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The article describes the first experience in Ukraine in the implementation of ground-cement columns in the blast
furnace slags.

In accordance with the project to reinforce the soil base during the reconstruction of the place with a canopy in the
station for the production of air separation products with the installation of VRU-1400 in the city of Enakievo,
experimental work was performed on the territory of the plant to confirm the correctness of the selected technological
parameters of Jet Grouting in the actual engineering-geological conditions of the construction site and control of the
geometric and strength parameters of cement columns.

Two test ground-cement columns were completed, visual and instrumental examination of the jet columns was
performed (confirmation of the cylindrical shape, continuity of the shaft of the excavated part of the jet column,
measurement of the actual diameter), the cores were drilled from the body of the jet column in the horizontal direction
and the material was tested for compressive strength, as well as core sampling in the vertical direction for the entire
length of the jet column, testing of soil-cement material.

Based on the results of the visual examination, the cylindrical shape of the jet grouting elements was confirmed and
the actual diameters were measured, which amounted to 610 ... 640 mm that is more than the required for the project -
600 mm.

The selected vertical core confirms the design length of the jet column, the continuity of the body of the jet column
and the absence of gaps in the treatment processing with a high-pressure jet of cement solution.

According to the results of laboratory tests of cement-slag cylinders selected from horizontal cores, the strength of
the material ranged from 4.76 to 7.68 MPa for 24 days of age and 7.96 MPa for 28 days. According to the results of
testing cylinders made of vertical core, the minimum strength of cement-slag material was 7.3 MPa, the maximum - 11.2
MPa. The obtained results of the compressive strength of soil-cement material exceed the design strength equal to 2.5
MPa.

As a result of the test work on the construction site of the VRU-1400, the correctness of the technical solution for the
selection of Jet Grouting technology for reinforcement the foundation base in difficult engineering and geological
conditions, namely blast furnace slags, was confirmed.
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Introduction

Reinforcement of the foundations of existing buildings is not rarity in the modern construction world.
The reasons for the implementation can be both reconstruction and differential settlement, which arose
due to imperfect communications or the construction of a new building next to an existing one, etc.

Construction technologies provide a wide range of methods for reinforcement the soil foundation:
placing under new foundations, cement injection, chemical injection, etc. [1,2,3]. A design engineer,
faced with the problem of developing a reinforcement project, can choose any of the existing technologies
depending on the engineering and geological conditions, the construction of the building, the ability to
perform work and the availability of underground utilities.

Reinforcement of the soil base of new foundations is a rare occurrence, because in process of
designing, not only calculations of the strength of structures and foundations should be performed, but
also possible precipitation should be calculated, as well as all possible factors of negative influence
should be taken into account.

The reason for the work on reinforcement the soil base during the reconstruction of the place with a
canopy in the station for the production of air separation products with the installation of VRU-1400 in
the city of Enakievo was the discrepancy between the engineering and geological conditions of the
construction site and previously performed surveys. When additional engineering and geological surveys
at the stage of developing detailed documentation for the foundations of the structures of the plant for the
production of air separation products with the installation of VRU-1400 were carried out, it was found
that unconsolidated zones of various thicknesses at various depths are present in the blast furnace slags.

Jet Grouting technology was chosen to perform the soil reinforcement of existing foundations for the
air separation product plant.
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Jet Grouting technology is based on the high-velocity injection of one or more fluids (grout, air,
water) into the subsoil. The fluids are injected through small-diameter nozzles placed on a pipe that, in its
usual application, is first drilled into the soil and is then raised towards the ground surface during jetting
[4].

Advantages of Jet Grouting technology [5]:

— a wide range of soil conditions for applying jet grouting technology;

— the ability to work in flooded soils;

— high speed of work;

— the ability to work in tight working space;

— low levels of dynamic loads;

— implementation of jet-grouted columns to a given depth of various configurations with the control

of their parameters, both geometric and strength.

A feature of the application of Jet Grouting technology at this construction site was blast furnace slags.
In Ukraine, this was the first experience in the implementation of jet-grouted elements in such
engineering-geological conditions.

The project was developed to reinforcement the foundation with ground-cement piles (jet columns)
with a diameter of 600 mm, a depth of 10 m, made using the jet-grouting method to improve the
construction properties of soils. At the same time, the required compressive strength of the material of
ground-cement jet columns by design documentation is set at a level of not less than 2.5 MPa.

In accordance with the test program of jet-grouted columns at the construction site of VRU-1400, two
test jet columns with a length of 10 m were performed to control the quality of the completed jet columns
of the JV Osnova-Solsif. Characteristics of soil on the construction site are represented in the Table 1.

The test jet columns were designed to confirm the correctness of the selected technological parameters
of Jet Grouting in the actual engineering and geological conditions of the construction site and to control
the receipt of the required geometric and strength parameters.

Table 1
Characteristics of soils
Name of indicators of .
No . ! Units | IGE1 |IGE2|IGE4| IGES5 | IGE6 |IGE7 |IGE 8
properties of soils
Unit weight, y" 18.55
1 | natural state KN/m® | === | 20,02 | 20,01 | 19,58 | 19,85 | 20,92 | 24,55
20,55
saturated state
o | Specific cohesion, ¢ MPa | 0,002 | - |0028| 0,020 | 0036 [0,027| -
saturated state
Internal friction angle, ¢"
3 saturated state deg 36 ) 16 15 13 18 )
Deformation modulus, E 14.9
4 | natural state MPa P - 20,0 14,0 24,0 19,0 -
14,2
saturated state

Groundwater is found at depths of 2.3 m ... 4.8 m from the surface of the earth (absolute marks -
169.80 m ... 172.20 m) in sediments of the soils of Layer 1 (blast furnace slags) and are waters of
technogenic origin. Territory is assessed as flooded.

Due to the particularity of the engineering and geological structure of the site, the presence of zones
with varying degrees of compaction and increased porosity in blast furnace slags, in fact, the output of the
spoil to the soil surface was recorded in a smaller volume than expected. This fact is due to the filling by
the spoil of unconsolidated horizontal zones surrounding the jet column and the additional compaction of
the soil mass. The resulting effect, along with vertically arranged columns of jet columns, can be
characterized as additional reinforcement of the base with horizontal ground-cement spoil lenses that
leads to higher deformation characteristics of the base as the result.
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Backfill slags of blast-furnace process, gray, dark
gray, with inclusions of different types: strong
conglomerates and individual pisces.
Inhomogensous in composition and content. The
total mass is represented by coarse-graned soils:
woody and crushed, with the presence of smaller
fractions. Poured out dry with a layer-by-layer
tamper. Distributed everywhere. The thickness of
the soil iz from 3.2 mto 8.3 m.

Aﬁjﬂ Backfill zoils: loams, black sarth. broken bricks,

construction waste. Haterogensous. Tracking.
Distributed in the eastern part of the site. The
thickness of the soil layer from 03 mto 3.5 m

Ordanary black earth. medivm humus. They
have local distribution in the western and
notthern parts of the site. The thickness of the
soil layer from 03 mto 0.7 m

Loams are dark brown, low-plasticity, with the
incluzion of carbonates. The thickness of the zoil
varies from 2.0 m to 10.0 m.

Loams are vellow-brown, semi-solid, with
mclusions of carbonates. Bet almost
everywhere. The thickness of the soil layer
varies from 1.3 mto 7.3 m.

Figure 1 — Test get-grouted column and geological conditions
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Figure 2 — Execution of test jet columns by Casagrande C6
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Research results

To confirm the geometric dimensions and continuity of the ground-cement body of the jet columns
specified by the design documentation, visual and instrumental researches of the test jet columns were
carried out.

During the visual examination, it was found that the test jet columns have a cylindrical shape, there are
no discontinuities in the body of the jet columns. The measured actual diameters of the upper part of the
experimental jet columns are not less than 600 mm specified by the project and it is 610 mm for the JC-1
jet column and 620 mm for the JC-2 jet column (Figures 3 and 4).

The obtained results confirm the correctness of the selection of technological parameters of high-
pressure jet injection by the Jet grouting method for arranging ground-cement columns in the slags of
blast furnace production massif with zones of varying degrees of compaction.

Figure 3 — Jet column JC-1

Figure 3 — Jet column JC-2

To determine the strength characteristics of the ground-cement material of the jet column, horizontal
cores for the entire length of the diameter were selected from the body of the JC-1 column. Cores were
taken using a Hilti DD 200 concrete drilling machine.

The length of the drilled core was 640 mm (Figure 4), which corresponds to the diameter of the jet
column at the core sampling site, and the cement-slag material of the body of the jet column has a
uniform structure.
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Figure 4 — Core from JC-1 column (total length of core parts - 640 mm)

Four cylindrical samples with a diameter of 120 mm and a length of 240 mm were selected from two
horizontal cores for laboratory testing of the material for strength. Three samples (No. 1 ... 3 in the Table
2) were tested in the laboratory of LLC Astor Donetsk Building Materials Plant in Donetsk (Figure 5).
Compression testing of the material was performed using the DIGIMAX Plus CONTROLS technical
equipment.

Figure 5 — Strength test of a ground-cement sample

One cylindrical sample (No. 4 in the Table 2) was tested in the laboratory of the JV Osnova-Solsif in
Kiev (Figure 6).

Figure 6 — Hydraulic press
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Table 2
Test results
. Age, Sample density, | Strength,
No. Meterial dfys P kg/m 3 Iy MPé;
1 Ground-cement material 24 1800 7,68
2 Ground-cement material 24 1755 4,76
3 Ground-cement material 24 1730 4,80
4 Ground-cement material 28 1730 7,96

The strength of the cement-slag material of the JC-1 jet column according to the results of a laboratory
test ranged from 4.76 to 7.68 MPa for an age of 24 days and 7.96 MPa for 28 days with a required design
strength of 2.5 MPa.

To control the length and continuity of the body of the jet-grouted element, in accordance with the test
program, a vertical core was selected by the core drilling method in the JC-2 jet column for the entire
length.

s = -
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Figure 8 — Core parts laid out along the length of the JC-2 jet column

Selected cores along the length of the jet column (Figure 8) confirm the continuity of the body of the
jet column and the absence of gaps in process of treating the soil with a high-pressure jet of cement
solution. The jet-grouted column has a length of 10 m. A change in core color in the range of 8 m ... 10 m
of column length corresponds to a change in soil conditions.
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Cylindrical samples were selected of the parts of the drilled vertical core and they met the
requirements for compression tests of cylindrical samples — length=2*diameter (marked with numbers on
Figure 8). They were tested in the construction laboratory of the JV Osnova-Solsif. The test results for the
strength of the samples are summarized in the Table 3, where item No. corresponds to the number of
elements on Figure 8.

Table 3
Test results
. Selection | Age, Sample Strength,

No. Material range, m dfys densily,pkg/m3 MP%

3 Ground-cement material 0-1 59 1610 8,2

5 Ground-cement material 1-2 59 1510 8,2

7 Ground-cement material 1-2 59 1770 8,9

9 Ground-cement material 2-3 59 1520 9,5

13 Ground-cement material 34 59 1490 11,2
17 Ground-cement material 34 59 1595 7,4

18 Ground-cement material 4-5 59 1605 7,3

22 Ground-cement material 5-6 59 1660 7,9

26 Ground-cement material 6-7 59 1490 11,0
27 Ground-cement material 7-8 59 1570 9.5

28 Ground-cement material 8-9 59 1540 7,3

32 Ground-cement material 9-10 59 1525 10,8

The minimum strength of cement-slag material according to the results of laboratory tests was
7.3 MPa, the maximum - 11.2 MPa. For cement-clay material: minimum - 7.3 MPa, maximum -
10.8 MPa. The resulting compressive strength of ground-cement material exceeds the design (2.5 MPa).

Based on the experimental data on the implementation of ground-cement elements in various
engineering and geological conditions on the territory of Ukraine, we present some comparative analysis
with the results obtained when using of jet grouting in backfill slags of furnace production (table 4).

Table 4
Comparative analysis of the compressive strength of ground-cement material
Characteristics of the soil | The compressive strength
No. Soil type of ground-cement
v, t/m’ c,kPa | o, grad material, MPa
1 |Deluvial-landslide sandy soils 1,84 8 18 11,9...23,8
2 |Soft plastic peaty loam 1,66 19 6 3,7...6,7
3 |Loess-like sandy loam, subsidence| 1,65 10 22 42...12,6
4 |Hard sandy loam 1,66 35 24 10,2...14,3
5 Backﬁlll slags of furnace 1.85 2 36 48 112
production — e

Analyzing the comparative table of the characteristics of the strength of the ground-cement material,
we can conclude that the results of the strength of the slag-cement material are closest to the compressive
strength of the ground-cement in sandy loam.

Conclusion

In accordance with the test program for get-grouted columns performed by Jet Grouting technology at
the construction site of VRU-1400, two test jet columns were completed.

Based on the results of the visual inspection, the cylindrical shape of the jet-grouted elements was
confirmed and the actual diameters were measured, which amounted to 610 ... 640 mm that is more than
the required for the project - 600 mm.

To determine the strength characteristics of the ground-cement material, core samples in horizontal
and vertical directions were selected from jet columns. Horizontal cores once again confirmed that the
actual diameter exceeds the design diameter (640mm> 600mm) and that the cement-slag material has a
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uniform structure. The selected vertical core confirms the design length of the jet column, the continuity
of the body of the jet column and the absence of gaps in the processing of Jet Grouting were affirmed.

According to the results of laboratory tests of cement-slag cylinders, selected from horizontal cores
(JC-1 jet-column), the strength of the material ranged from 4.76 to 7.68 MPa for 24 days of age and
7.96 MPa for 28 days.

According to the results of testing cylinders made of vertical core (JC-2 jet column), the minimum
strength of cement-slag material was 7.3 MPa, and the maximum - 11.2 MPa. For cement-clay material:
minimum - 7.3 MPa, maximum - 10.8 MPa.

The obtained results of the compressive strength of ground-cement material exceed the design strength
equal to 2.5 MPa.

As a result of the test work on the construction site of the VRU-1400 for the carrying out jet-grouted
columns, the correctness of the technical solution for the selection of Jet Grouting technology for
reinforcement the foundation soil in difficult engineering and geological conditions, namely blast furnace
slags, was confirmed.
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B. E. I'y6amosa

OIIBIT BBINMOJIHEHUSI TPYHTOLUEMEHTHBIX
SJIEMEHTOB IO TEXHOJIOTMU CTPYUHOHN
IHEMEHTALIMU B IIVIAKAX JOMEHHOI'O ITIPOU3BOJCTBA

00O CI "OcHoea-Concud", Kues, YkpavHa

B cmambe paccmompeH nepsbili 8 YkpauHe orbim 8bINOIHEHUS] epyHMOUEMEHMHbIX KOMOH 8 wWiakax OOMEeHHO20
npousgodcmea.

B coomeemcmeuu ¢ npoekmom ycusieHusi epyHmo8020 OCHO8aHUS MpU PEeKOHCMPYKUUU MOMEUWeHUs C Ha8ecoM 8
cmaHuyuro rno npoussodcmsy npodykmoes pasdesneHusi 8030yxa ¢ ycmaHoskol BPY-1400 e e.EHakuego Ha meppumopuu
3aso0a 6biniu 8bIMOMHEHbI 3KCepuMeHmarbHble pabombl ¢ uenbilo nodmeepxOeHusi MpasuibHOCMU 8bl6paHHbIX
mexHosio02u4ecKkux rnapamempos cmpyuHol uemeHmauyuu (Jet Grouting) 8 ghakmuyecKux UHXEeHepHO-2e0/102U4EeCKUX
ycrosusix cmpoumerbHoU nnowadku U KOHMPOsIsi 2e0MempuUYeCcKUX U MPOYHOCMHbIX rapamempos epyHmMoueMeHmMHbIX
KOJTOHH.

BbinonHeHbl 08e  OnbimHblE ePyHMOUEMEHMHbIE KOMIOHHbI, B8bIMOTHEHO 8U3yarlbHoe U UHCmpyMeHmasnbHoe
obcrnedosaHue 0XXem-KOJ/IOHH, 6bIC8epPsiEHbl KePHbI U3 mena O0Xem-KOJIOHHbI 8 20pU30HMaslbHOM HarpaesieHuu u
ucrnbimaHue Mamepuara Ha POYHOCMb Ha cxamue, a mak e ombop KEPHO8 8 8epmuKasibHOM Harpas/ieHuU Ha 6Cto
OnuHY 0Xem-KOJIOHHbI, UCMbimaHue 2pyHmouyeMeHmHo20 Mamepuana u nodmeepxoeHue CriiowHOCMU 8binoIHeHHOU
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0XXKem-KOJIOHHbI.

Mo pesynbmamam eu3yanbHo2o obcnedosaHus Obina nodmeepxoeHa yunuHOpuyeckass c¢hopma CcmpyuHo-
UeMeHmMayUOHHbIX 3/1IEMEHMO8 U 3amMepeHbl hakmudeckue Ouamempsbl, Komopbie cocmasunu 610...640 mMm, 4ymo
6onbwe mpebyemozo rno npoekmy — 600 Mm.

OmobpaHHbIl 8epmuKkarnbHbIl KepH noomeepxxdaem MpPoeKkmHyto OnuHy 0Xem-KO/OHHbI, CITOWHOCMb mena oxem-
KOJTOHHbI U 0omcymcmeue pa3spbigos rpu obpabomke epyHma 6bICOKOHaNopHoOU cmpyel ueMeHmMHoeo pacmeopa.

Mo pesynbmamam nabopamopHbIX  UCMbIMaHull  UeMeHMHO-WIakosbiX  YunuHOpos, omobpaHHbIX U3
20pU30HMasbHbIX KEPHO8 MNPOYHOCMb Mamepuana cocmasuna om 4,76 do 7,68 MlNa dnsi eo3pacma 24 cymok u 7,96
Mrla dna 28 cymok. Mo pe3ynbmamam ucnbimaHul YuinuHOpo8 u3 eepmuKasibHO20 KepHa MUHUMasbHasi MpoYHOCMb
UeMeHmMHo-WJsaKkoeo2o mamepuasna cocmasuna 7,3 Mlla, makcumarnbHas — 11,2 Mlla. lNonydyeHHble pe3yrnbmamsi
IPOYHOCMU Ha Ccamue 2pyHMoyeMeHmMHO020 Mamepuarna fpesbilarm fNPoeKMmMHYH MpoYHocms pasHyto 2,5 Mla.

B pesynbmame nposedeHHbIX OMnbimHbiX pabom Ha nnowadke cmpoumenbcmea BPY-1400 no ebinonHeHuto
2pYHMoueMeHmMHbIX KOoH bbinna nodmeepxxo0eHa npasuiibHOCMb MEXHUYECKO20 peweHuUs o ebibopy mexHonoeuu Jet
Grouting 0nsa ycuneHusi 2pyHmMO8 OCHOBAHUSI 8 CIIOXHbIX UHXEHEPHO-2e0/102UHECKUX YCII08USIX, @ UMEHHO HachIMHbIX
wakax Q0OMeHHO20 rnpoussodcmsa.

Knroyesbie crioga: mexHonoausi cmpyUHoU yemeHmauyuu, cmpyUHO-ueMeHmayuoHHasi KO/I0HHa, wiriaku 0OMeHHO20
npoussodcmea, 2pyHMoueMeHmMHbIU Mamepuarl.

TI'ybawoea Banenmuna Egzenveena — Benyuil uHxeHep JlenapraMeHTa CHeUMaIbHBIX U THAPOTEXHUYECKUX
pabot OOO CII "OcnoBa-Coincud, Kue, Ykpanna e-mail: v.gubashova@gmail.com.

B. €. I'y6amoBa

AOCBIA BUKOHAHHA I‘PYHTOI_[].*?MEHTHI/IX EJIEMEHTIB
1O TEXHOJIOI'II CTPYMEHEBOI HEMEHTALII B HIJTAK
JAOMEHHOI'O BUPOBHUMIITBA

TOB CIN "OcHoa-Concud", Knis, YkpaiHa

Y cmammi po3anaHymo nepwull 8 YKpaiHi 00c8i0 8UKOHaHHS IPYHMOUEMEHMHUX KOJIOH 8 wJrakax OOMEeHHO20
supobHuumea.

BidnogioHo do npoekmy mnidcuneHHs rpyHmMo8oi OCHO8U MPU PEKOHCMPYKUII MPpUMIWEHHS 3 HagicoM 8 cmaHUujito 3
supobHuymea npodykmie po3dineHHs1 rnogimps 3 ycmaHoskoo BPY-1400 e m. €Hakiege Ha mepumopii 3agody 6ynu
BUKOHaHI eKkcriepumeHmarsibHi pobomu 3 Memoro niomeepoXxeHHs npasusibHocmi obpaHux MexHOsI02iYHUX napamempis
cmpymeHesoi yemeHnmauii (Jet Grouting) y thakmuyHUX iHXeHepHO-2eono2idyHUx ymoeax b6ydieenbHo20 maldaH4quka i
KOHMPOJII0 260MeMPUYHUX | MIUHICHUX napamempig rpyHmMouyeMeHMHUX KOJTOH.

BukoHaHO 08i docniOHi rpyHMoueMeHmMHi KOSIOHU, 8UKOHaHO 8i3yallbHe ma iHCmpyMeHmarsabHe obcmexXeHHs1 0xem-
KOMIOH, 8uceeplnieHi KepHU 3 mina OXem-KOMOHU 8 20PpU30HMarlbHOMY HarnpsMKy i eunpobysaHHss mMamepiany Ha
MiYHiCmMb Ha cmMucCK, a makox 8i0bip KepHie y eepmukanibHOMY HarnpsIMKy Ha 8cto O08XXUHY 0XXem-KOJI0HU, 8UrnpobyeaHHs
rpyHmMouyeMeHmHo20 Mmamepiany i nidmeepoxeHHs UirlicmHOCMi 8UKOHaHOI O)Kem-KOTOHU.

8a pesynomamamu 8i3yanbHo20 o0bcmexeHHs1 6yna nidmeepoxeHa UumniHOpu4YHa ¢hopma CmpyMeHeeo-
uemeHmauitiHux enemeHmie i 3amipsiHi chbakmuyHi Oiamempu, siki cknanu 610 ... 640 mm, wo binbwe 8i0 HeobxiOHo20 3a
npoekmom - 600 mm.

BidibpaHul eepmukanbHUll KepH nidmeepoxxye npoekmHy 008XUHY Oem-KOTOHU, CyYinbHicmb mina 0)Xem-KosoHU i
gidcymmHicmb po3pusie npu 06pobuyi rpyHmMy 8UCOKOHaMipHUM CmMpyMeHeM UEeMEHMHOZ20 PO3YUHY.

83a pesynbmamamu nabopamopHux surnpobysaHb UEeMEHMHO-WIIaKosux UumiHopis, eidibpaHux 3 20puU30HMarIbHUX
KepHie MiyHicmb mMamepiany cknana 6id 4,76 do 7,68 Mlla ona eiky 24 0i6 i 7,96 Mflla dns 28 di6. 3a pe3ynsmamamu
sunpobysaHb YuniHOpie 3 eepmuKkasibHO20 KepHa MiHiManbHa MiyHicmb UeMeHMHO-WI1akoeoao Mamepiany cknana 7,3
Mra, makcumanbHa — 11,2 Mlla. OmpumaHi pe3ynbmamu MiyHOCMi Ha CMUCK IPyHMOUEeMeHmMHo20 Mmamepiany
riepesuwytoms nNpoekmHy MiyHicms pigHy 2,5 Mrlla.

B pesynbmami nposedeHux 0OocnidHux pobim Ha wMmaldaHyuky 6ydiesHuymea BPY-1400 no 8uUKOHaHHI0
rPYHMOUEMEeHMHUX KOJIoOH 6yrno nidmeepdxeHo npasusibHiCmb MEeXHIYHO20 piweHHs1 w000 subopy mexHosnoeii Jet
Grouting 0nsa nidcuneHHs rpyHmMie OCHOBU 8 CKIalHUX i[HXEeHEePHO-2€0/102iYHUX YMO8ax, a camMe HacCUMHUX uwrakax
OoMeHH020 8UpPObHUYMSea.

Kntouosi crnosa: mexHonoziss cmpymeHesoi uemeHmauii, cmpyMeHegso-uemeHmauiliHa KOJOHa, wiiaku OOMEeHHO20
supobHuymea, rpyHmouemMeHmHul Mmamepiari.

TI'yoawoea Banenmuna €ezeniena — Benyunii imxeHep JlemapTaMeHTy CIielialbHUX Ta TigpoTexHIiYHUX pobiT TOB
CII "OcnoBa-Concud, Kuis, Yipaina e-mail: v.gubashova@gmail.com.
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