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Building drainage in dense urban areas

This article analyzes the specific challenges of constructing underground structures under complex hydrogeological conditions
in densely built-up urban environments. The construction of pile foundations, tunnels, utility networks, and underground
parking areas often obstructs natural groundwater flow, leading to localized flooding. The underground space of a modern city
is saturated with water-bearing utility lines prone to unpredictable leaks. In such cases, it is essential to preserve the existing
hydrogeological regime and prevent additional structural deformations of adjacent buildings. Therefore, the regulatory
framework for the protection of underground structures must be improved in accordance with contemporary engineering

standards.
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Introduction

The construction of underground structures
(parking lots, bomb shelters, foundations, retaining
structures) and utility networks (water, storm water,
sewerage, power supply networks, etc.) requires
additional measures to protect them from groundwater
impact during their construction and operation.

In such cases, hydrogeological conditions and soil
filtration properties play a significant role (often a
decisive one). New construction sites are often located
in dense urban areas. All these factors should be taken
into account when designing and performing
construction work, as well as during operation.

Review of the latest research sources and
publications

Numerous regulatory documents and scientific
studies [1+6] address the issue of groundwater impact
on underground structures. It is usually emphasized that
during the construction period, various construction
dewatering techniques must be applied, and during the
operation period, drainage and waterproofing should be
installed.

Definition of unsolved aspects of the problem

A wide range of factors and initial data should be
taken into account for the qualitative selection of a
dewatering method for the construction period. First
and foremost, these are the engineering, geological and

hydrogeological conditions of the site, the design of
underground structures, the possibility of discharging
water pumped out during dewatering beyond the site,
and the possibility of locating dewatering equipment
within the site.

Problem statement

The aim of this study is to investigate methods for
protecting the underground portion of a new building
from groundwater effects during the construction
phase.

To achieve this goal, the following objectives have
been defined: conducting engineering-geological and
hydrogeological surveys of the site; identifying the
filtration characteristics of the foundation soils; and
performing calculations to determine the parameters of
the dewatering system.

Basic material and results

The construction of underground parts of buildings
and structures in difficult hydrogeological conditions
requires additional and, therefore, complex and
expensive work [5-6].

If the groundwater table is high, special measures
should be taken to ensure safe conditions for the
construction of underground structures and to prevent
or reduce the impact on the surrounding area during
such work.
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This paper is based on the results of the design of a
construction water drainage excavation pit for an
administrative and production complex being built in
the Podil district of Kyiv.

The site of the new building is located on the right
bank of the Dnipro River, within the Eastern European
Plain and is confined to the foot of the Kyiv Plateau
slope in the historical Podil district of Kyiv. Kyiv. The
site is located within the right-bank floodplain terrace
of the Dnipro River. The territory of the project object
is located in the central planning zone within the
historical center of Kyiv. There are no objects of
cultural heritage registered with the state among the
surrounding buildings.

The site is located in a densely built-up area, which
provides for the reconstruction and operation of the
administrative and amenity complex in accordance
with the requirements of DBN V.1.2-12-2008 [7].

The absolute elevation of 98.00 m, which
corresponds to the level of the clean floor of the Ist
floor, is taken as the conditional elevation of £0.000 of
the complex.

The foundations of the new building are made of
9620 mm diameter bored-injection piles. The length of
the piles is 23 meters. The piles are united at the heads
by a 900 mm thick reinforced concrete slab. The bottom
of the excavation pit is located at -4.950 (absolute
elevation 93.050 m) below the high-rise part. The
retaining wall consists of bored-injection piles that are
7.65 to 10.35 m long and 420 mm in diameter, spaced
800 mm apart. Along the street, the excavation pit is
excavated with a natural slope. Jet grouting piles are
used for waterproofing the excavation perimeter.

According to DBN B.1.2-14-2018, the class of
consequences for liability is CC3.

In geomorphological terms, the survey area is
located within the right-bank floodplain of the Dnipro
River, which was raised during economic development

w0 |

due to soil filling to absolute elevations of 96.56-98.32
m.

The geological section is composed of Holocene
alluvial deposits, which are overlain by a thick man-
made stratum from the surface (Fig. 1).

The following engineering geological elements
(EGE) have been identified in the study area:

IHE-1 - Bulk soil - sandy loam with layers and lenses
of dusty sand, with layers of loam, heterogeneous,
sometimes with organic matter impurities in the base,
from hard to plastic.

IGE-2 - Light, heavy, dusty loam, sometimes with an
admixture of organic matter, soft-plastic.

IGE-2a - Light loam, dusty, slightly peaty, tightly
laminated.

IGE-3 - Dusty and sandy loam, plastic.

IGE-3a - Sandy and sandy loam, medium peaty,
sometimes strongly peaty, plastic.

IGE-4 - Fine, dense sand with medium density layers,
saturated with water.

IGE-4a - Fine sand, medium density, with dense layers,
saturated with water.

IGE-5 - Sand of medium size, dense, with separate
layers of medium density, saturated with water.

IGE-6 - Light, heavy, dusty, tightly laminated loam.
IGE-7 - Fine, dense sand with some thin layers of
medium density, saturated with water.

The hydrogeological conditions of the site are
characterized by the presence of a Quaternary
unconfined aquifer. Alluvial soils serve as water-
bearing rocks. The groundwater mirror is recorded in
the alluvial soils at the depths of 2.7...5.3 m at the
absolute levels of 92.87..93.69 m. The aquifer is
recharged by infiltration of precipitation, surface and
groundwater runoff, leakage from water supply
networks and hydraulic connection with the Dnipro
River. The aquifer is discharged into the Dnipro River
and the city's sewer system.
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Figure. 1 - Characteristic geological section in the study area
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During periods of seasonal heavy rains and
snowmelt, the water table may rise, which is facilitated
by the heterogeneity of the cut.

The projected rise in groundwater levels is related
to the level regime of the Dnipro River. During spring
floods, the estimated absolute water level in the Dnipro
River is 96.7 m at the 1% flood (once every 100 years);
96.3 m at the 2% flood (once every 50 years); and 93.2
m at the 10% flood (once every 10 years). The
maximum levels in the river persist on average for up
to 2 weeks (sometimes more), during which the
groundwater can become confined.

According to DBN V.1.1-25-2009 [1], the site is
classified as naturally flooded.

The groundwater level within the survey area is not
stable, which may indicate that the bulk soil has a
heterogeneous composition and that there are periodic
leaks from the water supply networks.

During excavation, the excavation pit will be
flooded. To ensure normal conditions for zero-cycle
operations during the construction period, it was
decided to perform construction dewatering using
needle filters.

Given the size of the excavation pit, it is possible to
by dividing it into two

@

excavations. In the project, water dewatering is
performed from the entire area of the excavation pit.

Excavation works are carried out to develop the
excavation pit to the -3.950 elevation (absolute
elevation 94.050 m). After that, piles are drilled and
water lowering equipment is installed.

Water lowering can be performed at one time from
the entire area of the excavation pit or in two times (in
2 excavation zones). Dewatering is also performed at
the site of the tower crane installation.

When performing dewatering, needle filters are
installed in the excavation pit at a distance of 1.0 m
from the retaining wall along its perimeter. For more
efficient operation of the dewatering system, an
additional branch of needle filters is installed in the
central part of the excavation pit (Fig. 2). After
excavating the pit to the -3.950 elevation (abscissa
94.050 m), needle filters are installed and a collector
with needle filter connection is mounted.

A dewatering system is installed at the site of the
tower crane. The excavation is carried out to the -3.550
elevation (absolute elevation 94.450 m). Needle filters
are installed and a collector with needle filter
connection is mounted.

@

Figure 2 - Layout of needle filters in the excavation pit

After installation of the dewatering system, an as-
built diagram of the actual arrangement of the system
and its quantitative composition should be made.

The layout of dewatering systems may vary
depending on the situation at the construction site.

Before starting construction dewatering, remove the
soil to the level of the needle filters. This elevation
should be at least 0.5 meters above the groundwater

level. The temporary water supply system is laid out,
coarse sand is brought in, temporary power supply is
installed, and other preparatory work is carried out.

The dewatering procedure can be adjusted during
construction and dewatering works.

After the water lowering system is launched, the
second stage of excavation is carried out up to the
bottom of the excavation pit.
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Pumping units of the UVV-3A-6KM type are used
for dewatering. Their number is determined by the
results of calculations, and their installation locations
are determined during their construction.

The collectors are fixed on supports or directly
installed on the ground.

Install the needle filters with polymer sleeves @160
mm PVCI60 SN4 to allow for concreting the
foundation slab; after dismantling the needle filters, the
holes should be concreted with concrete of the design
class.

When arranging a suction collector with a diameter
of 133 mm, it should be fixed to the structures of the
retaining wall along the perimeter of the excavation pit.

Due to the fact that the groundwater level is on
average ~0.35 m above the bottom of the excavation
pit, the water level should be lowered by 1.35...1.50 m.
When determining the depth of lowering, it should be
understood that the depth of lowering may vary, as the
water level may change during the work, but these
changes are not predictable, as they depend on many
factors (time of work on the excavation sections, actual
time of zero cycle work, the possibility of performing
water lowering simultaneously or alternately, time of
year, rainfall, etc.) The depth of groundwater lowering
is determined if it is possible to achieve normal working
conditions in the excavation pit, the depth of the
minimum water lowering is >1.0 m below the bottom
of the excavation pit.

The filtration coefficient of sand below the
groundwater table was assumed to be 7.0 m/day in
accordance with the data of engineering and geological
surveys. The filtration coefficient of loam and sandy
loam overlying the sand was assumed to be 0.5 m/day.

Dewatering is performed using a system of needle
filters made of thin metal pipes that are immersed
around the excavation pit. The lower ends of the pipes
are equipped with filters, and the upper ends are
connected to a suction manifold. The project envisages
vacuum water lowering of the groundwater level using
UVV-3A-6KM pumping units.

If the distance between the wells is less than two
drawdown radii, then such wells interact when
pumping water simultaneously. This leads to the
closure of the drawdown curves and the formation of a
common zone of groundwater level decline.

The UVV-3A-6-KM units are used for dewatering
sandy soils and loams in various geological structures.
The set includes needle filters (up to 100 pcs.), a water
collector with a diameter of 133 mm and two
centrifugal pumps, one of which is a backup, to ensure
the uninterrupted operation of the plant.

The needle filter is a 38 mm diameter pipe, up to 8.5
m long (Fig. 3, 4), to the lower end of which is attached
a filter link consisting of two pipes: an inner pipe,
which is a continuation of the common 38 mm diameter
pipe, and an outer pipe with a diameter of 60 mm with
evenly distributed holes for water passage. The outer
pipe is wrapped with 3 mm diameter wire and covered
with filter and protective mesh. The filter link ends with
a tip, inside which there are ball and ring valves.

The needle filters are submerged into the soil by
hydraulic means.

Needle filters are installed along the perimeter of
the dewatering excavation pit according to the set of
working drawings.

Upon completion of the dewatering, all equipment
is dismantled, and the dewatering wells are abandoned.
Depending on the hydrogeological conditions, depth
and location in relation to the nearest structures,
abandonment grouting is performed in almost all rocks,
except for loose and quicksand.
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Figure 3. Needle filter designs
1 - tubular frame with slot perforation; 2 - lining
longitudinal rods; 3 - water-receiving surface made
of wire winding; 4 - lining spiral winding; S -
water-receiving surface made of stainless mesh; 6 -
water-receiving surface made of stamped sheet
with holes.

Dewatering calculations are performed to determine
the total flow rate (Q is the flow rate diverted from the
site), the radii of influence of the adopted systems, and
the actual decrease in groundwater levels, as well as to
the selection (refinement) of the most effective
measures of technological schemes of dewatering [8].
When determining the amount of groundwater inflow
to the excavation pit, two groups of pits are
distinguished: trenches and rectangular pits (width to
length ratio 1 : 10); wide pits of square, rectangular,
round and other shapes (width to length ratio more than
1 : 10). In this case, the pits that cannot be extended in
length lead to an idealized equivalent circular area with
radius ro.

To calculate the dewatering, the natural conditions
and the adopted dewatering system are schematized.

Academic journal. Industrial Machine Building, Civil Engineering. — 1 (62)' 2024

ISSN: 2409-9074(print) 29



o R T TR R T A AN NS Y Y Y aYaYavYa)
AL L L ( L L ( it IR N Y
1 | N | | | S |t | | e R | | | | | e | | S| P | P | P
NN
3 3 129 .‘_’1 127 (] % '3 20 6 5 '3 13
w2/ \Z/ WU

Figure 4. Cross section of the dewatering system

The general procedure for calculating a dewatering
system is as follows:

- the necessary reduction in groundwater level is
determined,;

- the
determined,;

- the parameters of the dewatering system are
determined,;

- selection of the necessary equipment.

According to the results of the calculations, it was
found that when performing dewatering simultaneously
over the entire area of the excavation pit, needle filters
within the excavation pit are installed at elevation
94.050 m. The total length of the needle filters is 5.0 m.
The dewatering area (pit) is serviced by three vacuum
pumping units UVV-3A-6KM. Two sumps are
installed in the excavation pit to collect and discharge
surface water entering the pit.

According to the results of the calculations, the total
groundwater extraction rate during dewatering over the
entire area of the excavation pit will be:

inflow to the dewatering system is

8 7

949 m3/day = 39.5 m*/hour.

The drawdown curve is formed within 5 days. The
radius of the drawdown curve is 120 m.

For the site where the crane is installed, it was
obtained that the needle filters are made from the
elevation of 94.450 m. The total length of the needle
filters is 7.0 m. The dewatering section is serviced by 1
vacuum unit UVV-3A-6KM, which also serves as a
backup for dewatering in the excavation pit.

According to the results of the calculations, it was
obtained that the total water consumption during
dewatering in the area where the crane is located will
be 230 m%/day = 10.5 m*/hour. The formation of the
drawdown curve occurs within 5 days. The radius of the
drawdown curve is 120 m.

The total number of needle filters is 189.

The number of needle filters, their installation
locations and length, and the location of the UVV-3A-
6KM units are specified during the work.

14

13

Figure S - Schematic diagram of the pumping unit UVV-3A-6KM:
1 - electric motor; 2 - centrifugal pump; 3, 4 - pressure and receiving chambers; 5 - pressure pipeline;
6 - ejectors; 7 - discharge pressure line; 8 - control valve with float; 9 - circulation tank; 10 - drain riser;
11 - discharge pressure pipeline; 12 - free drain line; 13 - needle filter; 14, 15 - air and water transition
hoses; 16 - suction manifold.
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In pumping units of the UVV-3 type (Fig. 5), two
water-air ejectors are used to reproduce a stable
vacuum in the cavities of the suction manifold and
needle filters, which pump out the air released from the
water-air mixture that enters the needle filters. With
limited air flow to the water intake part of the needle
filters, a vacuum of about 5 m Hg or more develops in
their cavities. Water is pumped out by a water-water
ejector. All three ejectors, which are part of the same
module, are supplied with working water from a
centrifugal pump. With a significant content of one of
the components (water or air) in the water-air mixture,
each of the ejectors is able to partially take over the
functions of the other.

The unit ensures the lifting of water that is pumped
to a height of up to 20.0 m. When protecting excavation
pits, the unit is placed in a ring pattern.

During the excavation of the excavation pit and the
installation of underground structures, dewatering was
performed using needle filters, which ensured the
necessary and safe conditions for construction work,
confirming the correctness of the technical solutions
adopted in the dewatering project.

Conclusions

The implementation of construction dewatering
using needle filters under complex geotechnical and
hydrogeological conditions ensures safe working
conditions for excavation, provided current regulatory
requirements are met.

The rational location of dewatering equipment
ensures that optimal conditions are achieved for
construction work. The construction conditions for
each facility should be taken into account.

Considering the existing hydrological situation and
substantiating the methods of protection of excavation
pits with appropriate calculations and in compliance
with the relevant requirements of regulatory documents
at a high level of groundwater, effective methods of
protection of construction sites can be developed for the
construction of underground structures during the
construction period.

At present, the performance of excavation
protection works is regulated by regulatory documents
developed in the USSR, so it is necessary to update the
regulatory documents in this part to meet modern
requirements.
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ByniBesibHe BOMO3HUKEHHSI B YMOBAX IHiJIbHOI MICbKOI 320y/10BH

IIpoananizoBaHo 0co0nKMBOCTI OyAIBHUITBA 3arIHOICHIX KOHCTPYKLIN Ta CIOpY[ B CKJIAAHUX TiIPOreosoriyHUX YMOBaxX Ta
B IIUIBbHIM 3a0ynoBi. YpOaHi3oBaHi TepUTOpil € MPUKIAAOM MHOTYXKHOTO 1 He30aJaHCOBAHOTO BIUIMBY HAa TI€OJIOTIYHE
cepeloBHIIEC TEXHOTEHHUX (DaKTOPIB, SKi MOPYLIYIOTH TiJPOTEONIOTiYHI Ta T€0EKOJIOTiuHI yMOBH TepuTopii. CropymKeHHs
(yHAAMEHTIB Ha MalsX, TYHENB, IHKCHEPHUX MEPEeXK, a TAKOXK MiJ3eMHHUX MAPKIHTiB B OLIBIIOCTI BUMAAKIB MPU3BOJHUTH /IO
OapaXyBaHHS IOTOKY IPYHTOBUX BOJ, Ta SIK HACHiJOK, 0 MiATOIUIEHHS TepuTopii. IlimzemMHuit mpocTip cy4acHOro micra
HAaCHYCHUH BOJOHECYYHMH KOMYHIKaIisIMH, sIKi MaroTh Herepen0adyBaHi BUTOKHA. BUTOKM BOZ 3 KOMyHiKalliil BUKJIMKAIOTh
3HAQUHUH MiAHOM pIBHIB IPYHTOBHX BOJl BEPXHBOTO BOJOHOCHOTO T'OPH30HTY, SIKi MAlOTh BHIIAQJKOBHI XapakTep i BaXKO
MiTAI0TECST NIPOTHO3YBaHHIO. B TakWxX BHIIagKaX OCHOBHOIO BHMOTOIO € 30€pekeHHs, 10 MOXIIMBOCTI, ICHYOYOTO
T1IPOTeOJIOTIYHOTO PEXHUMY Ta HEJOIYIECHHS] BUHUKHEHHS JOAATKOBHX JedopManiif Criopy/, 0 po3TanioBaHi nopyd. Y pasi
HEOOXiHOCTI BUKOHAHHS OYHiBEIHHOTO BOJO3HI)KEHHS 3 PU3MKOM 3HAYHOTO 3HIDKCHHS PIiBHS IPYHTOBUX BOJ IEpion ix
BUKOHAHHS TIOBUHEH OyTH OOIPYHTOBaHMM Ta OOMEXEHHUM B 4aci, IPH [IbOMY ITOBUHHI OyTH BUKOHAHI YMOBH JUTA 0€3MEeYHOTO
BUKOHAHHS pOOIT HyJIbOBOTO LUKIY. ICHYIOTH pi3HI BapiaHTH BHKOHAHHS 3aXHCTY 3ariuOJICHUX CIIOPYJ Bil HETaTHBHOTO
BIUIUBY IPYHTOBHX BOJ. B cTarTi po3risHyTHI BapiaHT BUKOHAHHA pOOIT 3 3aXUCTY 3arIHOJICHUX KOHCTPYKIIIH 32 JOIIOMOT 00
ronkodineTpiB. Takii BapiaHT € HAHOUIBII JOUUTEHUM TIPH HEOOXITHOCTI 3HW)KEHHSI PiBHS IPYHTOBHX BoJ Ha 3...4 M. Sk 110
CJIi/l TIOHN3UTHU piBEHb IPYHTOBHX BOJ| HIDKYE, MOJKHA BUKOHATH BOJIO3HIDKEHHS B JIeKUIbKa sipyciB. Ha nannit yac BUKOHaHHS
TakuX pOOIT HE pErJaMeHTYEThCS B IIOBHOI Mipi CyYyaCHUMHM YHMHHUMH B YKpaiHi HOPMaTHBHHMH JOKYMEHTaMH.
BukopuctoBytoTscst HopMu, mo Oynn po3pobneni npu CPCP, ane Ha naHuii yac BOHHM € JiFOYMMH B Hamlii kpaiHi. Tomy
HEOOXiJHO BIIOCKOHAIIOBAaTH HOPMATUBHY 0a3y 100 3aXHCTY 3ariMOICHNX CHOPYA 3 yPaxyBaHHIM CYy4aCHHX BHMOT.

KurouoBi cioBa: TigporeonoridHi yMOBH, PiBEHb I'PYHTOBHX BOJ, OyZIiBeJIbHE BOJO3HIDKEHHS, KoedimieHT ¢irpTparii,
TOIKODLIBTP.
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