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EXPERIENCE OF FIXING A WEAK BASE FOUNDATION BY VERTICAL
SOIL-CEMENT ELEMENTS USING DRILL-MIXING TECHNOLOGY

Urgency of the research. Most construction sites in Ukraine have soil conditions area created by weak soils. Permanent
pursuit of economical of engineering solutions require the use of new design solutions in the construction on weak soils.

Target setting. In the last years new ways to fixing base of foundations using drill-mixing technology are gaining popu-
larity. In the process of drilling a special wing bit is a destruction of natural soil and mixing with cement solution. As a result
of solidification mixture formed is solid soil-cement element.

Actual scientific researches and issues analysis. It has been previously performed in the laboratory study of strength
soil-cement vertical elements depending on the amount of cement composition "soil-cement”, water-cement ratio in the mix-
ture clay-cement additives properties. In order to a preliminary assessment of effectiveness fixing foundation using drill-
mixing technology numerical simulation was performed.

Uninvestigated parts of general matters defining. Using the weak soils as the basis for foundations of buildings and
structures is seen in view of the possible destruction of their structure and the development of non-uniform deformation.

The research objective. Perform evaluation of the effectiveness of fixing the building foundations on the example of a
real construction site.

The statement of basic materials.. In practice fixing foundations was performed using drill-mixing technology at the construc-
tion site in the city of Kiev. The article presents data about the experience fixing of weak base foundation, composed bulk soils with
the contents of construction and domestic garbage. Fixing performed by soil-cement vertical elements using drill-mixing technology.

Conclusions. The choice of a rational scheme of «basis - the foundation - over ground part of the building» should be
based on an objective assessment of the mechanical properties of soil, and bearing structures of the building. Applying the
basics fixing technology has allowed to reduce the cost of foundation structures up to 20 %.

Keywords: weak base; soil-cement; drill-mixing technology; base fixing, monitoring.
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Urgency of the research. In the last years new ways to fixing base of foundations using
drill-mixing technology are gaining popularity. In the process of drilling a special wing bit is
a destruction of natural soil and mixing with cement solution. As a result of solidification
mixture formed is solid soil-cement element.

Fixing by drill-mixing technology can be applied in weak soils, including sand, clay, silt
and loess. This fixing enables to create constructions from soil-cement as vertical elements
under foundations any construction. The vertical elements can be executed with a diameter of
0.5...1.0 m depth 10 m 25 m and solution injection pressure 1...3 MPa [1; 2].

Production work on the fixing drill-mixing technology consists of two basic steps:

- preparation of water-cement solution;

- injecting cement solution and mixing with the soil by immersion.

Actual scientific researches and issues analysis. It has been previously performed in the la-
boratory study of strength soil-cement vertical elements depending on the amount of cement com-
position “soil-cement”, water-cement ratio in the mixture clay-cement additives properties [3].

By results of physical modeling fixing foundation in the laboratory been substantiated fix-
ing using soil-cement elements in loamy soils during reconstruction of buildings [4].

In order to a preliminary assessment of effectiveness fixing foundation using drill-mixing
technology was performed numerical simulation [5]. Considering options fixing foundations
with a different arrangement of vertical elements in the plan.

Uninvestigated parts of general matters defining. Most construction sites in Ukraine
have soil conditions area created by weak soils. Permanent pursuit of economical of engineer-
ing solutions require the use of new design solutions in the construction on weak soils.

Target setting. Using the weak soils as the basis for foundations of buildings and struc-
tures is seen in view of the possible destruction of their structure and the development of non-
uniform deformation. Experimental records about fixing will allow to optimize the structural
solution of foundation structures of buildings.

The research objective. Perform evaluation of the effectiveness of fixing the building
foundations on the example of a real construction site.
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The statement of basic materials. In practice fixing foundations was performed using drill-
mixing technology at the construction site in the city of Kiev. There planned to build the complex
of residential buildings with infrastructure facilities. The surface area of the construction site was
generated in the process of engineering construction companies (soil dump, is often with remains
of building structures and garbage) and waste of local industry and the activities of residents.

The investigated region refers to the southern border of Kiev. Therefore, the indigenous
sediments here has accumulated water-glacial deposits of sand, sandy loam, clay loam and
moraine. These soils are deposited in all territory of the area.

The development surface erosion led to the formation of ravines. In this area, the active
erosion was completed. Slopes under the action natural factors were formed as resistant to
landslide processes.

However, technogenic activities during the last century gradually began to influence: the
bottom of the ravine was filled actively domestic waste, construction soil with waste residues
of building structures and construction debris. This of course affects the geotechnical and hy-
drogeological conditions.

The construction of this area also lead to certain changes in his condition. According to
the project allocated four lines construction of houses. Building queue is shown in Figure 1.
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Fig. 1. Plan for residential complex with allocation queue

Erection of buildings started with the simplest area on ground conditions (queue I). Moni-
toring subsidence base of foundations residential building (queue I), erected on the sand cush-
ion is shown in Figure 2.

Indicators of mechanical properties on the stability of the base in water saturated condition
shown in Table.

Table
Mechanical characteristics soil
type of soil @i, degrees ¢y, kPa E, MPa
sand 27..31 2.3 25...35
sandy loam 19..21 11...19 20...22
loam 17 20 25
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In the surface area of the building overlie bulk soils representing the weak soils with the con-
tent construction debris and decomposing household waste. Thickness bulk layer soil up to 18 m.
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Fig. 2. Monitoring base subsidence of residential building foundation (queue I)
erected on the sand cushion

Application fixing under a slab foundation by soil-cement vertical elements using drill-
mixing technology enables a whole to improve the general situation the preparation of base on
available technology and has additional positive sides:

— fixing can be performed corresponding to the bottom level of ground pads of entire
space so that ensures continuous improvement in the bulk soil characteristics;

— fixing indicates the possibility of its fulfillment in accordance with the technological re-
quirements of to the desired depth, so that the thickness of the bulk layer is fully amplified;

— laboratory tests confirm that soil-cement strength increases with time, that is, over time,
the reliability of fixing weakly soil increases.

Practice confirms that in time the strength in the soil massif, which is fixed, can be in-
creased to 1.5 times [6; 7]. Diagram fixing under slab foundation soil-cement elements and
location of elements shown in plan in Figs. 3, 4.

Production work on the fixing soil-cement elements using drill-mixing technology — in
Fig. 5. General view performance of work is shown in Fig. 6.

To improve ecological protection organics were recommended to add bentonite in cement so-
lution an amount of 1 % by weight of cement. Bentonite clay can actively absorb the allocating.
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Fig. 3. Diagram fixing under slab foundation soil-cement elements
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Fig. 4. Location 0f elements shown in plan

Fig. 5. Production work on the fixing soil-cement elements using drill-mixing technology
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To ensure the strength of the vertical elements of critical actions (subsidence bulk soil, sur-
rounding the trunks, will lead to the manifestation of the effect of “negative friction”), it was de-
cided to increase the consumption of cement and 120 ... 150 kg per meter of vertical elements.
Due to the increased risk, step between vertical elements, it was decided to reduce to 1.5 m.

Fixing foundation residential complex by soil-cement vertical elements using drill-mixing
technology allowed to reduce cost of the work of building foundations up to 20 %. This fixing
was successful and the deformation of the building being reduced did not exceed the results of
monitoring of 30 mm.

Fig. 6. Genera view performance of work: préparation of foundation (a),: the dévice
of the foundation slab (b); the device of basement (c); building frame (d)

Conclusions. The choice of a rational scheme of “basis - the foundation - over ground
part of the building” should be based on an objective assessment of the mechanical properties
of soil, and bearing structures of the building. The example confirms - it is necessary deeply
study the properties of soils with given their change in perspective and possible fixing, as well
as to control a constructive solutions and supporting structures by means of monitoring.
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VIK 624.15
Muxona Kopnienxo, Bepounika Kyx, Camap Abeo, leop Yecodaes

JOCBIJI 3AKPIIIEHHS CJIABKOI OCHOBH ®YHIAMEHTY
BEPTUKAJIBHUMH rPYHTOHEMEI:ITHI/IMI/I EJIEMEHTAMM
3 BUKOPUCTAHHAM TEXHOJIOI'TI TIPYHTO3MILIIYBAHHS

Axmyanvnicme memu docnioycenns. binowicmo Oyoigenvrux matldanuukie 6 Yrkpaini maiomo Ipynmosi ymoeu, cmeo-
peni cnabkumu pynmamu. Tlocmiiine npacnenns 0o eKoOHOMIl THIICEHEPHUX pilueHb NOMPedye GUKOPUCTIANHA HOBUX KOH-
CMPYKMUBHUX pileHb npu OyO0ieHUYMSI Ha C1AOKUX TPYHMAX.

Ilocmanogxa npoonemu. Ocmannimu yacom nonyiapricms nabyeae HO8ull cnocio 3akpinienus gyHoamenmy 3a 0ono-
Mo2010 mexnono2ii ipynmosmiutyeanus. ¥ npoyeci Oypinna 6i00y8acmuvcs pyiny8ants npupoOHo20 TPYHmMY 1 Nepemiuly8anHsl
3 YeMeHMHUM PO3UUHOM. ¥ pe3ynvmami meepOinis CyMiuii Ymeopioemocs meepoull IpyHmMoyemMenmnull enemenm.

Ananiz ocmannix docniocens i nyonikauyiii. Paniwe suxonysanucsa 6 1a60pamopHux ymogax 00CHiONCeHHs Miynocmi
IPYHMOYEMEHMHUX BEPIMUKANLHUX elleMEHMI8 3aNedHCHO 8i0 8MICMY YeMeHmY, CNi68IOHOUIeHHs «TPYHM—YeMeHmy, 800HO-
YeMeHMHO20 CIBBIOHOWEHHS 8 CYMIi, 6r1acmusocmelt 2IUHUCIO-yeMeHmHux 000agox. [{na nonepednvoi oyinku egpexmus-
Hocmi 3akpinaents yHoamenmy 3 UKOPUCAHHAM MEXHON02IT IPYHMO3MIULY8AHHS OYI10 BUKOHAHO YUCTI08€ MOOETIOBAHHS.

Buoinenns nedocnioxcenux wacmun 3a2anvioi npoonemu. Buxopucmanns cnabkux ipynmie sk ocHo8u ynoamenmia
6yodigenb ma cnopyo mMae po3enioamucs 3 ypaxy8aHHaMm MOJICTUBO20 PYUHYBAHHS IXHbOI CHPYKMYpU ma po36UmKy HeoOHO-
pionoi depopmayii.

Ilocmanogka 3asoanns. Buxonamu oyinioganus eghekmusnocmi 3axpinienns gynoamenmis 0yoieni na npukiadi pe-
anvHo2o 6y0i6enbH020 MAOAHUUKA.

Buknao ocnosnozo mamepiany. Ha npaxmuyi 3axpinienHs OCHO8U BUKOHY8ANOCA HA 0YOiGeIbHOMY MAUOAHUUKY 8
M. Kuesi. ¥ cmammi npedcmasneni 0ocgioni 0ami npo 3akpiniients ciabdko2o IpyHmy 0CHO8U QyHOAMeHmis. IMiyHeHHs oc-
HOBU BUKOHYBANIOCS 8EPMUKATLHUMU TPYHMOYEMEHMHUMU eleMeHMAMU 3 GUKOPUCHAHHAM MEXHON02iT TPYHMO3MIULYBAHH.

Bucnoeku ionoeiono 0o cmammi. [Ipu npusnauenti KOHCWMPYKMUSHUX piuierb npu OyO0iGHUYMeI Ha CIaOKUX IpyHmMax Heoo-
XIOHO 2nUOOKO BUSYAMU GIACMUBOCIE TPYHIMIG 3 YPAXYBAHHAM IX 3MiH Y NEPCneKmusi ma GHACHIOOK MOJUCTUBO20 3AKPINAeHHS, a
MaKodic KOHMPONIo8amu epeKmuHiCmy 3aCmMOCOBAHUX 3aX00I8 3a 00NOMO2010 MOHIMOpUH2Y. 3acmocysants mexHonoai gikcayii
OCHOBU HA eKCNEPUMEHNATILHOMY MAUOAHYUKY OANO 3MO2Y 3HUZUMU 8apmicmb yHoameHmuux KoHcmpykyitl 0o 20 %.

Kniouosi cnosa: cnabka ocnosa; tpynmoyemenm, mexHon02is ipyHmo3miutyeanHs, @ikcayis oCHOBU; MOHIMOPUHE.

Puc.: 6. Tabn.: 1. bién.: 7.
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Huxkonaiti Kopruenxo, Beponuka Kyx, Camap Abeo, Heopv Yecooaes

OIIBIT 3AKPEIIVIEHUA CJIABOTI'O OCHOBAHUSA ®YHIAMEHTA
BEPTUKAJIBHBIMU I'PYHTOUEMEHTHBIMU 3JIEMEHTAMU
C UCTIOJIB3OBAHUEM TEXHOJIOI'MA TPYHTOCMEIINBAHUA

Axkmyansnocms memsl uccnedosanusn. bonvuiuncmeo cmpoumenvHulx niowadox 8 Ykpaune umeom pyHmogule ycio-
8us, cuodicentvle crabvimu epynmamu. Ilocmoannoe cmpemnenue K SKOHOMUU UHIICEHEPHBIX peuleHull mpebyem UCnoIb308a-
HUSL HOBbIX KOHCIMPYKMUSHBIX PEULeHUL NPU CIPOUmenbcmee Ha Cladblx SPYHMAX.

Ilocmanogxka npobnemsvl. B nocneonue epems nonynaprocms npuobpemaem Ho8blld CHOCOb 3aKpenieHus OCHOBAHUS
@ynoamenma ¢ nomowjplo mexHono2uu epyHmocmewusanus. B npoyecce b6ypenus npoucxooum paspywienue npupooHotl
CMPYKNypbl 2PYHMA U nepemMemusaniis ¢ YeMeHmHbIM pacmeopom. B pezynomame meepoenus cmecu obpasyemcs meepoulil
2PYHMOYEMEHMMUbBLL DeMeHM.

Ananuz nocnednux uccnedosanuil u nyonukayuil. Panee 8bInoaHANUCL 8 1AOOPAMOPHLIX YCIOBUAX UCCTEO08AHUS
NPOYHOCMU 2PYHMOYEMEHMHBIX BEPMUKANLHBIX INEMEHMO8 8 3ABUCUMOCHIU OM COOePICAHUS YeMeHmd, COOMHOUEeHUs
«epyHm-yemeHmy, 800HO-YeMEeHMHO20 COOMHOWEHUS 8 CMeCU, CEOUCME 2IUHUCMO-YeMeHMHbIX 000asok. [[is npedsapu-
MenbHOU OYeHKU IhdexmueHocmu 3aKpenyieHus QyHOamenma ¢ UCHONb308aAHUEM MEXHON0UU SPYHIMOCMEUUBAHUs ObLIO
8bINOJIHEHO YUCTIEHHOE MOOETUPOBAHIUe.

Buioenenue neuccnedosannvix uacmeii ooujeii npodnemolt. Vcnonvzosanue ciabvix epynmos 8 Kauecmee 0CHOBAHUA
@ynoamenmos 30anull u Coopydlcenuli O0NNCHO PACCMAMPUBAMBCA C YHEMOM B03MOICHO20 PAPYUEHUA UX CHPYKMYPLL U
Pazeumus HepagHoOMepHuIX Oehopmayuil.

Ilocmanogka 3adauu. Beinonnume oyenky spghexkmusnocmu 3aKpennenus GyHoameHmos 30aHus Ha npumepe peanbHoll
CMpPOUMENbHOU NIOWAOKU.

Hznoscenue ocnosnozo mamepuana. Ha npaxmuke 3axpenienue ocHOBaHUS GbINOTHANOCL HA CIPOUMENbHOU NIOWAOKE 8
2. Kuese. B cmamve npeocmasnenvl onvimiule oanHble 0 3aKpenienull ciabo2o spyHma OCHOBAHUA QyHOamenmos. 3akpenieHue
OCHOBAHSL BLINOTHANOCH BEPMUKATLHBIMU 2PYHMOYEMEHMHBIMU dTNeMEHMAMU C UCNOTb308AHUEM MEXHONO2UU SPYHIMOCMEUUBAHLLA.

Bui6oowst ¢ coomeemcmeuu co cmamoeil. [Ipu naznavenuu KOHCMPYKMUGHLIX peulenuli npyu cCmpoumenscmee na cia-
ObIX epyHmax HeoOXo0uUMo 21yO0KO U3yuams CEOUCMBA SPYHMOS C YHemOM UX U3MEeHeHUll 8 nepcnekmuge u 8 pe3yibmame
B03MOJICHO20 3aKpeNieHUs, a MaKdice KOHMpOoIuposams I¢h@exmueHocms NPeOnPUHUMAEMBIX MeP C NOMOUJbIO MOHUMOPUH-
ea. Ilpumenenue mexmonoeuu uxcayuu OCHOBAHUA HA IKCNEPUMEHMATbHOU NIOWAOKe NO3GONUNO CHUZUMb CMOUMOCHb
@ynoamenmuuvix koncmpykyuii 0o 20 %.

Kniouegvie cnosa: craboe ocnosanue; epyHmoyemenm,; MexHON02Us PYHMOCMEeUUSaHUs; 3aKpenieHue OCHOBAHUSA,
MOHUMOPUHE.

Puc.: 6. Tabn.: 1. bubn.: 7.
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