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SUMMARY

Peculiarities of mathematical modelling of the “soil base-foundation” system at dynamic
loads from the subway using the finite element method and the direct dynamic calculation
method based on real accelerograms are considered. The calculations were performed using
Midas GTS NX, which is a specially designed program for modelling the interaction between
buildings and their foundations. In the program environment, all types of field conditions can
be implemented using nonlinear calculation methods. As part of the development of the
model, it was verified with the results of vibrodynamic studies at the facility. To do this, the
numerical model adjusted the dynamic characteristics of soils and load parameters on the
subway tracks in order to achieve a difference between the calculation results and the results
of field tests of not more than 15%. In the process of model verification, the scale factors for
dynamic loads and damping parameters of materials were adjusted to bring the results in line
with vibrometric studies. The obtained results show that due to the soil base geological
structure and the existing dynamic influences there is a significant risk of the additional base
deformations due to the phenomena of vibrocompression and thixotropy.
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Introduction

The active development of underground urban space (the underground construction of parking lots,
subways, and other industrial and social facilities) violates the natural hydro-geological regime.
Consequently, in the process of building 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. Peculiarities of mathematical modelling of the “soil
base-foundation” system at dynamic loads from the subway using the finite element method and the
direct dynamic calculation method based on real accelerograms are considered. The calculations were
performed using Midas GTS NX (Midas Civil On-line Manual, 2018), which is a specially designed
program for modelling the interaction between buildings and their foundations. The program provides
support for taking into account different conditions and different analytical methodologies for
modelling real-world phenomena. In the program environment, all types of field conditions can be
implemented using nonlinear calculation methods. The theoretical and methodological issues of the
monitoring design and organization in Ukraine are deeply enough analyzed in the works of the
modern Ukrainian scientists (lvanik, 2011, 2015, 2019; Kaliukh, 2013, 2019; Lacasse, 2015; Lebid,
2019, 2020; Lollino, 2006; Shekhunova, 2019; Trofymchuk, 2013, 2019) and others.

Monitoring of geotechnical “diaphragm wall”

“Diaphragm wall” is a highly effective way of enclosing the site of buildings underground parts
construction in difficult hydrogeological conditions in dense urban development. In this regard, the
approach is subject to increased requirements as to ensuring the preservation of the surrounding urban
development adjacent to the construction site. The “diaphragm wall” construction minimizes the
urban environment disturbance, prevents the pollutions of air basin, surface water and groundwaters,
and ensures the stability of nearby buildings, their foundations, and utilities. Moreover, the
settlements of the soil massif and soil surface outside the “diaphragm wall” are also practically
excluded. The geotechnical monitoring allows to prevent and eliminate the adverse factors appearance
and influence in the construction works execution in the process of a “diaphragm wall” arranging in
the existing historic development areas. It includes a set of instrumental measurements that allow the
on-line control over the surrounding building structures state in the process of a “diaphragm wall”
arrangement to ensure the safety and compliance with technological regulations and regulatory
requirements. After the “diaphragm wall” erection, the geotechnical Monitoring allows to quickly
assess the technical condition and maintain the new structures erection in the area enclosed with
“diaphragm walls”, timely detect the defects and ensure the trouble-free construction works at all
stages. It allows to assess the design data compliance with the actual deformations and stresses arising
in the structures, and to reduce the construction cost and duration by means of optimizing and revising
the design and technological solutions. The geotechnical monitoring main purpose at the “diaphragm
wall” arrangement stage is to ensure the construction site and environment safety during the
geotechnical and construction works execution. During the “diaphragm wall” arrangement in a
complex with other construction works (protective measures performance, pit excavation, tunnel
penetration etc.) it is necessary to carry out geotechnical monitoring including the following types of
works: measurement of the possible enclosing structure displacements (when arranging the pit); on-
line measurement of the main load-bearing structures displacements in existing buildings or structures
having the operational preliminary conclusions and forecasts of their technical state changes; on-line
monitoring of the soil mass condition around the construction site; on-line monitoring of the site
hydrogeological conditions. In publications (Annex G St.Petr., 2019), as an example of the
“diaphragm wall” geotechnical monitoring application the organization and conduct of works at the
construction sites located in the St. Petersburg historic center is considered. The project of the historic
building conversion into the hotel envisaged the basement storey adding in the building preserved part
and the building courtyard deepening in order to arrange the underground space for engineering
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equipment premises. During the construction works execution, a geotechnical monitoring was
organized with the purpose to ensure the safe performance of the geotechnical works package during
the pit arrangement and building underground part construction (Fig.1) (Annex G St.Petr., 2019).
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Figure 1 The geotechnical monitoring scheme for the “diaphragm wall” arrangement (Annex G
St.Petr., 2019)

Application in the restrained urban conditions of the Hostynnyi Dvir building
The calculations purpose is to assess the subway dynamic loads impact on the soil base of the

Hostynnyi Dvir building Fig. 2 (to predict changes in its stress-strain state).
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Figure 2 The layout of the Guest House building. Two red stripes are the subway lines
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Calculation model was implemented in the software package Midas GTS NX using the finite element
method (Midas Civil On-line Manual, 2018). Modelling of soil behaviour was performed by means of
the Mohr-Coulomb model. The dynamic calculations of the "base-foundation” system were
performed by the direct dynamic method of Linear Time History. The Direct method is a non-
stationary calculation using the degrees of freedom of the entire calculation area as variables. The
GTS NX uses the a method (NNT-a) of implicit direct integration (Midas Civil On-line Manual,
2018). The NNT-o method is a general form of the Newmark method and is endowed with a
controlled numerical damping effect. Like the Newmark method, this effect has a second-order
accuracy for time steps and can be used to control high-frequency noise (Midas Civil On-line Manual,
2018). The numerical model was designed for dynamic loads caused by subway trains movement
under the Guest House building. As part of the model development, its verification was performed
with the results of the object vibrodynamic studies. For this purpose, the soils dynamic characteristics
and parameters of the metro track loads were adjusted within the framework of the numerical model
to achieve a difference between the calculation results and the field tests results not exceeding 15%.
Train movement loads were applied as dynamic nodal loads using one of the Midas GTS NX data sets
for different types of trains. A six-car train of the EL-18 Standard type was selected. The speed of 60
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km/h and the passage time under the building of 3 s were taken. The scale factor for the calculated
loads was assumed to be 5 and was selected during the model verification to bring the results in line
with vibrometric experimental studies. In Fig. 3 are shown the assessment of the maximum zone of
influence of the dynamic impact during the movement of one and two trains.
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Figure 3 The maximum zone of influence of the dynamic impact during the movement of two trains

The obtained results show that due to the soil base geological structure and the existing dynamic
influences there is a significant risk of the additional base deformations due to the phenomena of
vibrocompression and thixotropy. It is established that when subway trains pass, the maximum values
of accelerations in the soil under the foundations base reach 0.30 m/s®>. The amplitude of
displacements is up to 0.018 m. For the options with one and two trains movement the vibrations
maximum values practically do not change, at the same time the range of the maximum vibrations
action considerably increases. The maximum zone of influence has a width of 77 m and a depth of 16
m. Within the subway influence zone, the values of the soil base stresses vary in comparison with the
values obtained for static loads. Within the compressed layer the vertical and horizontal stresses vary
by + 3-20% and + 6-30%, respectively, depending on the location relative to the subway tunnel.
Given the significant dimensions of the building compared to the active subway influence area, these
phenomena may be local in nature, which leads to the manifestation of significant deformations
unevenness.

Conclusions

1. The general concept of the geotechnical monitoring 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.
This information should be provided in the database form, which will facilitate the further use. At the
first stage of the monitoring soil failures surveys there was a variety of monitoring systems, which
mainly collected an information about the object or phenomenon under study.

2. Based on the calculations data, it is possible to estimate the degree of additional uneven settlements
risk and their duration over time, also using the literature data based on studies by other authors, in
particular Tablel of the document (Annex G St.Petr., 2019). According to the above data and in
accordance with the results of vibrometric studies and modelling, in the Hostynnyi Dvir soil base
there are dynamic influences that have led to the manifestation of the additional attenuating
settlements of foundations at a rate of 0.002-0.003 m/year. In the active zone, directly above the
subway, the undamped foundations settlements can have a rate of 0.003-0.005 m/year. These data
correlate with the nature of the building damages detected during visual inspections.
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