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EXPERIENCE IN STRENGTHENING UNDERGROUND PEDESTRIAN CROSSINGS IN
WATER-SATURATED CITY SOILS

Purpose: to analyze the problem of subsidence of vertical and horizontal elements of
underground pedestrian crossings in the conditions of the city of Kyiv (Intersection of
Mineralna — Ukrainian streets) taking into account the water-logged structure of the soil. Find
a modern solution to this problem using a scientific approach. Using the example of an
underground pedestrian crossing, identify the most deformed areas in the elements of the joints
of vertical and horizontal structures for further processing and drawing a conclusion for the
elimination of similar ones in the future.

Methodology: in order to establish the reasons that caused the deformation of structures,
to solve the task of engineering survey of the technical condition of their reinforced concrete
structures with an instrumental survey of the actual strength, geometry and monitoring of
uneven precipitation. Based on the results of field and chamber work, a complex of
strengthening and restoration engineering and technical measures was developed and
recommended to the customer for implementation, taking into account the requirements.

Originality: the article provides an example of the implementation of the construction of
the foundations of underground pedestrian crossings erected on water-saturated soils in
complex engineering and geological conditions using construction water subsidence, using
technological methods, with the aim of excluding uneven deformations of foundation sediments
above the zones of depression funnels from water subsidence or artificial foundations from
vertical cement-soil reinforcing elements, the frontal part of which must be wrapped in reliable
base soils.

Findings and practical implications. The sealing of horizontal and vertical technological
and sedimentary-temperature seams in the construction of foundations, walls and the covering
of underground structures should be carried out using modern types of hydraulic plugs that
perceive the hydraulic pressure from underground water and exhibit the property of swelling
when in contact with flooding water. Such technological solutions can be used in the
construction of underground pedestrian crossings in the conditions of dense urban
development, in the presence of significant possible vertical deformations in water-saturated
soils.

Keywords: subsidence, sediment, crack, depression curve, mountain pressure,
waterproofing, pile, cement-soil reinforcing element, monitoring.

INTRODUCTION

In order to systematize and increase the capacity of the main above-ground and underground
transport arteries of the city, as well as to create a safe and comfortable environment for its residents
and guests, work on the active development of underground space has been carried out, and continues
(metro, multi-level transport interchanges, underground pedestrian crossings, underground single and
multi-level parking lots).
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Actuality of theme. In our opinion, the overhaul, in terms of protecting the underground parts
of buildings and structures from the adverse effects of the environment, would contribute to a
significant reduction in the effect of corrosion. This is due, first of all, to the condition of the
foundations and basements of buildings and structures. With the use of innovative materials and
technologies in the fight against flooding of the underground parts of buildings and structures, the
lack of the possibility of filtering ground and surface water, it would significantly increase the service
life of buildings built even in the pre-war period, along with the overhaul of utilities and other building
systems.

Problems in general and their connection with practical tasks. Known and previously used
technologies for waterproofing the underground parts of the building, such as gluing, painting and
coating with the use of bituminous mastics, do not meet the requirements of durability. Structures
where such technologies are applied do not withstand more than 5-10 years of operation. After this
time, due to the diffusion of groundwater, the destruction of foundations and underground parts of
buildings and structures begins. New types and modifications of materials are being developed to
protect the underground parts of buildings and structures from the action of water. Polymeric
materials have high technical and operational characteristics, and are also more convenient in
preparation. Properly performed work with the use of polymeric waterproofing materials will
significantly increase the service life of structures, as well as reduce the cost of operating the structure.

Analysis of research and publications. The issues of improving technological processes
both in construction, reconstruction, and overhaul were dealt with by scientists whose scientific works
became the basis for the theoretical and methodological basis of this study: Mustakimenko V.R. M.1.
Gorbunov-Posadov, V.A. lllichev, V.I. Krutov, Ninomiya, Y., Hagiwara, R., Azuma, T. Solving and
others. were used as the basis for increasing the efficiency of the technology for installing
waterproofing systems for the underground parts of buildings in dense urban areas during
construction and repair and construction work, depending on various conditions.

The intensive construction of underground facilities contributes to the accumulation of
practical experience in the design and construction of underground structures in the special
engineering-geological and hydrogeological conditions of the capital of Ukraine, among which weak
water-saturated soils should be noted [1].

Problem: Along with the positive experience of designing and building underground
urbanization facilities on weak water-saturated soils, there are examples of geotechnical solutions,
the practical implementation of which led to the formation of uneven deformations of the sediments
of transition structures. There was a need to carry out strengthening and restoration measures.
Therefore, in order to exclude technical and technological, and production errors, on the example of
two newly constructed underground passages in Kyiv.

MAIN PART

Analysis of literary sources. Experience in the construction of underground pedestrian
crossings by the open method in Kyiv.

Over the last period, many underground pedestrian crossings have been built in an open way
in Kyiv, using two technological techniques, with the help of modern construction machines and
mechanisms. The underground pedestrian crossings at the intersection of Mineral-Ukrainska Street
and along Sviatohirska Street are erected once over the entire width of the road, and the construction
of a box-walled reinforced concrete skeleton analog of the crossings at the intersection of Mineral-
Ukrainska Street is erected with grabs, with the conditional division of the transition tunnel along the
axis into two. queues under passageways first in one, and then in the opposite direction of traffic.

Underpasses already at the stage of their construction on weak water-saturated soils, with
incorrect surface water reduction, acquired uneven, above-standard precipitation deformations. As a
result, cracks of force origin were formed in the covering structures, walls, and bottom of the
transition shaft.
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Table 1- Properties of layers
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NeNe IGE Naming of engineering and | Power of Y, o, grad | c, kPa E, MPa
geological elements IGE, m kN/m3
IGE -1HC | Bulk sand with crushed 0,5-0,7 - - - -
stone to 40%
IGE -1A Loose clay in a liquid state | 1,2-1,5 - - - -
IGE -2 Soft-flowing plastic loam 1,5-2,0 19,2 23 20,0 3,0
IGE -2A Clay is flowable 3,5-4,0 18,2 16 22,0 3,0
IGE -3 Peat 2,5-3,0 12,4 18 14,0 0,4
IGE -6 Medium-grained, dense, 2,5-3,0 194 36 0,0 33,0
water-saturated sand with
loam lenses
IGE -6A Sand Wed. size, average - 20,1 34 0,0 35,0
density, water-saturated
loam with lenses

The goal. In order to establish the reasons that caused the deformation of the structures, the
authors solved the task of engineering survey of the technical condition of their reinforced concrete
structures with an instrumental survey of the actual strength, geometry and monitoring of uneven
precipitation. Based on the results of field and chamber work, taking into account the requirements
of DSTU-N B V.1.2-18:2016 [2], a complex of strengthening and restoration engineering and
technical measures was developed and recommended to the customer for implementation [3, 4].

The proposed solutions have been implemented and the technical condition of underground
structures is being monitored.Underground pedestrian crossing at the intersection of Mineralna-
Ukrainska streets in Kyiv. The structure was erected in 2011 and is an underground pedestrian
crossing, the spatial rigidity of which is ensured by a framework made of monolithic reinforced
concrete.

The reinforced concrete box framework consists of a bottom, vertical walls and a cover plate
(Fig. 1). The underground passage complex includes: a tunnel shaft, stairs with ramps, and technical
maintenance rooms.

The long sections of the underground pedestrian crossing are divided into separate blocks of
a simple geometric shape using the arrangement of deformation (sedimentary) seams. The thickness
of the reinforced concrete bottom of the tunnel is 400 mm, the walls of the tunnel are 300 mm, the
thickness of the coating is 350 mm. The height and width of the tunnel part of the transition are 2800
mm and 4500 mm, respectively. The stairs are made with a width of 3000 mm and steps with a height
of 150 mm and a width of 300 mm.

The building area is a wetland. Seven engineering and geological elements participate in the
geological structure, from top to bottom, to a depth of 15.0-20.0 m (Table 1, Pic. 1, a).

The hydrogeological conditions of the construction site are characterized by the presence of
two aquifers. The first aquifer is Verkhovodka and is exposed at depths of 0.9-1.4 m (56.14 - 56.60
m, BS). The second - which has a local onslaught, is exposed in the sands at depths of 7.4-10.8 m
(46.75-50.14 m BS). The established level of groundwater is recorded at depths of 3.6-4.2 m (53.35-
53.90 m BS).

In connection with the high level of underground water and the aggressiveness of the
environment, construction water lowering of the pressure underground water level was carried out
during the construction by the method of open drainage. For this, three sumps with a depth of 1.2 m
below the sole of the tunnel bottom were provided on the construction site, along the trunk of the
tunnel part, from which water pumps were used to regularly pump out pressurized water with
discharge into the drainage system (Pic. 2).

During the construction of an underground structure in an open way in water-saturated soils,
along the entire perimeter of the pit, a sheet pile fence is made of steel pipes with a pointed lower
end, hammered with the help of a pneumatic plunger (Pic. 3, 4, 5).
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Picture 1(a) - Engineering and geological section  Picture 2 - Plan with the location of sumps

An instrumental engineering survey with an overview of the characteristics of reinforced
concrete structures of the tunnel, using non-destructive testing methods, established that the concrete
class is B22.5 (M300), frost resistance is F200, water resistance is W4, reinforcement is made with
rods of reinforcement of class A-I11 and A-I.
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Pictures 3,4 - Underground pedestrian crossing at the intersection of Mineralna —
Ukrainianska streets in Kyiv, 3 - Longitudinal section along the transition with swamps
and depression curve; 4 - A pit with walls fastened with a sheet pile

Pictures 5,6,7 - 5 — Trunk part of the transition; 6 - The heads of the elements of the
submerged sheet pile and the frontal part, 7 - sumpf reinforcement piles with a water

pump
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Materials and research results. Instrumental studies established that the causes of cracks in
the structures of the trunk part of the underground passage were uneven deformation of the massif of
water-saturated soil in difficult engineering and geological conditions, with incorrect water lowering
technology. Irregular precipitation deformations were recorded based on the results of instrumental
geodetic observation in the mode of monitoring measurements of height marks of the structures of
the elevated part of the tunnel.

According to the measurements, in comparison with the design marks, the uneven
precipitation of the points of the bottom ranged from 32 mm to 419 mm, which is estimated as an
unacceptable condition for the box-reinforced concrete structure of the tunnel part.

It was established that the main reason for the formation of cracks in the structures of the
underground passage, the concentration of which is recorded in the walls and covering of the middle
zone of the long tunnel of the box cross-section, is: uneven settlement of the slab bottom of the tunnel
part of the passage, at the base of which are water-saturated soils with different degrees of
compressibility within the con. foundation Uneven deformations of the subsidence of the extended
tunnel structure are associated with the process of reducing the strength characteristics (angle of
internal friction ¢, specific adhesion c) and increasing deformability (decreasing the modulus of
deformation E and increasing the subsidence s) of the base soils, caused by the incorrect application
of the principle and technology of temporary construction water - sumps located at a considerable
distance from each other at the ends of the tunnel being erected (Pic. 6, 7).

The formation of a depression curve between locally located sumps with an uneven lowering
of the high level of groundwater along the tunnel trunk created a new stressed-deformed state within
the soil massif located under the sole of the bottom.

At the same time, in the middle part, along the trunk of the tunnel, the level of groundwater
decreased slightly, therefore the stress-strained state (SST) of the base soil changed due to
precipitation as a result of overcoming the reactive pressure in the pore water "Pw" (neutral pressure-
resistance), as well as in the soil skeleton "Pstr" (effective pressure-resistance), generally preserving
the relative balance of the conditional static equilibrium between the external additional contact
pressure "PI" and the sum Pw+Pstr (PI= Pw+Pstr), and therefore the sediment occurs without
squeezing of water from soil pores, which corresponds to the classical theory [5,8,9]. In the end zones
of the tunnel, where during construction, the level of groundwater was lowered by pumping it out of
buried sumps located at a distance of 23.781 m from each other, the amount of measured precipitation
"S" from the added additional pressure is much greater.

When water is reduced and the pores are freed from pore water, the value of the pore pressure
becomes zero value Pw=0. Therefore, the entire value of external additional pressure "PI" from the
tunnel structure is perceived only by the unstable structure of the soil, from the pores of which water
is pumped out and squeezed. Therefore, the static equilibrium of the soil massif pressed by the
external load "PI" of the soil is ensured only due to the reaction of the soil skeleton "Pstr".

To prevent progressive uneven deformation of the settlement of tunnel structures, including
the trunk; one of the stairs; elevator, various options proposed by various organizations were
considered.

At the request of the developer, the main criterion for all options should be the scheme of
"transplantation” of the foundation slab on piles or supports. In this regard, the option of
"transplantation” to reinforcement piles was considered, in which work was carried out from the inner
cavity of the tunnel with the cutting of the bottom structure and violation of the integrity of the
waterproofing, with all the consequences of its restoration in water-saturated soils with constant
groundwater support.

When choosing the most acceptable in specific engineering-geological and hydrogeological
conditions, the option of strengthening the base soil, the following factors are taken into account: the
level of pressurized groundwater is located 1.5 m above the floor mark of the underground passage;
preserving the integrity and tightness of the structure of the vertical and horizontal waterproofing of
the tunnel trunk and stairs; the operation of the underground passage should be carried out with the
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regular switching on of the water pump for pumping out the underground water accumulated in the
reinforced concrete pit. Now the deformations of uneven precipitation have stabilized.

CONCLUSIONS and prospects of further research:

1. Constructions of the foundations of underground pedestrian crossings erected on water-
saturated foundations in difficult engineering and geological conditions with the use of construction
water subsidence, according to technological captures, with the purpose of excluding uneven
deformation sediments of the foundations above the zones of depression funnels from water
subsidence, use cement-soil reinforcing elements, frontal the part that must be wrapped in the reliable
foundations of the base.

2. The sealing of horizontal and vertical technological and sedimentary temperature seams in
the structures of foundations, walls, and coverings of underground structures should be supported by
modern types of hydraulic plugs that perceive the hydraulic pressure from groundwater and exhibit
the property of swelling when in contact with flooding water.

The prospect of further research is: the collection of data based on this work and those already
written by the author, for their further processing and bringing them to a common denominator to
identify key problematic elements in urban underground structures and structures under the influence
of various destructive factors. Compilation of the parametric base of the necessary algorithms for
calculating the basic parameters of loads and calculation modules to unify and speed up the process
of calculation and selection of materials, modules, types of structures
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JAOCBIA HNIACUJEHHA IIIJI3EMHOI'O HNIIIOXOAHOTI'O ITEPEXOAY Y
BOJOHACHUYEHUX I'PYHTAX

Mema ma 3a60anns. Mema npoananizysamu npooiemamuxy oCiOaHHs 86epMUKATbHUX Ma
2OPU3OHMANLHUX elleMeHmi8 Ni03eMHUX NiuoxXioHux nepexodie 6 ymoeax micma Kuesa
(Ilepexpecmsa eyruyv Minepanrvha — Yxpaincoka ) 3 ypaxy8aHuam 00B0OHEHOI cmpyKmypu
epyHmy. 3uanumu cyuacHe piuieHHs OaHoi npodeMu 3 UKOPUCMAHHAM HAYKOB020 NiOX00).
3asoannsa: Ha npuxiadi nio3emHOo20 RiuloXioHO20 nepexoody, 6useumu Hatdephopmosani
OlNAHKU 8 eNleMeHmax 3 €OHaHb BEPMUKANLHUX MA 2COPUOHMANLHUX — KOHCMPYKYIU O
noO0AIbLULIO20 ONPAYIOBAHHSA | BUHECEHHS BUCHOBKY OlA IK8I0ayii NOOIOHUX Y MAtIOYMHbOMY.

3 memow 6CmMAaHOBIEHHA NPUYUH, WO CHAPUHUHULU O0eopMayilo cnopyo, SUpPiuUeHHs.
3A680AHHSL 3 [HHCEHEPHO20 0OCMENCEHHS MEXHIYHO20 CIAHY IX 3a1i300eMOHHUX KOHCMPYKYIU 3
IHCMPYMEHMANbHUM  027100M  (hakmuyHoi MiyHocmi, 2eomempii ma MOHIMOPUHE0B8020
cnocmepediCeHHs 3a HePIBHOMIPHUMU onadamu. 3a pe3yibmamamu npo8edeHUx noibo8Ux ma
KamepanbHux pooim, 3 Ypaxy8awHsMm 6umoz 0y6 po3podienuti KOMNIEKC NiOCUTI08ANbHO-
BIOHOBNIOBANLHUX THIICEHEPHO-MEXHIYHUX 3aX00i8 Ma pPeKOMEeHOOBAHUL 3AMOBHUKY 00
peanizayii.

Haykosea nosusna: y cmammi Hage0eHO Npukiad peanizayii KOHCmMpYKyii ¢pynoamenmie
NiO3eMHUX NIWOXIOHUX Nepex00is, W0 36005MbCsl HA B00OHACUYEHUX I[PYHMAX ) CKAAOHUX
IHOICEHEPHO-2€0NI02IUHUX YMOB8AX 3 BUKOPUCAHHAM 0)0i8€l1bHO20 B0003HUIICEHHS, 3d
MEXHONOIUHUMU  3AX8AMKAMY, 3 MEMOI GUKIIOUEHHs HePIGHOMIDHUX Oeghopmayii ocao
@yHOamenmie Hao 30HAMU OenpeciliHUX 60POHOK 8i0 BOOO3HUINCEHHA AOO WMYUHUX OCHOBAX 3
BEPMUKATILHUX YEeMEHMOSPYHIMOBUX apMOoesleMenmie, 10008a YacmuHa AKux NoSUHHA Oymu
3a20pHYmMa 8 HAOIiHI IPYHMU OCHOBU.

Bucnoseku ma npakmuune 3nauenna. I'epmemusayito 2o0pu3oHmanoHux i 6epmuKaibHux
MEXHON02IYHUX MA 0CA0080-MEMNEPAMYPHUX WBI8 Y KOHCMPYKYIAX hyHOamenmis, cmin ma
NOKpummi niod3emMHux cnopyo, OOYiIbHO GUKOHY8AMU [3 CYUACHUX MUNIE 2I0POWNOHOK, WO
cnpuimaroms 2i0pasniyHuLl Hanip 6i0 NiO3eMHUX 800 MA BUABIAIOMb G1ACIMUBICIMb HAOYXAHHS
npu KoHmakmi 3 800010 niomonaenus. Ilpakmuune 3HaueHHs: Maxi MexHOJIO02IUHI PileHHs,
MOJCHA 3aCcmoco8yeamu npu 6yO0ieHUYMSI NiO3eMHUX NIUOXIOHUX nepexo0is 8 YMO8ax WiNHOI
MicbKoi 3a0y008U, Npu HAABHOCMI 3HAYHUX MOMCIUBUX BEPMUKAIbHUX Oedopmayill y
8000HACUYEHUX 2PYHMAX.

Knrouoei cnoea: eodoznudicenns, ocady, mpiwuna, Oenpeciuna Kpuea, 2ipCbKuil MUCK,
2I0poi30NAYis, naisi, YeMeHmMoSPYHMOBUL apMoeeMerm, MOHIMOPUHe.
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