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There was a new construction site within the existing dense urban development in the Pechersk
District of Kyiv. The influence zone of the new construction included the following buildings
surrounding the new development: four residential five-storey buildings and one two-storey non-
residential building. Three of them were located on the Klovskyi Slope and two - at its foot. The
results of assessing the slope stability and impact on the deep pit fencing showed the necessity of their
monitoring. According to the preliminary calculations, the maximum horizontal displacements (up to
56 mm) had to be experienced by the contour of the inner pit fencing. On the lines of the complicated
slope relief, in the direction of the pit, three inclinometric boreholes were arranged between the pit
fencing (a few meters from it) and existing development buildings. The boreholes depths had to
provide the complete information about soil deformation processes. The experimental results of
inclinometric studies proved the absence of the soil masses significant displacements in the
inclinometric boreholes arrangement area. The inclinometric observations made it possible to control
the displacements of soil masses, the activity of which could lead to the deformation processes in the
buildings and territories of the surrounding development adjacent to the construction site. The
landslide processes control made it possible to safely carry out the construction work, as well as to
ensure the residents safety in the vicinity of the construction site.
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Introduction

Within the existing development in the Pechersk District of Kyiv a new construction site was located.
The results of the slope stability assessment and the preliminary assessment of the pit fencing possible
deformations during its excavation showed the relevance of their monitoring. Based on calculations,
in one of the models the slope stability coefficient reached 1.250, which was equal to the limit value
according to the current building codes. Therefore, it was decided to monitor the processes of the soil
masses deformations using the inclinometry method. According to calculations, the activation of the
soil masses displacements could lead to the emergence of unexpected processes of the buildings
deformations in the surrounding development and create a danger to residents.

Monitoring slope deformations in dense urban development requires combining geodetic,
geotechnical, and instrumental approaches that can operate under dynamic loads. At the regional
scale, GNSS studies in Ukraine (Doskich, Savchuk, & Dzhuman, 2023) outline stress fields,
providing a background for local geotechnical interpretation. At the site level, inclinometry is the
most effective tool, allowing identification of displacement phases, slip depths, and ensuring safe
construction sequencing. Previous studies (Lytvyn, 2025) emphasize the need to integrate monitoring
with stabilization measures, particularly under dynamic influences such as vibrations and traffic loads.
Regional case studies (Kaliukh et al., 2023; Shokarev et al., 2021) confirm the sensitivity of slopes
and retaining walls even to short-term impulses, while recent works (Zabolotny et al., 2023) highlight
the importance of high-frequency observations and combining inclinometry with piezometric,
acoustic, and accelerometric data, etc. Overall, inclinometry is considered the core of monitoring
systems in dense urban settings.

The inclinometric monitoring in Kyiv envisaged designing and arranging an observation station as an
inclinometric boreholes network, taking into account the soils’ physical and mechanical properties.
The locations for the boreholes were selected in such a way that their positioning coincided with the
critical points of probable slope deformations. In this case, three inclinometric boreholes were
designed to a depth of about 30 m along the Klovskyi Slope, between the fencing of the new
construction pit and existing buildings. Their depths were as follows: IC-1 — 29.5 m, IC-2 — 28.5 m,
IC-3 — 29.0 m. The arrangement included four stages: drilling beyond the design depth, installing the
inclinometric shaft, cementing the intertube space, and arranging the wellhead with inspection
hatches. The monitoring station was built in July 2015. The boreholes layout in the Klovskyi Descent

area of Kyiv is shown in Fig. 1.
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Figure 1 Design diagram of the inclinometric boreholes IC-1, IC-2 and IC-3 arrangement
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Method and theory

The inclinometric boreholes (IC-1, IC-2 and IC-3) were arranged during three days: IC-1 on
08/13/2015, IC-2 on 08/14/2015, and IC-3 on 08/12/2015. The MEMS 61000 1M inclinometer with
the GK-603 device was used for measurements. The soil masses horizontal displacements were
monitored at three boreholes during 1084 days, from August 21, 2015 to August 09, 2018 with a
frequency of twice a month. A total of 72 cycles were carried out (Interim report on scientific and
technical work, 2015), (Final report on scientific and technical work, 2019).

The similar issues of the new construction safety in complicated engineering and geological
conditions, including geotechnical accidents and excessive tilting of multi-storey buildings, dynamic
impacts of natural and man-made origin, new construction impact on existing buildings and structures
in conditions of dense urban development have been considered in many works of foreign and
domestic scientists, among which (Yakovenko, 2020, 2021), etc. should be mentioned.

Office processing and assessment of the measurement’s accuracy

The measurements error of the instrument (MEMS 61000 1M inclinometer with GK-603 device) was
+4 mm per 30 meters of the inclinometer borehole shaft height with a local deviation of no more than
+ 15° from the vertical. To analyze the assessment of the measurement’s accuracy and quality, tables

of control characteristics were compiled. As an example, Table 1 for the IC-1 borehole is given.

Table 1. Comparison of IC-1 control characteristics

IC-1
nﬁfrflif:r Checky Checkpg O14° 0;5° AA,, mm | ABj, mm
1 -6 12 0.089 1.368 64 1248
6 16 8 0.057 1.364 32 1258
12 16 3 0.047 1.373 32 1261
18 16 9 0.046 1.386 35 1268
24 17 19 0.040 1.380 35 1273
30 -14 13 0.071 1.358 70 1252
36 -8 5 0.065 1.363 68 1259
42 -6 32 0.068 1.370 70 1259
48 -5 -5 0.069 1.356 71 1255
54 -9 10 0.068 1.378 71 1259
60 -9 17 0.070 1.365 73 1255
66 -6 -2 0.073 1.364 73 1260
72 -7 -1 0.070 1.368 73 1264

The control characteristics include: Checksum Checks and Checkp, which characterizes the
measurements quality. Local inclination 8.4, 0.5 of the shaft axis in the plane A and B, which is
determined in degrees. Cumulative displacement AA, ABy of the shaft axis in the plane A and B,
which is determined in millimetres. Based on the results of the calculated cumulative displacements,
the corresponding graphs of the actual planar position of the IC-1 shaft axis relative to the vertical
were constructed.

Results of inclinometric monitoring

In the inclinometric borehole IC-1 the following maximum deviations from the initial profile were
recorded: axis A: H= -3.0 m, +13.2 mm deviation; axis B: H= -1.5 m, +13.7 mm deviation. The
recorded maximum displacements were concentrated mainly at a depth of -0.5 m (the absolute
elevation of 169.700 m). In Fig. 2 the view of the strut actual position (in the 72nd cycle) relative to
the initial one is shown. The entire observation period could be divided into three phases of activity:
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the first phase of the low displacement activity from August 2015 to April 2016 had the horizontal
displacements increase of up to 5 mm; the second phase of the rapid activity from April to August
2016 had the increase of up to 13 mm; the third phase of the moderate development from August
2016 to August 2018 had the increase from 13 mm to 18 mm.

In the inclinometric borehole IC-2 the following maximum deviations from the initial profile were
recorded: axis A: H= -0.5 m, +11.4 mm deviation; axis B: H= -0.5 m, -1.7 mm deviation. The
recorded maximum displacements were concentrated mainly at a depth of -0.5 m (the absolute
elevation of 169.200 m). The entire observation period can be divided into two activity phases: the
first phase of the low displacement activity from August 2015 to February 2016 had the horizontal
displacements increase of up to 5 mm; the second phase of the moderate activity from February 2016
to August 2018 had an increase of up to 14 mm.
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Figure 2 The IC=1 planar position in the 72nd cycle, mm

In the inclinometric borehole IC-3 the following maximum deviations from the initial profile were
recorded: axis A: H= -0.5m, +7.0 mm deviation; axis B: H= -0.5m, -3.2 mm deviation. The
recorded maximum displacements were concentrated mainly at a depth of -0.5 m (the absolute
elevation of 165.900 m). The entire observation period can be characterized by one phase of
moderate development with an increase of up to 8 mm during the entire monitoring period; during
the intervals the activity minor increases reaching up to 10 mm were recorded.

Conclusions

Summarizing the experimental results of inclinometric studies, it can be stated that there were no
significant displacements of soil masses in the inclinometric boreholes IC-1, IC-2 and IC-3
arrangement area. The inclinometric observations made it possible to control the displacements of soil
masses, the activity of which could lead to the deformation processes in the buildings and areas of
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surrounding development adjacent to the construction site. The landslide processes monitoring
allowed to safely carry out the construction work, as well as to ensure the safety of staying in the
vicinity of the construction site.
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