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Abstract. Engineers need to solve many complex problems during reconstruction in a dense
urban development. First of all, it is associated with the risk of adversely affecting the surrounding
buildings and the need for additional measures to prevent it. In addition, limited construction
conditions restrict the use of traditional technologies, machines and mechanisms. Designing the
right and reliable foundation in each case requires an individual approach. This approach should be
based on a comprehensive study of engineering and geological conditions, a detailed survey of the
structures and taking into account their actual technical condition.

The article presents the developed method of execution of the pile foundation for a new multi-
story building using pressed multi-section pipe concrete micropiles. According to this technique, all
work was performed by small-sized equipment without the use of dynamic loads. The design of the
grillage plate was also developed, with special openings through which the multi-section piles were
later pressed. The idea of making the first plate-grill was to take the weight of the reactive force
from the pressurizing installation, which was attached to the reinforcement releases from the plate.
Piles were joined to the base plate by welding to the mortgage parts, after pressing. Further, the
space between the pile and the mortgage was filled with concrete.

A series of tests were carried out to check the load-bearing capacity of piles and their
sedimentation during the design load. The static indentation was carried out by means of a power
stand which was attached to the reinforcing anchor rods, which were previously concreted into a
monolithic grill. The efficiency and reliability of the implemented solutions are analyzed. The
developed method of execution of foundations for new construction with the use of multi-section
pressed piles allowed to cope with the set tasks without additional financial costs.

Key words: foundation, multi-section piles, pressing.

Introduction. The current trend of urbanization of cities, creates a great need for construction
of new buildings. In the cities there is a significant compaction of buildings and development of
problematic land areas, construction of which was previously considered unprofitable due to the
significant cost of additional engineering measures [1]. Very often construction is carried out in
such difficult conditions that makes it impossible to use large construction equipment.

One such case was the construction of the « TAURUS» hotel on Knyaza Sviatoslava Square 9,
in Lviv (Fig. 1).

Geological conditions required the use of a pile foundation, without creating a dynamic impact
on neighboring structures. A good solution is to use micropiles, which are installed by methods that
cause minimal disturbance to adjacent structures, soil, and the environment [2]. Additional restrictions
were created by the presence of water-saturated layers of sand and peat in the soil thickness, so there
was a choice between borehole injection and pressed piles. Construction equipment that performs such
piles is usually large and heavy, which makes it impossible to use in areas where there are many
communications and networks. Therefore, there was a need to develop a foundation that can be
performed in such difficult conditions.
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Flg. 1. «TAURUS» hotel

Analysis of recent research. The works of Lebeda O.F., Boyko I.P., Kornienko M.V.,
Movchan V.O., Prystupchuk V.V. are devoted to the study of the work of multi-section pressed
micropiles of small diameter [3-4]. A significant contribution to the study of the load-bearing
capacity of pipe-concrete piles is also the work of Morklyanyk B.V. «Strengthening the foundations
of existing buildings on weak soils by pressing piles» [5], in which the rational design of the pile tip
was developed and investigated, the value of the maximum pressing force was established, and it
was found that the bearing capacity of pressed piles on the ground increases with the time of their
rest, namely after 5 years up to 17%.

Setting objectives. First of all, to develop a design and methods of execution of foundations
for a 7-storey building. All work must be performed with small equipment without the use of
dynamic loads. Three piles with static load were tested.

Research methodology. The main purpose of the tests was to check the bearing capacity of
piles and their sedimentation during the design load of 250 kN.

The static indentation was carried out by means of a power stand, which was attached to the
reinforcing anchor rods 925, which were previously concreted into a monolithic grill (Fig. 2).

The pile was loaded in separate stages with a centrally applied load from the hydraulic jack.
The value of the degree of load was taken as 30 kN in accordance with the requirements [6], which
corresponded to 1/10 of the magnitude of the maximum load 300 kN, predicted by the research
program. At each stage, the load was maintained until the conditional stabilization of subsidence,
which in accordance with the requirements of [6] p. 8.2.3 for these soil conditions was 0.1 mm for
the last 60 minutes of observations. The subsidence of the micropile was measured by two
deflectors of the Aistov system (DA-1, DA-2) located at two diametrically opposite points of
section of the pile at its upper end.

Research results. Given the above conditions, it was decided to use pressed multi-section piles
[4]. Pile — round section of casing ©@159x4 mm; reinforced with a spatial frame of longitudinal
reinforcement 3@12A400C, and transverse @6A240C with a step 200 mm; concrete class B20. The
pile was made by pressing sections of length 1.2-1.8 m, which were connected by welding. The
average length of the piles was 10 m. The basis of the piles was the soil of EGE-6. Estimated load on
the pile, according to the project 250 kN. Indentation effort 250x1.4=350 kN. Thus, the pressing unit is
small and has a low weight (up to 2 kN), it was decided to make at first a monolithic reinforced
concrete slab, and use it to perceive the reactive force from the pressing of piles (Fig. 3, 4).
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Fig. 2. Test scheme of a pipe-concrete pile
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Fig. 3. Formwork scheme of the foundation slab
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Fig. 4. The process of reinforcement of the foundation slab and installation of mortgage parts

During the reinforcement of the foundation slab, which in fact acted as a grille, special
mortgage parts made of steel pipe &273mm were mounted. Each pipe was anchored in a plate by
means of welded bends of armature. Through these openings after a set of concrete of 70% of
durability micropiles were pressed (Fig. 5).

Fig. 5. The process of pressing piles

The pressing unit (1) was attached to the reinforcing anchor rods (2), which were pre-mounted
in the reinforced concrete plate (3), so the reactive force from the installation during pressing was
perceived by the weight of the plate. After pressing, the piles were connected to the grid plate by
welding to the mortgage parts (4). Then the space between the pile and the mortgage part was filled
with concrete C20/25.

Engineering-geological section of the site is as follows:

« EGE-1 at a depth of 0.2 to 5.8 m from the earth's surface lay loose soil;
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* EGE-2 from 5.8 to 6.4 m there was a sand solid, light, dusty, with dances and traces of iron,
brownish-gray (ab 1V);

* EGE-3 from 6.4 to 9.4 m — refractory loam, sticky to the touch, viscous, to a depth, 1.4-1.6 m
silted, then peat and parts with layers of medium peat, sand silted, saturated with water, dark grey
(ablll);

* EGE-4 from 9.4 to 10.5 m — hard clay, carbonate with fine crushed marl (10 - 20%), gray,
bluish-gray (eK2m);

* EGE-5 from 10.5 to 12.1 m — gravelly soil-gravel weathered, cracked marl with clay
aggregate (10%) low-moisture, gray (eK2m);

* EGE-6 below 12.1 m — rocky soil — slightly cracked marl low moisture, softened, gray
(eK2m).

Research results. The test results of the pile are presented in the form of graphs of the
dependence of «load-sediment» (Fig. 6). Pile loading with static vertical load was completed when
the load was reached Fy = 250x1.2 = 300 kN when stabilized on two devices of movement of the
tested pile Nel — 8.0 mm, piles No2 — 7.5 mm, piles Ne3 — 6.8 mm.

The relationship between the load on the pile and the average readings of deflectors
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Fig. 6. Graphs of sediment dependence on load

Conclusions. The developed technique of execution of the bases for new construction with
use of multi-section pressed piles allowed to cope with the set tasks without additional financial
expenses.

All work was performed with small equipment without the use of dynamic loads.

The test results of static loading of multi-section pressed piles showed a subsidence of 7.5 mm
at a load of 300 kN, which is less by 37.5% of the allowable draft of 20 mm.

Basically, such piles are based on compact soils and work as piles, their work in different soil
conditions requires further research.
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3ACTOCYBAHHS BATATOCEKIIMHUAX BIABJIOBAHUX ITAJIb B KOMILIEKCI
3 PYHIAMEHTHOIO IIVIMTOIO IIPU BYAIBHULTBI 'OTEJIIO «TAYPYC»
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Anorauis. [1ig yac OyniBHHIITBA B YMOBaX MIUIbHOT MiCbKOi 3a0yOBH iH)KE€HEpaM MOTPIOHO
BUpINIYBaTH O€3iu CKJIAaJHUX 3aBIaHb. B mepily uepry, 1ie OB S3aHO 3 PU3UKOM HETaTUBHOTO
BITUBY Ha 00’€KTH mpuierioi 3a0yaoBH 1 HEOOXiIHICTIO JTOAATKOBHX 3aXOMIB JUIS 3aro0iraHHs
Takoro BIUIMBY. KpiM TOro, CTHUCHEHI YMOBM BMKOHAHHS OyAiBEIbHO-MOHTQXHHUX pOOIT
OOMEXyIOTb BUKOPUCTAHHS TPAJAUILIHHMX TEXHOJIOTiM, BaXKUX MAalIMH Ta MEXaHI3MiB.
[IpoekTyBaHHS MpaBWJIBHOTO 1 HaAIHHOTO (YHIaMEHTy B KOXHOMY BHIIQJKy HOTpedye
1HaUBIyasbHOTO Tixomy. Llel miaxin moBuHeH 0a3yBaTHCh Ha BCEOIYHOMY BHMBUEHHI 1H)XXEHEPHO-
re0JIOrYHUX YMOB.

B cratTi npeacraBieHo po3po0ieHy METOAUKY BUKOHAHHS MajeBOT0 (pyHIAMEHTY MijJ HOBY
0araTonoBEpPXOBY CIOPYAY 3 BUKOPUCTAHHSM BJIaBJIIOBAHUX OaraTOCEKIIMHUX TPyOOOETOHHHUX
MIKpOmajb. 3TiIHO JaHOI METOJIWKH, BCl POOOTH BHUKOHYBAJIHUCS MajorabapUTHUM O0OJIaTHAHHSIM
0e3 3acToCcyBaHHS JAMHAMIYHUX HaBaHTaXeHb. Takoxk Oyla po3poOieHa KOHCTPYKIS IUIUTH-
POCTBEPKY, 31 CIEMIAIBHUMU OTBOPAMM uepe3 sIKI IMi3HINIE BABIIOBAIKCS OaraToCeKIiifHI maJi.
[nes nepioueproBoro BUrOTOBJIEHHS IUIMTU-POCTBEPKA MOJIATraia B TOMY, 100 i Baroo CIpUHHITH
pEeaKTUBHE 3YCWJUIS BiJ BJABIIOBAJIbHOI YCTAHOBKH, fIKa KpIMHJIAcs O apMaTypHUX BUIIYCKIB 3
mutd. [licns BaaBmrOBaHHs, Taml 3 €THYBAIHNCS 3 IUIMTOIO-POCTBEPKOM 3a JOTMIOMOTOKO
MPUBAPIOBaHHS 0 3aKjIaJHUX JeTaneil. [lami mpocTip MK Taler Ta 3aKJIagHOI0 JETaJLTIo
3aI0BHIOBABCSl OETOHOM.

[IpoBeneHo cepito BUIIPOOYBaHb, 11100 MEPEBIPUTH HECYUY 3[ATHICTh Majlb Ta iX OCaAKY MpPH
PO3paxyHKOBOMY HaBaHTa)keHH1. CTaTW4HE BJABIIOBAHHS MPOBOJIMIOCH 3a JIOIIOMOTOI0 CHUJIOBOTO
CTEH/Y SIKMM KPIMUBCS JI0 apMaTypHUX aHKEPHHUX CTEPXKHIB, 110 OyJIM TIOTIepeIHhO 3a0€TOHOBaHI B
MOHOJITHHH pocTBepkK. [IpoBeneHo aHaii3 epeKTUBHOCTI Ta HAJAIMHOCTI BIPOBAIKEHUX PIIIEHb.
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Po3pobnena Meronka BUKOHAHHS ()yHJAMEHTIB JUIsl HOBOTO OYAiBHMIITBA 3 BUKOPUCTAHHSAM
0araToCeKIiMHUX BJABIIOBAHMX MNaJlb JO3BOJIMJIA CIIPABUTUCH 3 IMOCTABICHUMH 3aBIaHHAMHU 0€3
J0JaTKOBUX (piHAHCOBUX 3aTpar.

KurouoBi ciioBa: ¢hyHgameHT, 6araTocexIliiHi majii, BIaBIIOBaHHS.

MPUMEHEHUE MHOI'OCEKIIMOHHBIX BIABJIUBAEMBIX CBAIl B KOMILJIEKCE
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AHHoOTanusi. Bo Bpems CTpoMTENbCTBA B YCIOBHUSAX IIJIOTHOM TOPOJCKON 3acTpOMKHU
MH)KEHEpaM HYXHO pellaTb MHOKECTBO CIIOXKHBIX 3a7ad. B mepByro ouepenb, 3TO CBA3aHO ¢
PUCKOM HETaTMBHOI'O BO3JEHCTBHUA Ha OOBEKTHl MpuUIIErarolieil 3acTpoMKH M HEO0OXOAMMOCTBIO
JIOTIOJIHUTENIBHBIX MEP IO MPEJOTBPALICHHUIO TaKoro BozjeicTBus. Kpome 3TOro, crecHeHHbIE
YCIIOBUSL ~ BBIIOJHEHUS  CTPOUTEIBHO-MOHT@XKHBIX  PaOOT  OrpaHUYMBAIOT  MCIIOJIB30BAHUE
TPAIULMOHHBIX TEXHOJOIMH, TSXKEJIBIX MalIMH M MeXaHU3MOB. IIpoekTHpoBaHME NPaBUIBHOIO U
HA/IKHOTO (hyHIAMEHTa B KaXJOM ciy4ae TpeOyeT WHAMBUAYAJIBHOTO IMOAXOJa. DTOT MOIXOI
JIOJKEH 0a3upoBaThCs HA BCECTOPOHHEM U3YUYEHUU MHKEHEPHO-TEOJIOTUYECKUX YCIOBHM.

B crarbe npencrasieHa pazpaboTaHHasi METOJIMKA BBINOJIHEHUS CBAHOrO (pyHIaMeHTa I0J]
HOBOE€ MHOTOATAKHOE COOPYKEHHE C MCIIOJIb30BAHUEM BJIABJIMBAEMBbIX MHOTOCEKLIMOHHBIX
TpyOoOeTOHHbIX MuKpocBail. CoriacHO JaHHOM METOAMKE, BCE padOThl  BBIIOJHSINCH
MaJIOrabapuUTHBIM 000pyIOoBaHHEM 0e3 NpPUMEHEHHMs JUHAMUYEeCKUX Harpy3ok. Takke Oblia
pa3paboTaHa KOHCTPYKLHS IUIMTBI-POCTBEPKA CO CIIELUAIBbHBIMU OTBEPCTUSMH, 4Yepe3 KOTOpbIe
[I03KE BJABJIMBAJIUCH MHOTOCEKIIMOHHBbIE cBau. Mes nmepBoOYEepeHOro H3rOTOBJIEHHUS IUIUTHI-
pOCTBEpKa 3akjiroyaiach B TOM, YTOObl €€ BECOM BOCHPUHATh PEAKTUBHOE YCWJIHE OT
B/JIABJIMBAIONIEH YCTAHOBKH, KOTOpas Kpemujach K apMaTypHBIM BbIIyckaM ¢ IuThl. Ilocne
BJIaBJIMBAHUS, CBal COEAUHSUIUCH C IJIMTOH-POCTBEPKOM C IMOMOIIBIO MPUBAPKU K 3aKJIaJHBIM
neransaM. Jlamee NpOCTpaHCTBO MEXAY CBaed M 3aKJIaJHOW JETalbl0 3arojHsUIOCh OETOHOM.
ITpoBenena cepusi UCHIBITAHUN, YTOOBI MIPOBEPUTH HECYIIYIO CHOCOOHOCTh CBaill M MX OCAJKy MPHU
pacueTHOIl Harpy3ke. CTaTH4ecKOoe BJAaBJIMBaHUE IPOBOAMIIOCH C MOMOIIBIO CHJIOBOIO CTEHJA,
KOTOPBIH Kpenmwiicsi K apMaTypHBIM aHKEPHBIM CTEpP)KHSM, KOTOpPble OBUIM TIpeABAPUTEIHHO
3a0€TOHMPOBAHbl B MOHOJIUTHBIA pocTBepk. [IpoBereH aHamu3 >PPEKTUBHOCTH U HAJEKHOCTHU
BHEJPEHHBbIX pelieHui. Pa3zpaboTaHHass MeToAMKAa BBINOJHEHUS (YHAAMEHTOB JMJii HOBOTO
CTPOMTENBCTBA C UCIIOJIB30BAHUEM MHOTOCEKIIMOHHBIX BJIABIMBAEMbIX CBall MO3BOJIMJIA CIIPABUTHCS
C MOCTaBJICHHBIMHU 33JjauaMH 0€3 JTOTOJIHUTENbHBIX (PMHAHCOBBIX 3aTpPaT.

KiroueBbie cjioBa: pyHaaMeHT, MHOTOCEKIIMOHHBIE CBaM, BAABIUBaHHE.

Crarts Hagidoura qo penakmii 29.02.2020
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