AHOTAILISA
Mipownux  B. A. KepyBaHHi  HampyXeHO-I€(QOPMOBAaHUM CTaHOM
BEPTUKAJIBLHUX BHUPOOOK TMPH 3aCTOCYBaHHI PI3HUX BHUJIB KpIIUICHHSI. —
KBamidikariitHa HaykoBa Ipailsi Ha MpaBax PYKOIHCY.
Hucepraltiss Ha 3100yTTS HAyKOBOTO CTymeHs JokTopa ¢urocodii 3a
cnemiaipHicTIO 192 — DBymiBHUIITBO Ta IMBIIBHA 1HXKEHEpis. — JIHIMPOBCHKUIA

HAI[IOHAJTFHUIM YHIBEPCUTET 3aJli3HUYHOTO TpaHcnopty, Juinpo, 2021.

Hucepraiiss npucBigyeHa po3poOll HAYyKOBOI 171€i KepyBaHHS Hampy>KeHO-
ne(OpMOBaHUM CTAaHOM BEPTUKAJIBHOI BUPOOKHU, MPEACTABICHOI B POOOTI MAXTHUM
cTOBOYpOM MeTponoJiiTeHy. KepyBaHHSI KOHLIEITYaJIbHO PO3YMIETHCS SIK MOKJIUBICTD
MPOTHO3YBaHHS 3MIHM HamlpyXeHb 1 AepopMalliii CUCTEMU «TUMYACOBE KPIIJICHHS —
olmpaBa — OTOYYIOYMI MacuB» TPU 3MiHI BUAIB KpIMJIEHHSA. AKTYaJbHICTb
JOCIIJKEHb B Il 00JacTi OOyMOBJIEHa MOTPEeOOI0 HAYKOBOTO OOIPYHTYBaHHS
napaMeTpiB BEPTUKATBHUX BUPOOOK (IIAaXTHUX CTOBOYPIB) MpHU 301JIbIIEHHI OOCSTIB
M13eMHOTO OyIIBHUIITBA, 30KpeMa METpoIoiTeHiB B mictax [uinpi Ta Kuesi.

[Ipouiec kepyBaHHs HAPY EHO-1e(POPMOBAHOTO CTaHy BEPTUKAIbHOI BUPOOKHU
peai3yeThCs UISIXOM y3arajdbHEHHS Pe3yIbTaTiB YUCEIBLHOTO aHaJI3y PI3HUX CTaHIB
B MIPOIIEC] 3aMOPOXKYBaHHSI IPYHTIB 200 CTBOPEHHS OTOPO/KEHHS 3 OypOCIUYHUX IMaJIb
Ta 1X MOJANBIIOI €KCTPANoJsLii Ha Pi3HI BaplaHTU pOOOTH BEPTHUKAIBHOI BUPOOKH.
OCHOBOIO KEpyBaHHA € 3aKOHOMIPHOCTI Hampy»XeHO-1e(pOpPMOBAHOTO CTaHy
KOHCTPYKIIIi IIaXTHOTO CTOBOYPY, a iX MOIIYK € METOI JUCEPTAIIMHOI pOOOTH.

Jns 11 JgocsirTHEHHsT B JAUCEpTallliiHI poOOTI MPOBENEHO aHalli3 CTaHy
JOCITIJIKEHb, PO3TIIAHYTO crenudiky OyIIBHUIITBA METPOMOJITEHIB B YKpaiHi Ta
OCOOJIMBOCTI AHAJITUYHOTO, EKCIIEPUMEHTAJIBHOTO Ta YHCENIBHOTO MIAXOIIB M0
MOIITYKY 3aKOHOMIPHOCTEHN Hampy»XeHb Ta JAeGpopMalliil BEpTUKATHBHIUX BUPOOOK.

Ha ocHOBi pe3ynbTaTiB KpUTUYHOTO aHaNli3y OOpaHO YMCENbHUW MiIXiA SK
Takuh, 110 HAWOLIBII aJeKBaTHUW ISl TOUIYKY 3aKOHOMIPHOCTEH HaIlpy>KeHO-
nedopmoBaHoro crany. CTBOpEHO CKIHUYEHHO-CJIEMEHTHI MOJENl  IaXTHUX

CTOBOYPIB, III0 CIOPY/IKYIOThCS M1 yac OyaiBHUITBA [[HinmpoBchkoro Ta KuiBchkoro
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METPOMOJITEHIB, KO’KHA 3 SIKUX JT0O3BOJIMJIA BapilOBaTH BUIM OINpaBH (3a/11300€TOHHI
O70KH, TIOOIHTH 3 CIPOrO YaBYHY Ta TIOOIHTH 3 MOJU(IKOBAHOTO CIpOTO YaBYHY),
niaMeTp OypOCIUYHMX IMajib Ta BIIACTUBOCTI IPYHTY MPH PI3HUX TeMIIepaTypax.

Ha ocHOBI CTBOpEHUX CKIHUEHHO-ETIEMEHTHUX MO/IEIEeH MPOBEICHO YUCEIbHUN
aHaJi3 IMIAaXTHOTO CTOBOYpY, 3aKpiIUICHOTO OYypOCIYHMMH TajsIMH 13 Bapialli€ro ix
IiaMeTpy. 3a pe3ysibTaTaMH aHali3y BIEpIle OTPUMAHO 3aKOHOMIPHOCTI NIEPEMIIICHb
Ta cuiIoBHX (DaKTOpIiB i3 BHCOKMM piBHeM ampoxcumarii (R?=0,992...0,999), sxi €
MOJIIHOMAaMH JAPYTOro MOPSIKY, OKPIM 3aKOHOMIPHOCTI 3THHAJIBHUX MOMEHTIB IO OCl
X, mo € miHidHOK0. LI 3aKOHOMIPHOCTI XapaKTepU3ylOThb HAYKOBY HOBH3HY
JUCePTaLiitHOT poOOTH.

B xoni reoge3nyHOro MOHITOPHUHTY TIiJi 4Yac OyAIBHUIITBA BEPTUKAIBHUX
BUPOOOK /IHIPOBCBKOrO METPOMOJNITEHY OyJlIM BHUMIPSIHI TOPU30HTANbHI Ta
BepTUKANIbHI Aedopmarlii onpaBu ctoBOypa No 16-0ic, 3HaYeHHS SKHX JOCATAIH
1...2 mM. [TopiBHSIHHS IIUX JAHUX CBIAYWTH MPO CHIBIAIIHHA 13 TOPU30HTAIBHUMU
nedopMariisiMi, OTpUMaHUMH B XOJ1 YHCENBHOTO aHamizy croBOypa Ne 16-6ic, B
sKoMy nedopmariii ckiiamamTh 1...2 MM, 13 MakCUMaJdbHUM 3HA4YeHHSM 2,57 MM B
o0nacTi 7-9 3a11300€TOHHUX MOSICIB OMPABH IIAXTHOTO CTOBOYpY.

3a JI0TIOMOTOI0 CTBOPEHUX CKIHUYCHHO-EJIEMEHTHUX MOJIeNiel  BHepiie
OTPUMAHO 3aKOHOMIPHOCTI KOMITOHEHT HAINpPY>KEHOTO CTaHy BiJ MOAYJS MPY>KHOCTI
3aMOpPOKEHOTO TPYHTY Ta MOIYJISA MPYKHOCTI OMpaBU IIAXTHOTO CTOBOypy, IIO €
TOJIHOMAMH JIPYTOro CTYIICHS i3 BUCOKHM piBHeM ampokcumaii (R°=0,964...0,999).
OTpuMaHi 3aKOHOMIPHOCTI CKJIaJal0Th HAyKOBY HOBHU3HY JAMCEPTaIIiHOI pOOOTH.
[ToOyn0oBaHO MPOCTOPOBI MOBEPXHI, SIKI, IPU PIIICHHI MPAMOi a00 3BOPOTHOI 3a]ady,
JI03BOJISIIOTh KEPyBaTH HampyKeHO-1e(OpPMOBAaHUM CTaHOM OINPaBH BEPTUKAIHHOI
BUPOOKHU, 1110 CKJIAJa€ MPAKTUYHE 3HAYEHHSA UCEPTAIIiHOT pOOOTH.

B xoai unMcenbHOro aHamizy OTPUMaHO 3aKOHOMIPHOCTI HANpy>KEHOTO CTaHy
BEPTUKAJILHOI BHUPOOKM TPHU TMOPYHICHHI TEXHOJIOTI 3aMOpPOXKYBaHHSI TPYHTY, SKi
CBIIYaTh, LIO0 MPOLECH HEPIBHOMIPHOTO 3aMOpPOXKYBaHHS a00 pO3MOPOKYBaHHS
30UTBIITYIOTh HAaMpy>XKeHHs B ompasi B 1,1...1,5 pa3u, ToMy ix ciig BpaxoByBaTu MpH

MPOEKTYBAHHI BEPTUKAIBHUX BUPOOOK.
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ABSTRACT
Vitalii Miroshnyk Controlling of stress-strain state of vertical excavations using
different types of lining. — Qualifying scientific work on the rights of the manuscript.
The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 192 — Building Industry and Civil Engineering. — Dnipro
National University of Railway Transport named after academician V. Lazaryan,
Dnipro, 2021.

The dissertation is devoted to the development of the scientific idea of
controlling the stress-strain state of vertical excavation (hoisting shaft). Controlling is
conceptually understood as the ability to predict changes in stresses and strains of the
system "temporary fastening — lining — the surrounding array" when changing the
types of lining. The relevance of research in this area is justified by the need for
scientific substantiation of the parameters of construction of vertical excavations
(hoisting shaft) with increasing volumes of underground construction, including
metro in the Dnipro and Kyiv.

The process of controlling the stress-strain state of vertical excavation is
realized by generalizing the results of numerical analysis of different states in the
process of soil freezing or creating a construction of bored secant piles and their
subsequent extrapolation to different variants of vertical excavation. The basis of
controlling is the regularities of the stress-strain state of the hoisting shaft structure,
and the search for them is the purpose of the dissertation.

To achieve this, the dissertation analyzes the state of research, considers the
specifics of the construction of metro in Ukraine and the features of analytical,
experimental and numerical approaches to finding regularities of stresses and strains
of vertical excavations.

Based on the results of critical analysis, the numerical approach was chosen as
the one that is most adequate for finding the regularities of the stress-strain state.
Finite-element models of hoisting shafts being constructed during the construction of

the Dnipro and Kyiv metro were created, each allowing to vary the types of linings
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(reinforced concrete blocks, tubes made of gray cast iron and tubes made of modified
gray cast iron), diameter of bored secant piles and different temperature properties.

On the basis of the created finite-element models the numerical analysis of the
mine shaft fixed by bored secant piles with variation of their diameter was carried
out. According to the results of the analysis, for the first time regularities of
displacements and force factors with a high level of approximation (R? = 0.992 ...
0.999) are obtained, which are second-order polynomials, except for the regularity of
bending moments along the X axis, which is linear. These regularities characterize
the scientific novelty of the dissertation.

During geodetic monitoring of the vertical excavations construction of the
Dnipro metro horizontal and vertical deformations of the lining of hoisting shaft 16-
bis were measured, the values of which reached 1 ... 2 mm. Comparison of these data
indicates a match with the horizontal deformations obtained during the numerical
analysis of the hoisting shaft Ne 16-bis, in which the deformations are 1...2 mm, with
a maximum value of 2.57 mm in the area of reinforced concrete belts No 7-9.

Using the created finite element models, for the first time the regularities of the
stress state components from the modulus of elasticity of frozen soil and the modulus
of elasticity of the lining of hoisting shaft were obtained, which are polynomials of
the second degree with a high level of approximation (R* = 0.964 ... 0.999). The
obtained regularities constitute the scientific novelty of the dissertation. Spatial
surfaces are constructed, which, when solving direct or inverse problems, allow to
control the stress-strain state of the lining of vertical excavation, which is the
practical significance of the dissertation.

During numerical analysis, the regularities of the stress state of vertical
excavation in violation of soil freezing technology are obtained, which show that the
processes of uneven freezing or thawing increase the stress in the lining by 1.1 ... 1.5
times, so they should be considered when designing vertical excavations.

Keywords: vertical excavation, hoisting shaft, stress-strain state, regularities,

controlling, soil freezing, bored secant piles, numerical analysis.



