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SUMMARY

The report is devoted to the actual topic of determining the levels of transport vibration acting on
the shopping and entertainment center (SEC) during its construction and operation. Since the
SEC is built on a pile foundation directly above the metro station, it is exposed to two types of
transport vibrations: from the subway trains movement and land transport movement with
intensive traffic during "peak" times. Based on the results of experimental monitoring studies, it
was found that when checking the structures bearing capacity of the Heroiv Dnipra metro station
and SEC, the dynamic vertical and horizontal loads must be taken into account with a coefficient
of 1.2 from the static loads. When assessing the SEC structures bearing capacity and their seismic
resistance, a design 6-points seismicity should be taken in accordance with the current building
regulations of Ukraine considering the increased moisture of the base soils.
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Introduction

The dynamic surveys of the soil surface and platform at the Heroiv Dnipra metro station were carried out
in vertical and two horizontal directions under the subway trains and motor transport influence during the
shopping and entertainment center (SEC) construction and after its completion. The points of acceleration
sensors installation under the Heroiv Dnipra station platform during the vibrodynamic studies are shown
in Fig. 1.
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Figure 1 The acceleration sensors arrangement on the bearing structures of the Heroiv Dnipra metro station.

The vibrometric equipment arrangement on the foundation slab under the Heroiv Dnipra station platform
and soil surface above the Heroiv Dnipra station during the vibrodynamic surveys are shown in Fig. 2 and
Fig. 3, respectively.
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Figure 2 The vibration sensors arrangement on Figure 3 The vibration sensors arrangement on
the foundation slab under the Heroiv Dnipra the soil surface near the SEC to measure the
station  platform  to  measure  vibration horizontal and vertical vibration accelerations
accelerations under the subway trains influence.  due to the transport vibrations.
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Many Ukrainian and foreign scientists devoted their research to studying the transport vibration influence on
the surrounding buildings and nonlinear wave processes in soils and building structures. The works of
(Berchun, 2023, Kaliukh, 2023, Farenyuk, 2018, Sedin, 2019, Slyusarenko, 2005, 2010, 2023, Trofymchuk,
2022, etc.) are worth of mentioning.

Results

Based on the performed measurements and signal processing with the software tools, the recordings of
time signals of vibration accelerations and their spectra were obtained. An example is shown in Fig. 4.
The spectral analysis makes it possible to identify the frequencies, to which the spectra maxima of
structures vibrations during dynamic actions correspond.
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Figure 4 Record of the vertical vibration accelerations of the Heroiv Dnipra metro station platform
foundation slab along the Z direction during the subway trains movement: spectra 1, 2 and 3 are the
foundations of columns 9, 8 and 7, respectively, values, m/s’; time.

The presented graphs show that, in the amplitude spectra of vertical and horizontal vibration accelerations
of the Heroiv Dnipra metro station and SEC structures, the frequencies of their predominant vibrations
are 12-90 Hz under the subway trains influence. Based on the results of processing the acceleration
temporary signals, the maximum amplitudes for the vertical and horizontal vibration accelerations of the
examined structures are determined (Table 1 and Table 2).

Table 1 Recorded maximum vibration accelerations of the Heroiv Dnipra metro station foundations and
SEC ceiling structures in the X (perpendicular to the subway track), Y (along the subway track), and Z
(vertical) directions under the subway trains and SEC dynamic equipment influence.

Structure name Structure accelerations during| Structure accelerations under the
the subway trains movement, | SEC dynamic equipment and
cm/s? motor transport influence, cm/ s?
X Y V4 X Y Z
Platform foundation 42,0 35,0 45,0 17,0 18,0 (24,0
Foundations of columns 7, 8 and 9 17,0 14,0 19,0 15,0 14,0 (19,0
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Table 2 Amplitudes of the soil surface and ceiling vibration accelerations under the subway trains
(numerator) and SEC dynamic equipment (denominator) influence.

Vibrations Acceleration, cm/s?
Sensors direction Record No
1 2 3 4 5
1 X 22/9 19/7 17/5 17/3 15/3
2 Y 16/5 15/4 16/5 13/2 15/4
3 Z 35/22 27/21 32/19 29/18 27/19

Note: records 1-3 are made on the soil near the SEC; 4-5 at the SEC ceiling.

According to the results of analyzing the actual experimental data obtained for the vibration parameters
of the platform foundation slab, columns 7...9 foundations, soil near the Heroiv Dnipra metro station, and
SEC bearing structure (ceiling slabs and crossbars) during the subway trains movement and dust removal
system ventilation units and elevator operation, the following conclusions can be drawn: the vertical
vibration maximum acceleration of the Heroiv Dnipra station platform foundation slab is recorded during
the subway trains movement and equals to 45.0 cm/s*; the vertical vibration maximum acceleration of the
columns 7...9 foundations is recorded during the subway trains movement and equals to 18 cm/s*; for the
soil surface above the station the maximum vertical acceleration from 27 cm/s” to 35 cm/s” is recorded
under the subway trains influence.

The vertical vibration acceleration of the SEC slabs and crossbars is recorded during the vibroactive
equipment operation and equals to 18-19 cm/s?, which is less than the vibration acceleration under the
subway trains influence (29.0 cm/s?). The predominant frequencies of the station platform foundations
vertical and horizontal vibrations under the subway trains influence are recorded in the range of 20-90 Hz.
The predominant frequencies of vertical and horizontal vibrations of the soil surface near the SEC are
recorded in the range of 12-90 Hz.

Conclusions

1. The actual data obtained for the vibrations of the foundations of the Heroiv Dnipra metro station
platform and columns 7...9, and soil surface allow to conclude that the dynamic influence due to the SEC
vibrating equipment operation are 2 times less than the subway trains influence. The dynamic loads from
the Heroiv Dnipra metro station and SEC vibroactive equipment do not exceed the limit values (according
to DSTU GOST 12.1.012:2008 the allowable acceleration values for the framed industrial buildings
foundations are equal to 70 cm/s*). Therefore, the safe operation of the SEC and Heroiv Dnipra metro
station can be extended, considering the bearing structures calculations.

2. When checking the structures bearing capacity of the Heroiv Dnipra metro station and SEC, the
dynamic vertical and horizontal loads must be considered with a factor of 1.2 from the static loads. When
assessing the SEC structures bearing capacity and their seismic resistance, the design 6-points seismicity
should be accepted in accordance with the current building regulations of Ukraine, considering the high
humidity of the base soils.
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