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SUMMARY 

The results of the geodetic monitoring of the first and second tracks walls, first and second tracks 
platforms and Heroiv Dnipra metro station platform middle zone settlements during the pile 
foundation arrangement from long bored piles for the shopping and entertainment center built 
directly above the metro station are examined. According to the complexity of the engineering and 
geological conditions, the construction area belongs to the II medium category of complexity. The 
following unfavorable physical and geological factors should be highlighted on the construction 
site: the subway line is directly under the construction site and creates the additional dynamic loads 
on the building structures; the soil base consists mainly of sands of medium density and medium 
coarseness in a water-saturated state. Near the building there are traffic routes with heavy traffic 
during peak traffic times. The obtained data indirectly indicate that the additional loads on the 
existing civil structures of the metro station have arisen causing their reliability decrease in a whole. 
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Introduction 
 
The survey object is the area of the shopping and entertainment center (SEC) construction with underground 
shopping and technical premises at the intersection of Obolonskyi Avenue and Heroiv Dnipra Street in the 
Obolon District of Kyiv. A shallow subway line passes under the shopping and entertainment center building. 
The subway trains operate on regular (non-vibration-isolated) tracks. The subway trains under the SEC 
building move at variable speeds in acceleration or deceleration modes. Human-induced activities can cause 
various negative changes in engineering and geological conditions. Large-scale construction, the installation 
of water-bearing communications, water consumption from these systems, the laying of asphalt or other hard 
coverings over large areas (reducing the active filtration area), excavation of construction pits, and the 
installation of pile-type foundations can disrupt underground water flow conditions and the natural drainage 
of atmospheric precipitation and meltwater beyond the construction site. These factors also alter the moisture 
migration conditions in the aeration zone.  
Vibrational impacts, especially cyclic and prolonged ones, can lead to changes in the technical condition of 
buildings, modifications in soil foundations, and deterioration of sanitary and hygienic conditions for 
occupants. Periodic reports in specialized literature highlight the negative effects of vibrations from transport 
sources. However, these effects are generally not considered during new construction or the renovation of 
existing buildings. Given the increasing urban density, transport-induced vibrations are among the most 
significant factors affecting the technical state of buildings. Notably, the negative consequences of vibrations 
are significantly amplified by changes in the hydrogeological regime, which is a characteristic feature of 
large cities undergoing intensive densification. Additionally, the significant wear and tear of transportation 
infrastructure, including railways, roads, tram tracks, and the presence of construction defects in 
transportation lines, as well as excessive vehicle speeds, further emphasize the complexity of the problem 
and the urgent need to find solutions. Table 1 presents the results of studies on the parameters of dynamic 
impacts from transport sources.   

 
Table 1 Parameters of vibrations from transport-induced dynamic loads. 

Source Frequency Vibrovelocity of soil 
particles Vibroacceleration of soil particles Influence Zone 

Hz 10-3 m/s dB 10-3 m/s² dB m 
Railway 10-70 16-50 110-120 1-22 70-97 150-300 

Tram Line 20-45 1,6-160 90-130 0,5-45,2 56-103 150-300 
Subway 30-60 0,3-300 75-135 10-1800 90-135 6-120 
Highway 10-20 0,005-0,07 40-65 0,0003-0,011 до 31 40-100 

 
When predicting vibrations, it is necessary to consider multiple factors: the physical and mechanical 
properties of soils, the propagation paths of ground waves, and the characteristics of both the vibration source 
and the affected object. The increase in the volume and types of freight traffic, as well as the rising load 
capacity, speed, and intensity of transport, necessitates obtaining both qualitative and quantitative 
assessments of transport-induced vibrations and their effects on buildings and structures. This assessment 
can be conducted based on a comprehensive study that includes a review of literature sources, expert 
evaluations, field research results, and mathematical modeling. The dynamic load parameters determined 
under field conditions serve as initial boundary conditions for solving the problem of determining the stress-
strain state of the "soil-structure" system.  
Issues related to the impact of new construction on surrounding buildings have been explored in numerous 
studies by Ukrainian and foreign researchers, such as Berchun (2023), Kaliukh (2023), Farenyuk (2018), 
Slyusarenko (2005, 2010, 2023), and Trofymchuk (2022), among others. According to their research, these 
theoretical and methodological problems primarily depend on the correct assignment of initial boundary 
conditions for mathematical modeling and calculations of such effects, which are discussed further in this 
report. 
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The engineering-geological elements within the construction site boundaries 
 
In August 2016, the engineering and geological surveys were conducted at the construction site. The survey 
area is in a tectonically complex zone of transition from the Ukrainian Crystal massif in the west to the 
Dnipro-Donetsk depression in the east. According to the engineering and geological conditions complexity, 
the construction area belongs to the II medium category of complexity. For the construction site the following 
unfavorable physical and geological factors should be emphasized: the subway line is directly under the 
construction site, which creates the additional dynamic loads on the building structures; the soil base consists 
mainly of the medium density and medium coarseness sands in a water-saturated state. The interlayers of 
EGE-6a medium-coarse loose sands and EGE-3 slightly peated soils, prone to additional compaction under 
dynamic loads, are found in the section. The mechanical suffusion of the base soil dusty particles under the 
dynamic influences and groundwater level fluctuations is possible. Near the building there are traffic routes 
with heavy traffic during peak traffic times. Based on the results of engineering and geological studies, the 
use of pile foundations and structural measures in accordance with the requirements of the State Building 
Standards DBN V.2.1-10:2018 was recommended. 
 
Geodetic monitoring of the SEC foundation piles arrangement effect on the subway tracks  
 
The cross-section showing the SEC piles arrangement above the Heroiv Dnipra metro station is shown in 
Fig. 1. The geodetic observations of the subway tracks and walls were carried out inside the station at night 
times during the SEC piles arrangement. A few results are shown in Table 2 and Table 3. 
 

 

Figure 1 The piles arrangement in relation to the metro station (rectangle in the middle of the figure). 
 
Table 2 Settlements of the first track wall. 

Reference 
points 

Initial 
elevation 

28.07.2016 

01.09.2016 23.09.2016 01.109.2016 07.10.2016 17.10.2016 29.10.2016 

1 39600 39598 39595 39596 39594 39595 39595 
2 39702 39701 39699 39699 39698 39698 39697 
3 39750 39741(9) 39738 39738 39738 39738 39736 
4 39804 39792(12) 39788 39788 39787 39788 39788 
5 39875 39867(8) 39854(13) 39853 39853 39855 39854 
6 39924 39919(5) 39913(6) 39912 39912 39912 39912 
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Table 3 Settlements of the first track platform. 

Reference 
points 

Initial 
elevation 

28.07.2016 

01.09.2016 23.09.2016 01.109.2016 07.10.2016 17.10.2016 29.10.2016 

1 40773 40771 40770 40770 40768 40771 40768 
2 40771 40768 40767 40762(5) 40768 40772 40772 
3 40796 40795 40790(5) 40790 40791 40795 40794 
4 40846 40840(6) 40838 40837 40839 40842 40836(6) 
5 40907 40902(5) 40900 40900 40900 40902 40905 
6 40988 40983(5) 40979 40977 40979 40982 40982 
7 41052 41047(5) 41047 41042 41042 41046 41043 
8 41058 41053(5) 41050 41048 41050 41050 41052 

 
Conclusions 
 
1. Geodetic monitoring of the influence of the SEC pile foundation arrangement in the immediate vicinity of 
the Heroiv Dnipra metro station civil structures showed that the first track wall settlements have reached the 
maximum values of 12-13 mm. The recorded maximum settlements of the first track platform have reached 
6 mm. The similar values were also recorded for the middle hall of the metro station platform, and the second 
track platform and wall. 
2. The obtained data indirectly indicated that the additional loads on the existing civil structures of the metro 
station have arisen, which affected their reliability in a whole.  
3. Uneven settlements of subway tracks caused additional dynamic loads on the soil base of the tracks due to 
increased vibrational oscillations during wheel movement on deformed tracks.  
4. To predict the soil foundation's response to calculated dynamic impacts and forecast deformations, 
additional soil studies must be conducted using vibration test benches and other methods. These studies 
should examine soils under dynamic impacts with parameters corresponding to those obtained from 
experimental results. 
5. The research findings can be used to predict additional deformations of foundation soils and, accordingly, 
refine the stress-strain state of metro station structures under conditions of uneven deformations and 
continuous dynamic impacts. 
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