks were
aligned to a unified geodetic base established during the first measurement cycle.
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Figure 1. Example of constructed sections (black — first cycle (03.02.2022), blue — second cycle
(23.05.2022), red — third cycle (31.01.2025).

According to the results of the analysis of the constructed sections, between the first and second
observation cycles, displacements were recorded within the range of —29 mm to +10 mm, indicating a
relatively low intensity of deformation processes. In contrast, between the second and third cycles, the
range of displacements increased significantly — from —49 mm to +61 mm — which points to an
intensification of deformation dynamics. The intensification of deformation dynamics between the
second and third cycles correlates with documented construction activities, suggesting a direct structural
response to external intervention. The obtained data confirm the escalation of deformation activity,
which is of great importance for assessing the technical condition of the structures and forecasting their
further behavior. Such findings highlight the sensitivity of terrestrial laser scanning in capturing even
small-scale displacements, which would be difficult to detect using conventional geodetic techniques.

The data presentation format based on section analysis enables local assessment of displacements of
individual supports, but does not allow for the formation of a generalized picture of the spatial
distribution of deformations. To enhance the informativeness of the results, additional visualization of
vertical displacements was carried out using interpolation methods in the Surfer Golden Software
environment. This approach made it possible to integrate local observations into a unified model, which
allows for the identification of general trends in the deformation process and the assessment of its spatial
heterogeneity. As a result, a spatial field of vertical roof deformations of the building between
observation cycles was constructed, which is shown in Figure 2.
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The constructed deformation field provides a clear representation of the spatial trends of roof
deformation processes and confirms the increase in their intensity. Comparison between the first and
second cycles did not reveal critical deformations, indicating relative structural stability at the initial
stage of observations. Meanwhile, analysis between the second and third cycles shows clearly defined
zones of roof subsidence, especially in its southern part, which may indicate local settlement or loss of
load-bearing capacity of individual elements. Additionally, anomalous uplift was visualized in the
northern vault of the roof, which may be the result of internal stresses or reverse-type deformations.
Such spatial features are important for assessing the technical condition of the structure and planning
further monitoring measures.

- L -
Figure 2. Spatial field of vertical roof deformations of the building between observation cycles (a)
cycles 2—1; (b) cycles 3-2)

The constructed field of vertical displacements made it possible to move from local measurements to a
generalized spatial picture of deformations. The analysis showed that at the initial stage of observations,
the roof remained relatively stable; however, in the subsequent period, multidirectional displacements
were recorded — local subsidence in the southern part and uplift in the northern part. This indicates
heterogeneity in the deformation process, the presence of zones with increased risk of loss of load-
bearing capacity, and the activation of structural changes in the construction. Thus, the integrated
visualization confirmed the increase in deformation intensity and identified key areas requiring
enhanced monitoring. These results demonstrate the value of combining geometric analysis with spatial
interpolation, as it transforms raw point cloud data into actionable information for structural risk
assessment.

Conclusions

The conducted study demonstrated the effectiveness of terrestrial laser scanning for comprehensive
geodetic monitoring of the technical condition of unfinished and repurposed structures, using the
example of the Rivne Regional Youth Sports School. The three observation cycles made it possible to
create highly accurate three-dimensional models of the building and analyze changes in the spatial
position of load-bearing structures over time. It was established that at the initial stage, deformations
were minor; however, their intensity significantly increased later, which is associated with construction
work at the site. Identified local zones of subsidence in the southern part of the roof and uplift in its
northern part indicate heterogeneity in the deformation processes and potential danger for further
operation of the structure. The findings underscore the value of integrating spatial monitoring into the
lifecycle of repurposed structures. Identified deformation zones highlight the need for targeted
reinforcement and ongoing geodetic supervision.

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



Geo

Terrace
Conference

References

Babak, S. (2024). St. Nicholas Church in Kyiv (brief historical summary) [Kostel sviatoho Mykolaia v
misti Kyievi: korotka istorychna dovidka]. Collection of Scientific Papers «SCIENTIA», (March 8,
2024; Zagreb, Croatia), 109-112. (in Ukrainian)

Chetverikov, B., Trevoho, 1., Prokhorchuk, O., Vladimirov, S., &amp; Herasymchuk, P. (2024a)
Synergy of UAV Aerial Survey Methods and LiDAR Scanning for the Study of Planar Objects of
Historical and Cultural Heritage. International Journal of Geoinformatics, 20 (9), 98-111.
https://doi.org/10.52939/ijg.v2019.3551

Danyliuk, N. V. (2013). Analiz stanu sportyvnykh sporud u m. Rivne ta Rivnens’kii oblasti [Analysis
of the condition of sports facilities in Rivne and Rivne region]. Suchasni problemy arkhitektury ta
mistobuduvannia, (34), 456—460.

Ievsiukov, T., Kovtun, V., Dorosh, L., Kutsenko, O., & Matviichuk, D. (2024, October). Innovative
Approaches to Creating a Register of Especially Valuable Nature Protection Objects Using Slam
and 3D Scanning Technologies. In International Conference of Young Professionals «GeoTerrace-
2024» (Vol. 2024, No. 1, pp. 1-5). https://doi.org/10.3997/2214-4609.2024510052

Kovtun, V., Gera, O., Dorosh, L., & Pylypiuk, R. (2024, October). Possibilities of SLAM Scanning
Implementation in Martial Law Conditions. In International Conference of Young Professionals
«GeoTerrace-2024» (Vol. 2024, No. 1, pp. 1-5). https://doi.org/10.3997/2214-4609.2024510075

Malitskyi, A., & Bubniak, 1. (2017). Geological researches of Diryavets Rock with using terrestrial
laser scanning. Stils'kyi Hrad, (1), 70-73.

Rudneva, 1. (2021). Application of laser scanning for monitoring condition of buildings and structures
during  reconstruction. Transfer ~ of  Innovative Technologies,  4(1),  33-36.
https://doi.org/10.32347/tit2141.0106

Savchyn, 1., & Repechovych, S. (2024, October). Historical virtual reconstruction of Przemysl Fortress
forts using geodetic methods: the case of 1/4 Maruszka Las Fort in Ukraine. In International
Conference of Young Professionals «GeoTerrace-2024» (Vol. 2024, No. 1, pp. 1-5).
https://doi.org/10.3997/2214-4609.2024510027

Savchyn, 1., Tretyak, K., Brusak, 1., Lozynskyi, V., & Duma, M. (2023, October). Rapid Fixation and
Digitization for Cultural Heritage Preservation in Conflict Zones. In International Conference of
Young Professionals «GeoTerrace-2023» (Vol. 2023, No. 1, pp. 1-5). European Association of
Geoscientists & Engineers. https://doi.org/10.3997/2214-4609.2023510030

Sossa, B., Vivat, A., Lisohor, M., & Dzhurylo, S. (2023, October). Increasing the Accuracy of
Terrestrial Laser Scanning by Using Corrections Determined from the Calibration Elements. In

International Conference of Young Professionals «GeoTerrace-2023» (Vol. 2023, No. 1, pp. 1-5).
http://dx.doi.org/10.3997/2214-4609.2023510015

Sunak, P. O., Synii, S. V., Melnyk, Y. A., Ksyonshkevych, L. M., Krantovska, O. M., & Oreshkovych,
M. (2022). Reconstruction of engineering structures and networks, landscape based on laser
scanning technology. Modern Technologies and Methods of Calculations in Construction, 18, 147—
161. https://doi.org/10.36910/6775-2410-6208-2022-8(18)-16

Vallée, A., Sorbets, E., Lelong, H., Langrand, J., & Blacher, J. (2021). The lead story of the fire at the
Notre-Dame Cathedral of Paris. Environmental Pollution, 269, 116140.
https://doi.org/10.1016/j.envpol.2020.116140

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



