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Jucepraliisi npucBsSYeHa po3poOlll HAyKOBOI 3ajadi MIACUICHHS OCHOB
UMBUIBHUX OyAiBens Mikponaisimu. Ha mpaktuii 3’4COBaHO, IO Mall AlaMETpOM
0,5...1,2 M ta nomxunow 6,0...12,0 M, cTBOpeHi Ha OCHOBI OypoiH’ekiiiiHOi (jet-
grouting) ado Oypo3mimryBaieHoi (drilling-mixing technology) texnosoriit, MOXyTh
OyTH BKOpPOYEHI 1 MEepeTBOpPEeHI Ha Mikponami (JoBxkuHa >6,0 M). OgHak mortemnep
BIJICYTHE Yy3arajJbHEHHs JOCBIJly 3aCTOCYBaHHS BKa3aHUX TEXHOJIOTIM CTBOpEHHS
MIKpomalib, a iX PO3paxyHOK MPOBOAMUTHCSA 3T1THO HOPMATHUBHOTO JOKYMEHTY, IO
perjiaMeHTye BU3HaUYEHHS MIIIHOCTI Ta CTIMKOCTI 3a0MBHUX 200 OypOHAOMBHUX IaJTb.

BupimieHHs HaykoBOi 3a/layl BHU3HAYEHHs IMAapaMETpiB CHUCTEMH «IPYHTOBA
OCHOBA, MIJICHJICHAa MIKPOTIAJIISIMI» B IUCEPTaIliiHIi poOOTI Oa3yeThCsi HA OTPUMAHHI
eJeMeHTIB. BianoBigHO, METO0 aucepTaliiHoi poOOTH € OOrpyHTYBaHHS Ha 0asi
OTPUMAaHUX PE3YJIbTATIB HAMPYKEHO-I(HOPMOBAHOTO CTaHY TTapaMeTPiB MIIHOCTI Ta
nedopMaTUBHOCTI OCHOB IMBUIBHUX OY/IBEIb MIPH 1X MIJCUIIEHH] MIKpONAISIMHU.

JUist nocsArTHEHHST METW B JMCepTaliiHId poOOTI BUKOHAHO MOPIBHSIBHUI
aHaJii3 OypoiH’eKIIItHOT Ta OypO3MIilITyBajJbHOI TEXHOJOTIH BIAIITYBaHHS MIKpOMAalb,
pe3yJbTaTH SIKOTO CTalld MIATPYHTSAM JOKa3y, 10 OOWJIBI TEXHOJOTii mij yac
HiACUJIEHHS cIa0KUX IPYHTOBUX OCHOB MAlOTh HalOUIbIY CTYIIHb MPOTHO30BaHOCTI
3MIHM HaMpy>KeHO-Ae(OPMOBAHOTO CTaHy CHUCTEMH «IPYHTOBAa OCHOBA, MiJCHJICHA
MIKpOTaJISIMI.

CTBOpEHO CKIHUEHHO-E€JIEMEHTHI Moiel (PyHAaMEHTY LMBUIbHOI CIIOPYAN ISt

MPOBEICHHS] OOIPYHTYBaHHS MapaMeTpiB MILHOCTI Ta Ae(POPMATUBHOCTI IPYHTOBOI



OCHOBH y HEIIJICUJICHOMY CTaH1 Ta MICJS MiJCUICHHS, IPUUOMY B SKOCTI €TaJOHHOTO
MPOBEJCHO AHANITUYHUN PO3PaxXyHOK HAMPYXKEHb Ta MEPEeMillleHb 32 HOPMAaTUBHUM
JIOKYMEHTOM.

Ha 06a31 cTBOpeHMX CKIHYEHHO-EIEMEHTHUX MOJEJEH BIepIIe OTPUMAHO
3aKOHOMIPHICTh BEPTUKAIBHUX TMEPEeMIIeHb MIKpomaal Big MOAYJIS MPY>KHOCTI
I'PYHTOBOI OCHOBH, SIKa € CTEICHEBOIO 3aJICKHICTIO BUIJISITY s=akE,” (cTymiHb
ampokcumartii R*=0,99), 1110 Hafa0Th 3MOTY MPOTHO3YBATH Je)OPMOBAHHIT CTAH I
JIOCTaTHHO MIMPOKOTO Jdiana3zoHy MOAYJS MPY>KHOCTI ci1abKoi I'PYHTOBOI OCHOBU
(E=5...20 MIla). OTpumani aBTOpOM 3aKOHOMIPHOCTI BU3HAYAIOTh HAYKOBY HOBH3HY
JUcepTaLiitHol poOOTH.

3a J0MOMOTOI0 PE3yNbTATIB MapaMEeTPUYHOTO YUCEIBHOTO aHaIi3y BUKOHAHO
OOTpYHTYBaHHSI HaNpPY>KEHO-Ie(POPMOBAHOTO CTaHy MIACWICHOI MIKpOMaIsIMU
OCHOBHM 3 YpaxyBaHHSM HOBOTO IJXOAYy 10 iX B3a€EMHOro BIUIMBY. OTpuMani
pe3yibTaTH JOBOJSATH, 1110, 0a3ylouuch Ha HOPMATUBHOMY JOKYMEHTI, SIKH
po3po0JieHO nJig 3a0uBHUX a00 OypOHAOUBHUX Mallb, HEMOXJIMBO €(PEKTUBHO
3MEHIIUTA BEPTUKAIbHI MEPEMIIICHHS MUIAXOM 30JMKEHHS MIKpOMajib, OCKIIbKU
BiJICTaHb MDK MikpormagsisMud B 3d Ui €JIEMEHTIB, IO CTBOpPEHI Ha OCHOBI
OypoiH’€eKIiiiHOT W Oypo3MilllyBadbHOI TEXHOJIOTIH, € MiHIMalbHOW0. Pe3ynbratu
TaKOX CBIT4YaTh, IO 3aCTOCYBAaHHS HaBITh TMOOAMHOKUX MIKPOIMAJib 3MEHIIYE
BepTUKaJIbHI nepemimenHss B 11,7...11,9 % (Mmikponanss 3 IPyHTOLEMEHTY) 1 B
18,1...18,5 % (mikpormass 3 apMOBaHOTO IPYHTOIIEMEHTY).

[IpoBeneHo exkcrnepuMEHTaldbHI  JOCHIIKEHHS MIIIHOCTI Ta  CTIMKOCTI
HEMIJCUJIEHOI Ta MiACWJICHOI MIKPOMAJIsMUA IPYHTOBOI OCHOBU B IIJIOCKOMY JIOTKY.
[IpoananizoBaHO pe3yJabTaTH MOJICITIOBAHHS, SKI JIOBOASTH TO3UTUBHHUI BILUIWB
nigcuiieHss (14,7 MM y miICWJICHIN MiKponayiero MoJesl Ha BiaMiHY Big 17,5 MM y
HEIJCUJICHI, TOOTO 3MEHIIICHHS BEPTUKAIBHUX mepeMiiieHs B 1,19 paszn).

[IpoBeneHO TOPIBHSUIBHUN aHaNI3 PE3yJbTATIB TEOPETUYHUX TMOOYIOB 3
pe3yJibTaTaMu €KCIEPUMEHTAIBHUX JOCIIKEHb, OTpUMaHa B HOT0 XOj1 moxuOka
3HaXOAWThCS B miama3oHi §8,29...8,69 %, 1o CBITYUTH TPO BUCOKUW CTYIIHD

JIOCTOBIPHOCTI TIPOBEACHOTO YHCEIBHOTO Ta EKCIEPUMEHTAIBHOTO JIOCIII>KEHHS



dbyHIaMeHTy UMBUIBHOI OyAiBII Ha HEMIACWICHIA Ta MIACUIEHINH MIKpOMaero
IPYHTOBII1 OCHOBI.
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ABSTRACT
Vitalii Kharchenko Justification of the parameters of strength and
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micropiles. — Qualifying scientific work on the rights of the manuscript.
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philosophy on a specialty 192 — Building Industry and Civil Engineering. — Ukrainian

State University of Science and Technologies, Dnipro, 2024.

The dissertation is dedicated to the development of the scientific problem of
civil buildings foundations strengthening with micropiles. In practice, it has been
found that piles with a diameter of 0.5 ... 1.2 m and a length of 6.0 ... 12.0 m,
created on the basis of jet-grouting or drilling-mixing technology, can be shortened
and transformed into micropiles (length >6.0 m). However, so far there is no
generalization of the experience of using the indicated technologies for creating
micropiles, and their calculation is carried out according to the regulatory document
that regulates the determination of the strength and stability of driven or bored piles.

The solution to the scientific problem of determining the parameters of the
"soil base reinforced with micropiles” system in the dissertation is based on the
author's obtaining the regularities of the stress-strain state during the interaction of its
elements. Accordingly, the aim of the dissertation is to substantiate based on the
obtained results the stress-strain state of strength and deformability parameters of
civil buildings’ foundations when they are reinforced with micropiles.

To achieve the goal, a comparative analysis of jet-grouting and drilling-mixing
technologies for the installation of micropiles was performed in the dissertation, the
results of which became the basis for proving that both technologies during the
strengthening of weak soil bases have the highest degree of predictability in the
stress-strain state changes of the "soil base reinforced with micropiles” system.

Finite-element models of the foundation of a civil structure were created to
justify the strength and deformability parameters of the soil base in the unreinforced

state and after reinforcement, and as a reference, analytical calculations of stresses



and displacements were carried out according to the regulatory document.

On the basis of the created finite-element models, for the first time, the
regularity of the vertical displacements of the micropile was obtained from the
modulus of elasticity of the soil base, which is a power dependence of the form
s=aE,® (degree of approximation R?=0.99), which makes it possible to predict the
deformed state for a sufficiently wide range of the modulus elasticity of a weak soil
base (E=5...20 MPa). The patterns obtained by the author determine the scientific
novelty of the dissertation.

On the basis of the parametric numerical analysis results, the substantiation of
the stress-strain state of the micropiles-reinforced foundation was made based on a
new approach to their mutual influence. The obtained results prove that, based on the
regulatory document that is developed for driven or bored piles, it is impossible to
effectively reduce vertical displacements by bringing micropiles closer, since the
distance between micropiles in 3d for elements created on the jet-grouting and
drilling-mixing technologies is minimal. The results also show that the use of even
single micropiles reduces vertical movements by 11.7 ... 11.9 % (soil cement
micropiles) and 18.1 ... 18.5 % (reinforced soil cement micropiles).

Experimental studies of the strength and stability of unreinforced and
micropiles-reinforced soil base in a flat tray were conducted. The simulation results
were analyzed, which prove the positive effect of reinforcement (14.7 mm in the
model reinforced with micropile, in contrast to 17.5 mm in the unreinforced one, i.e.,
a decrease in vertical displacement by 1.19 times).

A comparative analysis of the results of theoretical concepts with the results of
experimental studies was carried out, the error obtained in the course of it is in the
range of 8.29 ... 8.69 %, which indicates a high degree of reliability of the conducted
numerical and experimental research of a civil building foundation on unreinforced

and micropiles-reinforced soil foundation.

Keywords: micropile, soil base, strengthening, numerical analysis, strength,

deformability, stress-strain state, regularities



