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The Postal Square reconstruction is one of the largest infrastructure projects in Kyiv during the recent
years. The construction was carried out taking into account the structure high responsibility and the
complexity of the construction site engineering and geological conditions. At the same time the
following problems were addressed: ensuring the surrounding slopes shear deformations absence
during the pit arrangement and the structure construction and operation; surrounding buildings
integrity; preservation of the territory original hydrogeological regime; preservation of the
underground monuments of history and architecture. Based on mathematical modeling of the designed
complex and the construction site and upland area soil massifs, the design solutions for new buildings
are substantiated and developed, taking into account measures to ensure the subway and existing
buildings safety, as well as the groundwater flows regulation during construction and operation. The
slope stability during its cutting by the new building pit is checked by calculations. Thus, due to the
geotechnical calculations of the designed complex along with the soil massifs of the construction site
and upland area, structures design solutions and new buildings construction methods are developed
taking into account the green construction requirements, dense urban development, existing buildings
around and groundwater flows during construction and operation stages.

Keywords: green construction, restraint urban development, slope deformations, reconstruction,
hydrogeological regime
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Introduction

The Postal Square is in the downtown Kyiv and bounded by the Embankment Highway along the
Dniepro River and Volodymyrskyi Descent at the foot of VVolodymyrska Hill, under which the subway
tunnels pass. The Square is built up with many buildings, including the Post Building (the historical
monument of the 19th century, which gave the name to the Square), the Nativity Church, the river-boat
station and the early and mid-20th century office buildings group. The complicating geotechnical
conditions at the site include the weak water-saturated soils of the Dnipro River floodplains sediments,
high groundwaters level regulated by subway tunnels and landslide hazard slope of VVolodymyrska Hill.
The existing buildings and the subway line impose the strict requirements to the design solutions and
work execution as to their preservation ensuring. The reconstruction project envisaged the construction
of a bidirectional two-lane road tunnel and an above-ground transport overpass (the first stage of
construction), as well as a two-storey underground shopping complex of about 8,000 m? total area (the
second stage of construction) and complex landscaping with a park and fountain. The construction was
carried out considering the high structure responsibility for the city of Kyiv and the engineering and
geological constraints of the construction site. The requirements of geotechnical "green construction™ in
the conditions of compacted urban development were met. As Professor Vanic¢ek noted in his works, the
geotechnical structures were the very good examples of the "green building" concepts application
(Vanicek, 2013). The following issues were analyzed: . Designing should be performed with the
preservation of land areas (lands) located near the embankments or pits steep slopes. 1l. The natural fill
materials for landslide protection structures should be saved due to the alternative (natural) materials
use. Ill. The energy savings should be ensured over the entire estimated life of geotechnical structures,
which can be associated with many aspects. IV. The best technology choice and soil compaction control
are also the geotechnical important aspects in terms of energy savings. V. The retaining landslide
protection walls made of strengthened soil are more preferable comparing to the classic concrete gravity
retaining landslide protection walls. VI. The cultural heritage maximum preservation should be ensured
in the underground space. Based on the systemic approach the following problems were solved in the
process of work: 1) the integrity of the surrounding buildings, 2) ensuring the subway line reliable
operation, 3) the strength and reliability of buildings under construction, 4) the preservation of surveyed
area hydro-geological regime, 5) the preservation of underground historic and architectural monuments
and other issues.

Objects of the probable construction pit impact on the surrounding buildings
The underground facility is designed taking into account the mutual influence of the project and the Postal

Square surrounding structures (buildings), which include the transport interchange facilities and subway
tunnels, as well as the Post Office, the Church of the Nativity, and the Kyivpastrans building (Fig. 1).

Figure 1 Lay-out of the pit enclosure structures and hearby bUiIdings: the Church of the Nativity of
Christ; the Post Office; the Kyivpastrans building

The Post Office is the closest to the construction project with the distances 3.2 m from its end to the enclo-
sure boundary of the pit under the designed project and 5.6 and 9.0 m from the other two sides of the
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building to the pit enclosure boundary. The Post Office is a one-storey brick building with a basement. In
plan the building is rectangular with a rear protrusion and dimensions of about 23.60x17.60 m. The sur-
rounding development of the designed project on the Postal Square also includes the building of the
Church of the Nativity, located at a 9.0 m distance from the end and 11.0 m from the main facade to the
pit. Both in plan and in height, the building has a complex shape with 29.52x19.04 m dimensions in the
axes and the 14.04 m height of the church main part. Ata 15 m distance from the construction site there is
a "Kyivpastrance™ building. It is rectangular in plan with a maximum size of 65.0x17.0 m and a height of
15.0 m. Also, there are two subway tunnels near the construction site at distances of about 16.5 and 28.0 m
from the pit enclosure. The absolute elevation of the tunnel structures bottom is 95.770 m. Along the Al
axis on the site, the enclosure of the construction pit of a multifunctional object is made of 1020 mm
diameter secant piles with the use of C25/0 grade concrete for reinforced piles and C20/25 grade concrete
for non-reinforced piles. The reinforced piles spacing is 1480 mm. The pile tops are connected by a ground
beam. The absolute elevation is 104.400 for the piles tops and 78.500 m for the pile’s tips. The level of the
pit bottom is 96.000 m. Along the pit enclosure wall length (the length of the wall part along the Al axis is
74.7 m) the nine buttresses with three piles in each of them are arranged on the pit outer side. The
buttresses are combined with each other and with the main row piles by a 400-mm thick ground beam slab.
The pit enclosure in other parts of the pit walls, including the part around the Post Office, are made of 880-
mm diameter secant piles. The reinforced piles are made of C25/30 grade concrete and non-reinforced
piles are made of C20/25 grade concrete. The reinforced piles spacing is 1480 mm. Pile tops are joined by
a ground beam with a cross-section of 980x600 mm (Fig. 1). To eliminate the soil particles mechanical in-
ternal erosion due to the borehole’s execution for piles, around the Post Office building a protective screen
of micropiles is arranged with the depth of these piles” immersion reaching a layer of sand at the mark of
86.000 m. The pit enclosure system contains structural elements in the form of spacer structures that
participate in the soil pressure perception and transfer to other structures of the pit enclosure. The spacer
structures perform the temporary functions. They are deconstructed during the soil excavation from the pit
and the frame structures and underground facility floors construction. The loads from the soil pressure will
be transferred to the underground facility frame structures, which must be taken into account in their
design. The scheme of pit enclosure is shown in Fig. 1.

Mathematical modelling of the pit stress-strain state

Issues of mathematical and experimental modelling of soil mechanics, and especially landslide
processes, have been considered in many works of domestic and foreign researchers. It is reasonable
to mention such authors as (Barla, 2014), (Casagli, 2010), (Ishchenko, 2009, 2015), (Kaliukh, 2018,
2019), (Kopeika. 2001) and others. The good perspectives for modern software packages use for the
landslide-prone slopes and excavations stress-strain state modelling come-out of the works analysis.
Based on these results, the paper authors carried out the facility calculation with the software package
"LIRA-WINDOWS" application at the stage of the pit enclosure construction as a spatial system. In
(Fig.2) the nature of the element’s deformations in the pit enclosure calculation model is shown. In
(Table 1) the computational model nodes horizontal displacements values are shown for the line A, in
which the largest displacements values at the considered levels of pile deepening in the soil are
obtained. Since the horizontal displacements do not exceed maximum permissible values, in
compliance with the current Ukrainian building codes it is concluded that the piles arrangement for
the pit enclosure and fragment to the design mark of 96.000 m will not affect the Church of the
Nativity building (4 Postal Square) and the Kyivpastrans administrative building (2 Naberezhne
Highway Street). The values of the additional settlements of the Post Office building foundation (2
Postal Square) due to the pit enclosure structures arrangement and its development to the absolute
elevation of 96.000 m are approximately 3.8 mm, which does not exceed the allowable 20 mm.

Table 1 The values of the calculation model nodes horizontal displacements (mm) for the line A
Geodetic marks of the calculation level along the soil

The name of the facility axis mass depth
104.4/103.0{102.0{101.0{100.0{ 99.0(98.0/97.0{96.0| 95.0

Horizontal displacements (mm) of the

calculation model nodes for the line A 59.9157.9|56.1| 53.8| 51.4| 47.9|44.2| 40 |35.3| 31.3
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Figure 2 The deformed scheme of the pit enclosure: pit bottom

Unique artifacts

In 2015, during the planned works on the Postal Square, archaeologists discovered the well-preserved
unique artifacts — a log structure and a stacket, which, according to scientists, belonged to the times of the
Kyiv Rus of the 11-13th centuries. The found artifacts show that under the soil strata there are ancient
streets and buildings of ancient Kyiv belonging to the times of Kyiv Rus of the 11-13th centuries (Fig.3).
The news caused a public response. Kyivans, historians and just romantics demanded to stop construction

Figure 3 Plot of the coastal city quarter of the medieval Kyiv (the 11-19th centuries) on Postal Square

work on the Postal Square and continue excavations. Last year, Kyiv Mayor Vitaliy Klitschko agreed to
abandon the mall construction for a while and archaeologists received the green light. The Cabinet of
Ministers of Ukraine approved the category change for the "Plot of the coastal city quarter of the
Medieval Kyiv" monument on Postal Square in Kyiv to the national importance category and assigned it
a protection number 260094. Depth of occurrence begins from 2.5 — 8 meters. To save the 11th century
archeological finds from destruction, archaeologists covered them with earth. In 2019, a project was
developed, according to which an area of 110 m? is allocated for the museum.

Conclusions

Based on mathematical modelling (calculations) of the designed complex and the construction site
and upland area soil massifs, the design solutions for new buildings are substantiated and developed,
taking into account measures to ensure the subway and existing buildings safety, as well as the
groundwater flows regulation during construction and operation. The slope stability during its cutting
by the new building pit is checked by calculations. Thus, due to the geotechnical calculations of the
designed complex along with the soil massifs of the construction site and upland area, structures
design solutions and new buildings construction methods are developed taking into account the green
construction requirements, dense urban development, subway tunnels, existing buildings around and
groundwater flows during construction and operation stages. Now, the first stage of construction, i. e.
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the transport interchange, has been put into operation. The second stage with a two-storey
underground shopping complex and complex landscaping with a park and a fountain arrangement is
in the process of construction.
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