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SUMMARY

The active development of underground urban space (the underground construction of
parking lots, subways, etc.) violates the natural hydro-geological regime. Artificial barriers to
groundwater filtration cause waterlogging, i. e. underground water rising. As a result, the
basements are water damaged, the concrete structures corrosion accelerates, and the service
life of buildings, in which the sanitary norms of their operation are not observed, becomes
reduced. Consequently, in the process of buildings operation, the stress-strain state of the
“base-foundation-superstructure” system undergoes the changes under the influence of the
above factors, and the new one evolves. In many cases, this leads to the building structures
deterioration, emergencies, and a significant reduction of the structures reliability. The
general concept of the geotechnical Internet of Things (loT) for the restrained urban
conditions is offered. Their application will contribute to the deepening of the soil failures
scientific understanding and will provide the accurate mapping of landslide hazard zones and
their destructive potential assessment. The 10T soil failures surveys there was a variety of
monitoring systems, which mainly operated as an information collection about the object or
phenomenon under study. The system should disclose the stress-strain state specificity of the
structures and foundation part of the building.
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Introduction

Today in Ukraine more than 11 thousand houses are in an emergency condition. In the center of Kyiv,
a new construction scandal related to the “Elegant” residential complex construction at 118
Zhylianska Street has erupted (They are no longer building, but still selling. Top 10 illegal housing
complexes in the capital). At the very beginning of its construction, when at the piling stage the
neighboring five-storey house cracked, the residents had to be relocated. As a result, an old five-
storey mansion and a one-storey building next to the construction site were demolished at 120-B
Zhylianska Street. A huge pit was dug at this place. The residents of nearby houses are afraid that the
walls of their houses can fall, as cracks have already appeared on the upper floors. Another possible
ground accident united the residents of apartment blocks 3, 5, 5a, 7 on Lesia Ukrainka Blvd. and three
other dwelling houses on Mechnikova Street due to their yard development. And the problem is not
only that the Kyiv inhabitants do not want to compact. The problem is that their houses are built on a
landslide hazard slope. “Seismic” equilibrium can be disrupted by any construction equipment
intervention. The buildings on Lesia Ukrainka Blvd. will simply slide down to Mechnikova Street
(Pechersk. new building on a dangerous slope: power, greed, bats and landslides). It can become a
tragedy worse than Dniprovska, where a landslide obliterated a high-rise building (Cracked
metropolitan houses can only count on the installation of "beacons"). Many scientists in the world
examine the similar problems. The most known researchers in the field of geotechnics include the
names of (Di Biagio, E., 2007), (Kaliukh, 2013, 2019), (Lacasse, 2015), (Lollino, 2006), (Trofymchuk,
2013, 2019), (Voloshkina, 2020, 2021) etc.

The theoretical and methodological concept of the 10T in the restrained urban conditions

The above information analysis and numerous examples of new construction in the restrained urban
conditions in Kyiv showed that it became necessary to launch a theoretical and methodological concept of
the Internet of Things (IoT) for construction in the restrained urban conditions to avoid and prevent the
future ground accidents. The main difference between the soil and other geotechnical structures relates to
the control stage. In the process of the foundation structures monitoring, the underlying soil surface quality
is checked, and deviations from the expected values of the soil physical and mechanical properties
(regarding the geological and partly the geotechnical models) may cause the corresponding changes in the
design. Similarly, monitoring should be applied to underground structures and pits, because when
excavating the soil, the geological model is checked for compliance with actual data. According to the
definition of the United Nations International Strategy for Disaster Reduction (UN International Strategy
for Disaster Reduction, UNISDR 2009 (United Nations International Strategy for Disaster Reduction,
2009), “the Early Warning System (EWS) is defined as “the set of capacities needed to generate and
disseminate timely and meaningful warning information to enable individuals, communities and
organizations threatened by a hazard to prepare and act appropriately and in sufficient time to reduce the
possibility of harm or loss". This is a general definition that can be applied to any hazard and does not
contain any direct references to ground accidents. Regardless of the definition and the hazard under
consideration, the EWS is used to reduce the risks by minimizing the impact on the various systems
elements at risk. The general 10T in geotechnics consists of a set of physical objects, in each of which:
there is a microcontroller providing the intelligent functions; there are a sensor for linear/angular
deformations and accelerations measurement, and an actuator coming into action due to overcoming the
predetermined threshold value of any physical parameter measured by the sensitive element; information
from the geotechnical 10T components and devices is accumulated in the database by means of the Internet
or any other local network, etc. (Ukraine Building Code. DSTU-N V.1.2-17:2016, 2017).

The geotechnical 10T during the Poshtova Square reconstruction

The Poshtova Square located in the Kyiv downtown is bounded by the Embankment Highway along
the banks of the Dnipro River and Volodymyrskyi Descent at the foot of Volodymyrska Hill, under
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which the subway tunnels pass. The Square is built up with many buildings, including the Post
Building (a historical monument of the 19th century, which gave the Square its name), the Nativity of
Christ Church, the river-boat station, and the early and mid-20 century administrative buildings group.
Complicating geotechnical conditions of the site include the weak water-saturated soils of the Dnipro
River floodplains sediments, high groundwater level regulated by subway tunnels and the
Volodymyrska Hill landslide hazard slope. The existing buildings, highways and subway lines impose
the increased requirements to the design solutions regarding the consideration of the dynamic effects
of various intensities and magnitudes. The Poshtova Square reconstruction is one of the largest
infrastructure projects in Kyiv in recent years. The large traffic flows in the north-south direction pass
through the area, and the lack of a modern transport hub in this area complicates the traffic and
enhances the corresponding dynamic impacts. During works execution the problems of the historical
and architectural monuments and other surrounding buildings preservation, ensuring the subway line
reliable operation and the strength and reliability of buildings under construction, the territory
hydrogeological regime preservation and other issues were solved. According to the current norms
recommendations, the preparatory work for construction and the construction itself should be carried
out with the object scientific and technical support. The vibrodynamic study at the construction site
was one of the important measures to control and satisfy the requirements of applicable regulations.
To determine the real dynamic loads on the soil and landslide protection structures of the pit,
vibrodynamic studies of the soil and individual civil structures of the Poshtova Square buildings were
performed based on the loT use. Vibration signals are recorded by model 731A one-component
vibration transducers (vibration detectors) produced by Wilcoxon Research (USA). The levels of test
objects vibrations are assessed based on the vibration accelerations measurements by means of the
mentioned vibration detectors under the dynamic influences caused by the movement of land
transport, subway trains and construction equipment operation. The frequency of the discrete time
sampling of the vibration accelerations time signals is 0.004 s. The vibration signals recording module
uses a Sigma-Delta analog-to-digital transducer board. The resolution capability of the analog-to-
digital transducer board is 24-bit. The bandwidth of the Wilcoxon 731A vibration detector is 0.05 -
450 Hz with the established amplitude-frequency characteristics nonuniformity of +3 dB. Processing
of vibration measurement results was performed using a “Seismomonitoring” specialized software,
which implemented a spectral method of vibration signals processing (User's Guide, 2009). The
vibrometric equipment listed in Table 1 was verified in Ukrmetrteststandart and the verification
certificates were issued.

The typical amplitude spectra of the Poshtova Ploshcha subway station structures vibration
accelerations in the vertical directions are presented in Figures 1. The vertical axis is acceleration
(m/s?) and the horizontal one is frequency (Hz).
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Figure 1 The amplitude
vibration accelerations

The maximum value of the vibration accelerations amplitudes with the simultaneous action of all types of
dynamic impacts being taken into account, which was recorded for the Poshtova Ploshcha subway station
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civil structures, at the station platform was 0.35 m/s” for the vertical layout and 0.35 m/s® for the horizontal
one. The maximum value of the vibration accelerations amplitudes with the simultaneous action of all
types of dynamic impact being taken into account, which was recorded for the Poshtova Square
reconstruction site soil, was 0.073 m/s® for the vertical layout and 0.51 m/s? for the horizontal one.

Conclusions

Based on the results of the field vibrodynamic surveys of the Poshtova Ploshcha subway station
structures and the vibrodynamic surveys of the soil and walls of the reconstruction site pit, when they
are influenced by vehicles, construction equipment and subway mabile trains, carried out with the loT
use it is possible to draw the following conclusions:

1. The recorded maximum values of the soil surface vertical vibration accelerations at the location of the
retaining wall on the Poshtova Square reconstruction site are 0.073 m/s? with the simultaneous action of
vehicles, construction equipment and subway trains being taken into account. At a depth of 13 m, the
design values of the soil vertical accelerations are 0.19 m/s’.

2. The recorded maximum values of the soil surface vertical vibration accelerations at the location of the
retaining wall on the Poshtova Square reconstruction site are 0.073 m/s® with the simultaneous action of
vehicles, construction equipment and subway trains being taken into account. At a depth of 13 m, the
design values of the soil vertical accelerations are 0.19 m/s°. The recorded maximum values of the soil
surface horizontal vibration accelerations at the retaining wall location on the Poshtova Square
reconstruction site are 0.151 m/s* with the simultaneous action of vehicles, construction equipment and
subway trains being taken into account. At a depth of 13 m, the soil accelerations design values are 0.39
m/s’. The recorded maximum values of the Poshtova Ploshcha subway station structures horizontal
vibration accelerations are 0.30 m/s’, when one train moves. When two subway trains move
simultaneously, the dynamic horizontal loads on the station structures do not exceed 8 % of static loads.
3. The recorded maximum values of the Poshtova Ploshcha subway station structures vertical vibration
accelerations are 0.35 m/s?, when one train moves. The dynamic vertical loads on the station structures
do not exceed 9 % of static loads, when two subway trains simultaneously move. The frequencies of the
Poshtova Ploshcha subway station structures and reconstruction site soil vibrations under the subway
trains influence are recorded in the range of 20-90 Hz.

4. When a single subway train moves during a certain period of time, the dominant frequency of the
Poshtova Ploshcha station platform vibrations is f=44.8750 Hz. When two subway trains move
simultaneously, the dominant frequency of the station platform vibrations is f=70.6250 Hz. When three
subway trains move simultaneously, the dominant frequency of the station platform vibrations is
f=88.0938 Hz.

5. To further control the soil and subway station structures vibrations levels, it is advisable to conduct
the comprehensive research using the geotechnical 10T in a restrained urban development.
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