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Abstract.

Strengthening the foundation is one of the fundamental stages of reconstruction or restoration of a
building. Deformation of structures, in particular foundations, occurring in the process of long-term operation of
buildings and structures. The main processes affecting the destruction, deformation and shrinkage of the
foundations and foundations of buildings are the increase of load, destruction of masonry, reduction of
waterproofing properties, deterioration of the stability of foundations or soils in their base, the increased
deformability of soils, unacceptable movement of structures. For example, superstructure with the increase of
loads on the foundations is accompanied by the restoration of the process of subsidence of the building. Many
houses are superstructed, time repeatedly. To a large extent, the deformability of foundations is affected by the
physical impact, i.e. construction activities that take place in the city - the development of subways, tramways,
trails, engineering systems that provide the dynamic impact on the foundation from the outside.

To solve these problems, foundations are often strengthened using multi-section indentation piles and a
monolithic reinforced concrete slab, which is connected to the foundations of the building. This method is quite
common, especially when there are difficult conditions and limited access.

Strengthening of foundations of the existing building of the Faculty of Law of Ivan Franko National
University of Lviv on 14 Sechenov Streltsov Street in Lviv was carried out using indentation piles. To improve
the efficiency of new foundations, piles were included in the work.

The difficulty lies in the fact that the reinforced foundations and the existing foundations work in different
conditions and it is necessary that their settlement in the process of operation was the same. Immediately after
the performance of strengthening, the piles should be included in the joint work with the reinforced concrete
foundation slab to work the building together with the foundations foundation soil, rather than after several
years of independent settlement of the structure and loading of the strengthening piles with it.

This article also describes a technique of the additional inclusion of tubular-concrete micropiles in joint
work with the foundation slab, which allowed to considerably reduce the development of the building trichen-
outs and settlements after putting it into operation.
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AKTyaJIbHiCTh JocaikeHHs. Ha cporomnimmiii neHs y JIbBOBI Ta B IHIIMX MiCTax 3
ICTOPHYHOIO 3a0y/IOBOIO € 3HAYHA KUTBKICTh CHOPY/I, SIKi MOTPEOYIOTh MiICHICHHS. SIK MpaBuio I
CIIOpY/IM BUMAraloTh B MIEpILLY Yepry mifcuieHHs pyHaamenTiB. [Iporiec peKoHCTpYKILi X OyIMHKIB
YCKJIQHIOIOTh Taki (haKTOpH, sIK INiIbHa 3a0ymoBa [1], CkiagHi reonoriyni yMOBH, OOMEKEHHI
MIPOCTIP B MIBATGHUX MPUMIIICHHSX Ta 1H.. BpaxoByrour 11i (hakTopy, Ha ChOTOIHI IOCHTh aKTHBHO
3aCTOCOBYIOTH METOJI IMi/ICHJICHHS (hyH/IaMEHTIB 13 BUKOPHCTaHHAM TPYOOOETOHHHUX OaraToCeKIiiHIX

nab [2,3], sIki BAABITIOIOTHCS Yepe3 OTBOPU-BIKHA Y 3aTi300€TOHHIN (DYHIaAMEHTHIM TUTHTL, TICIIS 40TO



OTOJIOBKH TAJTh 00’ €THYIOTh 3 TUIMTOI. OCOOMBICTIO TAHOTO METOY € HEOOXITHICTh JIOATKOBOTO
BKJTFOYEHHS B CyMICHY POOOTY TajieBUX (DyHIAaMEHTIB 13 ICHYFOUOIO CIIOPY/IOFO.

ToMmy € HEOOXimHICTH B PO3pOOII METOIMKM BKIFOUEHHS Nl B CyMiCHY poOOTYy 3
(yHIAMEHTHOIO TUIMTOI0 3aBEACHOI0 Yy (pyHIameHTH icHyrouoi cropyau. Llpomy mmTaHHIO
NIPUCBSTYEHA JJaHa poOoTa.

AHali3 ocraHHiX JociKeHb i myOuikaumiii. J{ocmiDKeHHSIMH HECydoi 3/1aTHOCTI
0araToCeKIifHUX BIABIIIOBAHUX MIKPOIalb HEBEIUKOTO AiaMeTpy MpUcBsideHi podoru [4-7].
Baromum BKIagoM y AOCHIPKEHHS poOOTH IMX pomaib € Takox pobota [8] y sakiil Oyna
po3pobiieHa Ta AOCTIPKEHA pallioHaIbHA KOHCTPYKIliSI HAKOHEYHHWKA Ialli, BCTAHOBJICHO
BEJIMYMHY MaKCHUMAaJIbHOTO 3YCHIUIS BIaBIIOBAHHSI, a TAKOK BHSBIICHO, 110 HECydYa 3/1aTHICTh
BJABJICHUX MaJIb MO IPYHTY 30UIBIIYETHCS 13 YaCOM iX BIAIOYHMHKY, a caMe uepe3 SPOKiB 10
17%. EdexTuBHICTb 3acTOCYBaHHsS BJABIIOBAaHMX MIKpPONAlb MpPH  PEKOHCTPYKIT
miaTBEepKEHO B poboTi [9)].

Mera i 3aga4i qocaigxennsi. MeToro TOCTIIKEHHS € pO3POOUTH METOIUKY BKIFOUCHHS
najib B CyMICHY poOOTy i3 3ai300€TOHHOIO IUIMTOIO, sIKA 3aBelieHa y (DyHIaMEHTHI CTiHU
migBatiB OymiBiIi.

Buxuiag ocHoBHOro marepiaiy. BkitoueHHs maib B CyMiCHY poOOTy 13 3a1i300€TOHHOIO
(GyHIAMEHTHOIO TUIUTOI0 HEOOXITHO BMKOHATH JUIsl CIUIBHOI poOOTH OYIIBII 13 TPYHTOM
OCHOBH OJIpa3y Micjsl BUKOHAHHS MiJCHIICHHS (yHIAMEHTIB, a He 4Yepe3 JeKiIbKa POKiB
CaMOCTIMHOTO OCiIaHHS CHOPYAH Ta MPUBAHTAKEHHS HEIO Manb mifgcuieHHs. HeoOXigHicTh
TaKOT0 J0JJaTKOBOT'O BKJIIOUEHHS IMaJlb B CyMICHY poOOTYy 3 IMiJICHIIOBAaHOIO OymiBiei0 Oyiia
JI0OKa3aHa Tij] yac miacuiieHHs Oyaiii ropuananoro daxynprery JIHY im. [B.®@panka mo By
CivoBux Crtpinbuis, 14 y m.JIbBOBI.

Jlo moyaTKy BUKOHAHHS BKJIIOUEHHS Hallb B CyMiCHY poOoTy 3 Oy/iBiero Oyiu BUKOHAHI
HAcTymHi poOoTH: 3a0eToHOBaHa 3aii300eToHHA (yHIamMeHTHaA rumTa (1), sKa BUKOHYyBaja
poJib pocTBEpKOBOT uTH (puc. 1,2.) 31 cnemialbHUMU OTBOpaMHU-BiKHaAMU (2) Ta aHKEpamMu
JUTSL KPITUIEHHSI YCTAaHOBKH, SIKOIO B MOAANBIIOMY BAaBmroBanucs maii (3). Beboro Ha 06’ €exTi
Oyno BaaBieHo 315 TpyOoOeTOHHUX MiKpomanb, AlaMeTpoM MeTaleBux Tpyo 159 MM, Ha
rmbuny 110 4,5...5,5 M, cexiismu goBxuHO0 10 0,5...1 M. [licnst BpaBmoBaHHS B cepeIuHy
TpyO BCTAHOBIIIOBABCS apMaTypHUH KapKac Ta BeJIocs OCTOHYBaHHS BHYTPINIHHOI YaCTHHH

TpyOu. MertasneBi TpyOM BAABIIOBAINCS CIELiaIbHOIO YCTAHOBKOIO, SKa KpIiMHJacs 0



aHKepiB MOHONITHOI miuTu. [Ipm 1boMy, OKpeMi cekiii TpyO 3BapioBalvcs B MpoIieci
BIABIIIOBaHHSA MiXK c00010. Mikponalli BIaBIIOBAIKCS KOHTpoiboBaHuM 3ycuiisim 300 kH.
OuikyBana Hecyya 31aTHicTh nani F=300/1.4=214 kH. Craruune BUIpOOyBaHHS Naji 3riTHO
cranaaptHoi Mmeronuk, [10] mokasano 1i Hecyuy 3natHicTh 270/1.2=225 kH >214 kH.

['oToBI manmi BUTPUMYBAJIUCS HE MEHIIE 1-ro MiCsI, TICAS YOro BHKOHYBAJIH
BKJIFOYCHHSI Tajlb B CYMICHY POOOTY 13 3a/1i300€TOHHOIO IUIMTOIO 3TiHO pOo3po0eHol

MCTOOHKH.
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Puc. 2. CxematuuHuii po3pi3 OyAiBIi
MeTtoauka mnpoBedeHHs1 BUMPOOyBaHb. OCHOBHOIO METOIO BHUIPOOYBaHb OYyJIO

JOCTIIUTH POOOTY Majib MiA Yac iXHHOTO JOJaBIIOBaHHSA. BUKOHYBaBCS KOHTPOJb 3yCHIIb,

JIOJATKOBOTO BIABIIOBAHHS



Ta JOJATKOBUX OCAJIOK ITaTh 10 BChOMY HAJICBOMY TOJT0. BKITFOUEHHS B CIUIBHY pOOOTY
13 3aJ11300€TOHHOIO TTUTOXO BigOyBanocs Bix oci J[1, ne Oyna HaitbiIbImIa ocagka Cliopyau, B

HAMpsAMKY Ooci A, Jie ocajika criopy iy Oyia HaliMeHInoro (puc. 3,4).
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Puc. 4 Ilnan-cxema rpyn majib 3 HyMepari€eo
10 Yep3i BAKOHAHHS JOAABIIOBaHHS

Ha puc. 5 npexncraBieHo cuUIOBUI CTEH, SKMH BUKOPUCTOBYBABCS JUIS JOJABIIOBAHHS
nanb. JlomaTkoBe HaBaHTaXEHHSA Nallb 3/1MCHIOBAJIOCH METOJOM TEPMIYHOTO HarpiBaHHS
ankepiB (1) B mporieci iX 0XOJOKEHHS, 3yCHIUTS TIEPEIaBalIOCh Yepe3 CUCTEMY TpaBepC Ta
HacTaBku (2) Ha mai.

HarpiBaHHS-0XONIOJKEHHST aHKEpiB BiOyBajocs B JiBa €Tald: Ha IEPIIOMY eTarli
Temmeparypa Harpiy ckiana 10 350 °C, ma npyromy erami 1o 400 °C. Temneparypy HarpiBy
aHKEPIB KOHTPOJIIOBAIM 3a JOMOMOTOI0 mipoMerpa. KOHTpob 3ycuiuis, sKe Iisi0 Ha Mo
BU3HAYAJIM 3a JIOMOMOTOI0 KijblleBoro amHamomerpa (3). Ocaaxky majni BU3HA4Yadd 3a
JIOTIOMOTOI0 JIBOX MpOruHOMipiB AictoBa (4). Ilicist mpyroro eramy HarpiBaHHS aHKEpiB,
NaTI0 TPHUBAPIOBAIM Yepe3 METalleBl IUIACTUHHU JO CTIHOK OTBOpPIB-BIKOH (5), sKi Oynu

BUKOHAaHi 3 METaJIEBUX TPYO AiameTpom 273mm.
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Puc .5 CrioBwii crenn; a) [Tnan-cxema cuioBoro crenpy, 0) Pospis 1-1, B) Po3piz 2-2.

Meromka BKITFOUEHHS Tl B CyMiCHY poOOTY 3 (DyHZaMEHTHOI POCTBEPKOBOIO IUIUTONO, a
4epe3 Hel 3 Oy/iBJIer0 POBOMIIACH 32 HACTYITHOKO TTOCITIOBHICTIO:

1. BupiBHIOBAIMCS OTOJIOBKY MAJTb 32 JIOMIOMOTOFO IIEMEHTHO-TTIIAHOTO po3unHy Mapku M100.

2. BcranormroBanacs cuctema tpaBepc(3,5), HacTaBkH (2) Ta KUTbIEBI TMHaMoMeTpH (8).

3. IMigrsaryBamics cronopHi raiku (6) Ha ankepax (1).
4. Bcranosmoaics iporuHoMipu Aictosa (7).
5

. Bimmyckamics onopHi raiiku (4).



6. HarpiBaym nodeproBo ankepu (1), 70 94epBOHOIO KOJIBOPY, Ha JOBKHHY 10 250MM, B J1Ba
TIOCITIIOBHUX €TaIH 3 OJTHOYACHUM TIJIKPYIyBaHHSIM CTOIOPHUX Taliok(6).

7. Tlicnst oxomomxeHHst aHkepiB (1) mpuBaproBammch MeTaneBi IwiacTiHU (9) 1O CTIHOK
3aKyaHUX T3 (10). (T1acTHHU PO3MICTIIIA HABKOJIO TIaJll HABXPECT — 10 YOTUPH TUTACTHHU Ha OJTHY
TIAJTIO).

8. ITicnst 3BaproBaHHsI BCIX MATh 3 TUIH3aMK OYJT0 3HSTO CTOIOPHI TaliKH, ICMOHTOBAHO CHJIOBHIA
CTEHJI Ta 3a0€TOHOBAHO MPOCTIP MK MAJICIO Ta TLIB30K0.

3arafbHUK BTV CHJIOBOTO CTEHAY JUI JIOCHDKCHHS Majdb B TPOIECI 1X JIONABIOBAHHS

MPEJICTABIICHO Ha PHC.H.

0)

Puc .6 Burisin cunmoBoro cTeHty J1st JOCIIPKSHHSI ITaJTh B TIPOIIEC] iX J0/IABTFOBAHHS:

a) 3araJIbHUI BUTTIST; 0) HArPiBAHHS aHKEPIB Ta30BUM MTAJILHIKOM.

Pesynbratn BumpoOyBaHb TIpeicTaBiIeHI y BHIVIII rpadikiB 3aJeKHOCTI «HABAaHTAKEHHS -

OCITaHHsDy IS TPy AoCiaHuX nasib. Ha rpadikax BimoOpaykeHO ycepeaHeHi 3Ha4YeHHsI TIO JTOCITTHUAX



Nasix y KOKHOI TpymH, puc. /. KoxkeH rpadik CKIamaeTbesi 3 BOX MPSIMHUX, sIKI BIIOOPKAIOTH
OCIJTaHHSI TTAJTh TIiJT 9ac IBOX €TaITiB HarpiBaHHS aHKEPIB.
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Puc .7 6 Jliarpama ocifgaHb JOCTITHHX HalTb.

Pesynbratn mogani Ha rpadikax MOKa3yrOTh, IO JIONATKOBE YCEPETHEHE OCIIaHHSI Talb CKIIAJIO
Bin 0,5 mo 2,0 MM, pote B 8% maib CrIOCTEpIravich TpaHWYHI 3Ha4YeHHs Bim 5 10 9.1 MM mpu
3ycwuisix pofasmoBaHHs 40...70 kH, mo ckmamamm no 40% Bi po3paxyHKOBOI HECYUOl 34aTHOCTI
naik piBHik 179 kH, Ta 10 32% Bix ekcriepruMeHTaIbHOT Hecy4oi 31aTHOCTI naith piBHIM 225 kH. Taki
pe3yJbTaTH MiATBEPDKYIOTH HEOOXITHICTh JOMABMIOBAHHSA Talb Tepel] 1X 3aKpIUICHHSIM JI0

(byHIaMEHTHOI POCTBEPKOBOT ILTHTH.

BucHoBku:

1. B pesynbrari BHKOHAHOTO JIOJABIFOBAHHS TPYOOOCTOHHMX MIKPOMAdb IICIS TXHBOTO
«BIIMOYMHKY» OlTblle 1-ro Micsls y BKa3aHUX IHKEHEPHO-TEOJIOTYHMX YMOBAX BCTAHOBJIEHO, IO
TICIIS IPUKJIaZaHHs JI0 Malb 3yCUIUTs, sike ckianamu 18..36% Bl po3paxyHKOBOIO HABAHTKEHHS HA
NI, JOATKOBI cepeiHi ocimanHa Oymu B Mexkax Bim 0,5mMm o 5.3mm, mpore y 8% mnamb
CIIOCTEPITATNCH OCAIKU OJM3bKI 0 TPaHIYHUX Bif 5,5 110 9.1 M.

2. -BuKoHaHI JOCITIPKEHHS MITBEPMIA HEOOXITHICTh BUKOHAHHS JIOIATKOBOT'O JIO/IABITFOBAHHS
najb TMICHA X «BIIMOYMHKY» TIEpes] X BKIFOUEHHSIM B CyMICHY POOOTY 3 TTOCHIFOBAHOIO OY/TiBIICIO

4yepe3 MOHOJITHY 3aJTi300€TOHHY POCTBEPKOBY IUTUTY, 110 OUTHIII PIBHOMIPHO BKITFOYUTH POCTBEPK B



po0OTy 1 CYTTEBO 3MEHIIMTH MOXKIMBICTh YTBOPEHHS JIOJATKOBHUX TPIIIMH B OY/IIBII 3pa3y Micis il

BBEJICHHSI B €KCILTyaTaIliro.
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Translation of the Title, Abstract and References to the Author’s Language

YK 624.154
Jdemuuna b., Kynaneus IO. BkiioyeHHsi Tpy0OOOeTOHHMX MiKpoONajb B CYMICHY
podoTy 3 (pyHIAMEHTHOI IUVIUTOI0 NPH MiICKHJICHHI iCHYI0YO0I criopyau

AHoTanis. 3MmirtHeHHS QyHIAMEHTY € OTHAM 3 OCHOBOTIOJIOKHHUX €TaIliB PEKOHCTPYKIIii a00 pecraBpariii
Oynisimi. Jledhopmariii KOHCTpYKIii, 30KpeMa (yHIAMEHTY, BiZOyBalOThCSA B HPOIECi TPUBAIOI EKCILIyaTamii
Oyxiens i cnopyn. OCHOBHUMH TIpOIIECaMH, IO BIUIMBAIOTh Ha PyHHYBaHHSA, Ae(opMaliiio i ycaaKy OCHOB i
¢yamameHTiB OyniBenb, € 30UTBIICHHS HaBaHTA)XEHHS, PYHHYBaHHS KIAQJKW, 3HIDKEHHS TiPOi30IIOI0YNX
BJIACTUBOCTEH, TOTIpIOICHHS YMOB CTiHKOCTi (yHImamMeHTiB abo TpyHTIB y iX OCHOBI, 30iibIICHHS
neopmMaTuBHOCTI TPyHTIB, HENPUIyCTUME IepeMillleHHs KOoHcTpykuid. Hampuknan, nanOynosa 3
30UIBIICHHSAM HaBaHTa)KEHb Ha (YHIAMEHTH CYIPOBOJUKYETHCS BIJHOBJICHHSIM INPOLECY OCIOaHHS OymiBIIi.
Bbesniu OynuHKiB HanOyAOBYIOTH, 9acOM HEOJHOpa3oBo. B 3HauHii Mipi Ha aedopMaTHBHICTH (QyHAAMEHTY
BIUIMBa€E (Pi3MYHMI BIUIMB, TOOTO OyaiBeNbHI POOOTH, SIKI IPOBOISTHCS B MICTI - PO3BUTOK METPOIOJITEHY,
TpaMBalHUX LUISXIB, TPAC, IHKEHEPHUX CHCTEM, SIKI HA/IAl0Th AMHAMIYHUI BIUIMB HA QyHIaMEHT 330BHi.

Jns BupimeHHS IMX HPOOJEeM YacTo 3aCTOCOBYIOTH METOJ IIJICHICHHS (YyHIaMEHTIB 3 JONOMOIO0
0araToceKLiHHUX BIABIIOBAHKX aJlb T MOHOJITHOT 3113006 TOHHOT TUTUTH, SIKa 3’ €THIOEThCA 3 QyHAAMEHTaMU
criopyau. JJaHuit MeTox € JOCUTh MOLINPEHUM, OCOOINBO KO € CKIIAJHI yMOBHU Ta OOMEXCHHUH JOCTYIL.



Byno Bukonano mincunenHs QyHaaMeHTiB icHyrowoi OyniBimi ropuauuHoro ¢axyiasrery JIHY im.
IB.®panka no Byin. CivoBux Ctpinbliis,14 y M.JIbBOBI 3 BUKOPUCTAHHSM BAABIIOBAHUX Naib. [JIs MiIBUIIEHHS
e(eKTHBHOCTI HOBUX (YHAAMEHTIB, Ml BKIOYAJIH B POOOTY.

CKIIaiHICTh TOJATAE B TOMY, IIO MIACHWICHI Ta iCHYIOUi (yHAaMEHTH TNPAIOIOTh B Pi3HUX yMOBax i
noTpibHO mO06 IX ocamky B MpoIeci ekciuryaTanii Oynu ogHakoBuMH. Ofpa3y micis BUKOHAHHS IIiICHICHHS,
masi HEeoOXiOHO BKIIOYUTH B CYMICHY poOOTy i3 3alli300€TOHHOI ()yHIAMEHTHOI IUIUTOI0 JUI CHUTBHOL
poboTu OymiBii i3 TPYHTOM OCHOBH (DyHIAMEHTIB, a HE Yepe3 AeKUTbKa POKiB CaMOCTIHHOTO OCiTaHHS CIIOPYIH
Ta MIPUBaHTa)XEHHS HEIO Majb MiACHICHHS.

B naniii crarti onmcaHo cnoci0 Ta METONUKY BHKOHAHHS JIOJATKOBOTO BKJIIOUEHHS TPYOOOETOHHHX
MiKpomnaib B CIUIbHY pOoOOTY i3 pOCTBEpKOBOIO (DyHJAMEHTHOIO IUTUTOIO, IIO Jajio 3MOTY CYTTEBO 3MEHIIUTH
PO3BHTOK TPIIIMHOYTBOPEHb Ta OCiJIaHb Oy IiBJIi MiciIs BBEICHHS 11 B €KCIUTyaTallito.

KorouoBi cjioBa. nijcuineHHs; Mikponasi; BIaBIIOBaHH; PEKOHCTPYKILis; PyHIaMEHTH.
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