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BucHoBku i npono3umii

3arpornoHoBaHuii Crocid BHYTPILIHBOI €MHICHOT
KOMIIEHCAIlli peakTHBHOI IMOTY>KHOCTI AaCHHXPOHHHX
JIBUTYHIB € MPOCTUM, ICIICBUM 1 HaIIHUM, a TaKOX
BiH  Ja¢  MOXIHMBICTh B  KOMIICHCOBAHOMY
ACHHXPOHHOMY  JBHTYHI  BITHOCHO  CEpiffHOTO
30inmpmuTn KK/ Ha 10-30%, a cos ¢ wa 7-20% npu
3HHKEHHI po00Y0Tro HOMIHATIBHOTO cTpyMy Ha 10-12%
OpH AEsSKOMY 30iJbIIEHHI ITyCKOBOTO MOMEHTY B
3aJIeKHOCTI BiJI HaBaHTaXeHHs. Taki pe3yibTatu
3a0e3MeuyroThCsl NMPU BUKOPUCTAHHI KOHJEHCATOPIB
emHicTio 8-12 Mx® Ha ¢a3y Ha 1 kBT HOMiHaIBHOT
MOTY>KHOCTI IBUTYHA.
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EXPERIENCE OF PERFORMANCE OF THE HORIZONTAL ANTI-FILTRATION SCREEN WITH
THE APPLICATION OF DOUBLE FLUID JET GROUTING

Summary. The technology of jet grouting is based on the high-speed injection of one or more liquids
(solution, air, water) into the ground. Fluids are injected through small-diameter nozzles located on a hydraulic
monitor, which, in normal use, first drills a well to the bottom of the future soil-cement element, and then rises to
the surface of the soil, performing continuous processing [1].

The type and physical and mechanical properties of the soils in which the jet-grouted element is performed
will be one of the main factors that affect the geometric size of the elements and the strength characteristics of the

soil-cement material.
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The high anti-filtration property of the soil-cement material of elements made by the get grouting technology
allows creating a wide range of vertical and horizontal waterproofing screens and barriers.

This article discusses the experience of creating a horizontal soil-cement anti-filtration screen together with
a retaining structure that was made using the "diaphragm wall" technology. A feature of the object is its territorial
location - in the floodplain of the Svisloch River in the city of Minsk, and the scale of construction work - more
than 9000 jet-grouted columns using double fluid jet grouting technology were performed to execute the screen.

Key words: anti-filtration screen, double fluid jet grouting technology, soil-cement column, jet-grouted

element.

Introduction. Due to the low water permeability
(based on the research of O.A. Makovetsky [1], the
filtration coefficient is 1.4-1.6*10%cm/s), the soil-
cement material is used for vertical and horizontal anti-
filtration screens, waterproofing barriers for dams of
various types, permanent and temporary diaphragms.

When retaining structures from intersected piles or
using the “diaphragm wall” method under conditions of
a high level of groundwater, the bottom of such
structures is buried in waterproof soil to prevent
seepage of groundwater into the excavation area during
excavation and, as a result, pit flooding. But in the

v J‘ Jet-grouted material

absence of natural waterproof soil, one of the most
common methods is horizontal impervious screens
made adjacent to the building envelope (Fig. 1).

The main advantages of using jet grouting
technology to create anti-filtration diaphragms are not
only low water permeability of soil-cement material,
but a wide range of soil conditions for applying the
technology, high speed of work, the ability to perform
work in tight working space and, most importantly, the
implementation of soil cement elements to a given
depth with control of geometric and strength
parameters.
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Figure 1. Types of schemes for performing horizontal screens using jet grouting technology:
(a) horizontal slab, (b) inverted arch, (c) anchored slab [2].

Performing secant jet-grouted columns, a
continuous horizontal screen is created, which has high
strength and anti-filtration characteristics, of a given
thickness with full adjacency to any type of retaining
structure.

It is widely known in world construction practice
to use soil-cement anti-filtration structures: the
implementation of a horizontal anti-filtration screen
during the construction of the Tukaya Square metro
station in Kazan, described by A.G. Malinin [3];
construction of a pit fence in water-saturated sands near
the river in Moscow [4]; during the construction of
tunnels in Singapore [5], horizontal soil-cement screens
were carried out together with a sheet pile fence and
others.

Statement of the main material. A striking
example of a horizontal anti-filtration screen is the
"Multifunctional complex with the Kempinski Hotel"

in Minsk, in the quarter of Independence Ave. - Y.
Kupala St. - Svisloch River ".

According to the project for the construction of the
complex, it was necessary to excavate to a depth of 6.5
m.

In 2011, the designers of JV Osnova-Solsif
designed retaining structure made using the
"diaphragm wall" method because of the high level of
groundwater (1.5 m from the ground) and the territorial
location of the construction site in the floodplain of the
Svisloch River. The design of the retaining structure
had a closed circuit (Fig. 2) and dimensions in the plan
of about 167 m per 100 m. To avoid seepage of
groundwater into the pit, since the bottom of the
diaphragm wall was not brought to natural waterproof
soil due to the lack of it (ground the thickness was
sandy soils), a project was developed to arrange a
horizontal anti-filtration screen made of soil-cement
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elements using the technology of two-component jet
grouting.

The two flows used are air and cement solution in
double fluid jet grouting technology with air.
Destruction and cementation of the soil, as in the
single-fluid technology, occur through a solution jet
supplied under a pressure of several tens of MPa, but
the ring-shaped stream of air, supplied separately under
a very low pressure (several hundred kPa) from the
compressor, helps the erosion function of the solution
monitor. A stream of compressed air maintains the
speed of the stream of solution with distance from the
nozzle. It is assumed that it creates a shell around the
jet of solution and protects against friction.

Air is supplied at a very high flow rate (a lot of
m3/min) and draws the soil to the surface under the
influence of airlift at a considerable speed (much more
than in a single-fluid technology). It can be assumed
that the rapid removal of the soil with air to the surface
will reduce the force that the jet must exert in order to
cross the spoil in the already treated space, and that this
air-lifting effect is indirectly involved in increasing the
radius of action between a single jet and a double jet.

The success of using jet grouting technology
depends on the correct selection of technological
parameters in accordance with the engineering and
geological conditions.

Before starting work in Minsk, experimental
columns were made using double fluid jet grouting
technology in similar ground conditions (water-
saturated sand) in Kiev to adjust operating parameters
(Fig. 3). The main parameter affecting the formation of

a soil-cement column is the speed of rotation and
elevation of the hydraulic monitor.

The process of raising the hydraulic monitor can
be carried out smoothly, but it is preferable to carry out
it in steps: in clay soils, the step height should be small,
while in sandy and gravel soils the monitor can be
raised with a large step. Therefore, in accordance with
the selected monitor raising speed and step height, the
jet (or jet, with several nozzles) performs a number of
turns at the same height in accordance with the rotation
speed.

_ Lstep
traising - hstep (1)
where hg,, - step height, cm; t,, - time to step,
S
Three sets of technological parameters with the
following time spent on a step: 24, 30, and 40 s were
selected to perform experimental soil-cement columns.
According to the test results, columns with
diameters of ~1500, 2000 and 2500 mm were obtained,
respectively, to the changed time for the step of lifting
the hydraulic monitor. The graph (Fig. 2) shows a
regular dependence of the increase in the diameter of
the soil-cement column on the time of soil treatment
with a high-pressure jet. It can also be noted that the
curve tends to horizontal alignment - this means that if
the rotation time of the hydraulic monitor continues to
increase after a certain value is reached, the diameter
will not increase if parameters such as jet pressure,
solution flow rate or the use of three-component
technology instead of two-component technology are
not changed.
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Figure 2. The dependence of the diameter of the column on time to step

The data obtained made it possible to select the
appropriate operating parameters to obtain the required

diameter of the columns to create a horizontal anti-
filtration screen.
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Figure 3. Experimental jet-grouted columns

In 2012, after the construction of the diaphragm  other with a diameter of 1600 mm and 1200 mm at the
wall was completed, work began on the creation of an

abutment of the screen with the diaphragm wall. The
anti-filtration screen. number of jet-grouted columns according to the project
A horizontal 0.8 m thick anti-filtration screen was ~ was 8854 pcs (#1600 mm) and 184 pcs (#1200 mm).
made of soil-cement columns that intersected each
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Figure 4. The plan for the diaphragm wall
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Figure 5. Fragment of the plan for the location of jet-grouted columns
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Soil-cement columns were made using duble fluid

jet grouting

solution.

Figure 6. Cross section of the construction of the retaining wall and the anti-filtration screen.
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In conjunction with the anti-filtration screen, a
project for water reduction was developed. In 2012,
excavation works were successfully completed. As of
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2020, the Kempinski hotel complex is completed but
not put into operation.
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Figure 8. A multifunctional compIeX with the Kempinski hotel as of 2014 [6]: a) view from the street. Y. Kupala;
b) view from the side of the river Svisloch

Conclusions

Due to the property of soil-cement material such
as low permeability, jet-grouted elements are excellent
for creating anti-filtration barriers and screens during
construction in flooded soils or when using hydraulic
structures as constituent elements.

The ability to perform work on jet grouting in tight
working space and, most importantly, to create soil-
cement elements to a given depth with the control of
geometric and strength parameters, can solve almost
any geotechnical problem.

According to the results of tests carried out before
starting work on the construction site, the dependence
of the increase in the diameter of the soil-cement
column on the time of processing sandy soil with a
high-pressure jet was established.

On the example of the object described in the
article "Construction of a multifunctional complex with
the Kempinski Hotel" in Minsk, the successful use of
horizontal soil-cement screens in collaboration with a

retaining structure made using the diaphragm wall
technology in difficult flooded engineering and
geological conditions is shown. With the subsequent
application of the developed water reduction scheme, a
successful excavation was performed and the
underground part of the complex was constructed.

This construction site in terms of scale at that time
was the first of its kind in Europe, where more than
9000 jet-grouted columns were made using the
technology of double fluid jet grouting.
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3asepmannuii bozoan Cepeziiiosuu
Acnipaum
Kageopa npuxnaonoi mexaniku ma mawiun

Kuiscokuil HayionaneHuil yHieepcumem mexnHouo2it ma Ou3aHy

Mamnoiinenko Onexcandp Ilempoeuu

Kanouoam mexuiunux nayx, ooyenm, 3a6ioysay kageopu

Kagheopa npuxnaonoi mexaniku ma mawiun

Kuiscokuil HayionaneHuil yHisepcumem mexHonoz2itl ma Ou3auny

Axumoe Onekcandp Onexcanoposuy
Kanouoam mexniunux nayx, ooyenm
Hayxoso-eunpobysanvruii 6i00in

Hepoicasnuii naykoso-eunpobysanvuutl yenmp 36pouinux Cun Yepainu

T'opobeusv Bacunv Anopiiiosuu
Kanouoam mexniynux nayx, doyenm,
Kagheopa npuxnaonoi mexanixu ma mawumn,

Kuiscoxuti nayionanvnutl ynigepcumem mexHoao2iu ma ousainy

MOPIBHAJIbHUM AHAJII3 IPUCTPOIB YKOUYIOUOI'O POJIMKA MEXAHI3MY
HAMOTYBAHHSA BOBIHAKHO-IIEPEMOTYBAJIbBHUX MAIIIUH

3asepmannwiit bozoan Cepzeesuu
Acnupanm
Kagedpa npuxnaonou mexanuku u mawun

Kueescxutl nayuonanvhovlll ynugepcumem mexHono2utl U Ou3auna

Manoiinenko Anexcanop Illemposuu

Kanoudam mexnuuecxkux nayx, doyenm, 3aeedyiowuti kageopotul

Kagheopa npuxnaonoi mexanuxu u mawun

Kueeéckuil nayuonanvHulll ynugepcumem mexHoio2uti U Ou3ana

AKumoe Anexcanop Anexcanopoeuy
Kanouoam mexnuueckux nayk, doyenm
Hayuno-ucnvimamensmviii omoen

Tocyoapcmeennvlii Hayyno-ucnvsimamensvrulii yenmp Boopyowcennvix Cun Yxpaunul

Topobey Bacunuit Andpeesuu
Kanouoam mexnuueckux nayx, ooyenm,
Kagedpa npuxnaonou mexanuku u mawiun,

Kueeéckuil nayuonanbHulil yHusepcumem mexHono2ull U Ou3aina

CPABHUTEJIBHBINA AHAJIN3 YCTPONCTB YKATBIBAIOIIETO POJINKA MEXAHU3MA
HAMOTKHN BOBNHA)KHO-IIEPEMOTOYHBIX MAIIINH
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