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This article presents a comprehensive case study of geodetic monitoring for building deformations
during the construction of an adjacent shelter at Educational Complex No. 183 «Fortuna». The study
focuses on the lyceum building, located just 15.5 meters from the excavation boundary, where 15
reflective deformation marks were installed on the facade and monitored using a high-precision Alpha-
GEO X (2") total station. The free station method, combined with inverse linear-angular notching from
an external geodetic network, ensured displacement measurements with an accuracy of +1-2 mm.
Monitoring was conducted over four months (November 2023—March 2024), with 12 measurement
cycles. Results revealed minor deformations within safe thresholds: vertical displacements (Z-axis)
peaked at +3 mm, while horizontal shifts ranged from -3 mm to +3 mm (X/Y-axes). Critical points (e.g.,
N-3, B-6) showed maximal but non-progressive movements, confirming localized soil stress
redistribution without structural risks. The study validates the efficacy of robotic total stations for real-
time deformation control in urban construction and underscores the importance of rigorous monitoring
programs to safeguard adjacent structures. Key recommendations include maintaining 10-day
monitoring intervals and immediate alerts for displacements exceeding 5 mm. This methodology offers
a replicable framework for similar high-risk construction projects.
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Introduction

Given the high rate of urbanisation (Rokochinskiy et al., 2021; Chumachenko et al., 2023) and ever-
increasing building density, the problem of constructing new shelter facilities under martial law is of
particular relevance. Any construction work in a dense urban environment can affect the condition of
adjacent buildings, causing them to settle, crack and other types of deformation. This creates potential
risks to the safety of nearby structures, which makes it necessary to implement an effective geodetic
monitoring system (Nesterenko, 2022; Tretyak et al., 2023; Setan et al., 2001).

The main regulatory act that sets out the requirements for new construction, reconstruction and technical
re-equipment of facilities in densely built-up areas is DBN V.1.2-12-2008 “Construction in Densely
Built-Up Areas. Safety Requirements”. These norms also cover the safety of adjacent buildings and
territory, the safety of the facility under construction, and the safety of the production process for
construction and installation works (DBN V.1.2-12-2008, 2008).

The lyceum building in Kyiv is the object of monitoring on the construction site of the shelter for the
educational complex Ne 183 Fortuna, as it is located in the construction impact zone and in close
proximity to the pit boundary. The average distance between the pit boundary, represented by the pile
axis (which in this case is also the limit of pit deformation), and the lyceum building is 15.5 metres.
The need for monitoring becomes even more urgent as the educational process at the lyceum continues
throughout the construction period. The schematic location of the building in relation to the pit is shown
in Fig. 1.
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Figure 1. Location of the lyceum building in relation to the construction of the shelter pit
Method and Theory

For the geodetic monitoring, we fixed 15 strain marks. Strain marks are marked films with a light-
reflective surface on an adhesive base, which are additionally placed on a rigid wooden base and fixed
to the facade of the building with dowels in accordance with the scheme for fixing strain marks. The
appearance of the fixed marks on the example of D4 and N4 is shown in Fig. 2.
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Figure 2. Fixed network of deformation marks on the facade of the lyceum building
The monitoring methodology and basic requirements are regulated by the deformation monitoring
programme, which is submitted by a representative of the design organisation together with the general
technical documentation for the works. The main provisions of the on-site monitoring programme are
as follows: 1) zero (baseline) observation session should be carried out before the start of excavation
works in the pit, but not earlier than 10 days after the observation marks are fixed; 2) further
observations should be carried out at intervals not exceeding 10 days. Monitoring shall be carried out
from the beginning of excavation work in the pit and shall be completed after the end of the stabilisation
period of the structure under construction. The monitoring period may be extended depending on the
results of observations; 3) all measurement cycles shall be performed with minimisation of errors and
external influences on the monitoring process. Measurements shall be carried out using equipment that
provides determination of linear displacements with an accuracy of +1...2 mm; 4) in case of exceeding
the limit values of deformations, the design organisation shall be informed as soon as possible.

Observations of the marks during all monitoring cycles were carried out using the free station method
with the help of an Alpha-GEO X (2") total station. The orientation of the total station was carried out
by the method of inverse linear-angle notching from the points of the external geodetic marking
network.

To ensure the accuracy and uniformity of measurements, some of the sources of errors were eliminated.
In particular, before starting the observations, the measuring device was kept until it reached
temperature equilibrium with the environment, and the device was installed on a wooden tripod.
Dynamic impacts from the operation of machinery and transport on the monitoring object and the tripod
with the device were excluded by stopping the machinery for the duration of the monitoring cycle.

During the observation period, which lasted from 20 November 2024 to 13 March 2024, 12 monitoring
cycles were carried out, the interval between individual cycles did not exceed 10 days.

In the process of calculation, the observer's plane was taken as the abscissa axis, the perpendicular plane
was taken as the ordinate axis, and vertical displacements were displayed in the direction of the applique
axis. The visualisation of the axis arrangement is shown on the example of facade in Fig. 3.
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Figure 3. Fragment of the layout of the stamps on the facade in relation to the coordinate axes used

for monitoring.

Results

The results of the geodetic monitoring of the experimental object, covering cycles 1 to 12 in the period
from 20 November 2024 to 13 March 2025, are presented in Table 1. According to the obtained control
values of geodetic monitoring, it should be noted that the “+” sign for the vertical direction of
displacement is upwards, and for the horizontal direction along the X-axis — to the right; for the
horizontal direction along the Y-axis — towards the observer.

Table 1. Reference values based on the results of cycle No. 12 dated 13.03.2025

Control values of movements
Measurement . . Horizontal
point Vertical mo-vement along | Horizontal mm{ement displacement along the
the Z axis (H), mm along the X axis, mm .
Y axis, mm

B-1 +1 -2 +1
N-1 0 2 +1
D-3 +2 0 -3
D-4 +2 0 -3
N-2 +2 -1 -3
B-3 0 0 +2
N-3 3 +2 0

B-4 0 0 +2
N-4 0 0 0

B-5 +2 0 +2
N-5 0 +2 0

B-6 +2 +3 -3
N-6 0 +2 0

B-7 +2 -1 2
N-7 +1 -1 2

The geodetic monitoring of the adjacent lyceum building revealed minor but measurable deformations
during shelter construction. Vertical displacements along the Z-axis remained within +3 mm (point N-
3), while most points showed movements of 0 to +2 mm, indicating slight settlement. Horizontal
displacements were more variable: X-axis movements ranged from -2 mm (B-1, N-1) to +3 mm (B-6),
and Y-axis shifts spanned -3 mm (D-3, D-4, N-2, B-6) to +2 mm (B-3, B-4, B-5). Notably, points N-4
and N-7 exhibited negligible changes (0 to +1 mm), suggesting localized stability. The data confirms
that deformations were within safe limits, with no systematic directional trends that would indicate
structural risk.
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Conclusions

The recorded deformations demonstrate a predictable response of the lyceum's foundation to nearby
construction loads, with all measured displacements well within permissible norms for such structures.
The spatial distribution of movements reveals that maximal vertical settlements (+3mm) occurred near
the construction zone (point N-3), while horizontal displacements showed bidirectional patterns - likely
caused by temporary stress redistribution in the soil mass. Of particular engineering significance is the
absence of any progressive deformation trends across measurement cycles, confirming the stability of
both the monitored structure and the implemented construction technology.

The study confirms that modern geodetic monitoring systems, particularly when using high-precision
total stations with the free station method, provide sufficient sensitivity to detect millimeter-level
movements critical for structural safety assurance.

The proposed methodology of geodetic monitoring demonstrates that properly organised geodetic
control over the deformation of similar construction objects (frequency of observation cycles, number
of deformation marks and their fixation) allows to safely perform intensive construction works on the
creation of new shelters, under martial law, in close proximity to existing buildings, without violating
their structural integrity.
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