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benikosa C. 1. 3akOHOMIPHOCTI Hampy>KeHO-Ie(HOPMOBAHOTO  CTaHy

OaratomapoBOoro  KpilIeHHS  MOXWMJMX  TYHENiB, II0  CIOPYIXKYIOTHCS
HOBOABCTpiiickkuM crocoboM. — KgamidikamiiiHa HaykoBa mpais Ha MpaBax
PYKOIHUCY.

Hucepraltiss Ha 3100yTTS HAyKOBOTO CTymeHs jAokTopa ¢urocodii 3a
cuemianpHicTIO 192 — ByniBHUNTBO Ta I[MBUIbHA 1HXKEHeEpis. — YKpaiHChKUN

Jep KaBHUM YHIBEPCUTET HAyKH 1 TexHoJoriH, JHinpo, 2024.

Hucepraiiisi npucBsiYeHa po3poOIl HAYKOBOI 11€i OOIPYHTYBaHHS HAINPYKEHO-
neOpMOBAHOTO CTaHy MOXMJIOT BUPOOKH, MPEJCTaBICHOI B JAMCEpTalliifHiii poOOTI
€CKaJIaTOPHUM TYHEJIEM METPOIOIITEHYy, M0 CIOPYIKYEThCSI HOBOABCTPIHCHKUM
cnocobom. Ilg imes OGa3yeTbcsi Ha BHU3HAYCHHI 3aKOHOMIPHOCTEW HaIpy>KEHb 1
nedopmarliii  6araTomapoBOro KpIIUICHHS, $SIKE CTBOPIOETbCS IMPU 3MIiHI BHJIIB
TUMYACOBOTO KPITUICHHS Ta Mij 4ac 3aCTOCYBaHHS JBOX PI13HUX THUIIIB JI0JATKOBOTO
3aKPITUICHHS] TPYHTIB — 3aMOPOXKYBaHHS 1 IeMeHTallli. AKTYaJbHICTh MPOBEIACHOTO
JOCIIIJKEHHSI O0O0yMOBJIEHa TMOTpPeO0I0 HAYKOBOrO OOIPYHTYBaHHS NapameTpiB
MOXUJIUX BUPOOOK (€CKaIaTOPHUX TYHENIB) Mij] yac OyIiBHUIITBA METPOIIOIITEHIB.

BusHaueHHsT 3aKOHOMIPHOCTEW Hampy>KeHO-1€(pOPMOBAHOIO CTaHY MOXUJIIO]
BUPOOKHU peai3yeThCs MIISAXOM aHANI3Y PEe3yNbTaTiB YUCEIbHOTO aHalli3y CTajli
OyIIBHUIITBA €CKAJIATOPHOTO TYHEJIO 13 3aCTOCYBAHHSIM PI3HUX THUIIIB TUMYAaCOBOIO
KPIIJIEHHSI B MPOLECI 3aMOPOKYBaHHS IPYHTIB a00 1emeHTanli MacuBy. OCHOBOIO
y3arajJbHEHHS! € 3aKOHOMIPHOCTI HampyXeHO-Ie(OpMOBAaHOTO CTaHy KOHCTPYKLIi
MOXHUJIOTO TYHEJNIO, a iX MOLIYK € METOI0 TMcepTaLiiHOT pOOOTH.

Just i JocsArHEHHsT B JUCEpPTALliHIA poOOTI MPOBEAEHO aHall3 CTaHy
JOCTIKEeHb, PO3TJSHYTO creuu@iky OyAiBHUITBA €CKaJaTOPHUX  TYHEIB
METPOTIONITeHYy B YKpaiHi Ta CBITI, a TaKOX OCOOJHMBOCTI aHAJTITUYHOTO,
EKCIIEPUMEHTAJILHOTO Ta YHUCEIBHOTO MIAXOAIB [0 TOIIYKY 3aKOHOMIPHOCTEU
HaIpy>KeHb Ta AedopMaIliil TOXUINX BUPOOOK.

Ha ocHOB1 pe3ynbTaTiB KpUTHYHOTO aHalizy OOpaHO YUCEIbHUN MIAXIJ SK



TaKuii, MO0 HAWOUIBII aJCKBATHWHA JJIS TONIYKY 3aKOHOMIPHOCTEHW HaIpyKEeHO-
nedopmoBaHoro crany. CtBopeHo 2D ckiHYeHHO-€IeMEHTHI MOJENI €CKaIaTOPHOTO
TYHENIO JJs YMOB JIHIMPOBCBKOTO METPOIONITEHY, KOXHa 3 SKHX J03BOJIMIIA
BapiloBaTW BHJAM THUMYACOBOTO KpIIJIEHHS (apKu, aHKepH, HaOpu3K-OeTOoH) Ta
BJIACTHBOCTI OTOUYIOYOTO MaCHUBY.

Ha ocHOBI CTBOpEHUX CKIHUEHHO-EJIEMEHTHUX MOJIEJIEN MIPOBENECHO YNCEIbHUN
aHaJli3 MOXUJIOI BUPOOKH, 3aKPIMJICHOI PI3HUMH BUAAMH TUMYAaCOBOTO KPIIUJICHHA. 3a
pe3yJibTaTaMu aHajli3y BIEpIIe OTPUMAHO 3aKOHOMIPHOCTI 3MIHU IEpeMilleHb Ta
CWJIOBHX (PAKTOPIB THUMYACOBOTO KPIIUIEHHS MOXWJIOi BUPOOKH, SIKI JOBOJATH, IO
BEJIMYMHU HOPMAJIbHUX CHJI Ha BCIX CTaJIAX MOTro poOOTH 3MEHUIYIOTHCS BiJ M’ STH
710 3aMKy B 2,35...5,35 pasiB, pa3oMm 3 TUM 3TMHAJIbHI MOMEHTH BiJl II'SITH JI0 3aMKY
30uTbIIyIOThCS Bi 2,4 no 11,3 pasiB, npuduoMy MEHIIE 3HAYEHHS XapaKTepHE MJIs
cTajli po3KpUTTS WWTPOocH. Lli 3aKOHOMIPHOCTI XapaKTEpU3YIOTh HAYKOBY HOBU3HY
JYcepTaliiHol poOOTH.

3a JI0NIOMOroI0 CTBOPEHUX CKIHYEHHO-EJIEMEHTHUX MOJEeJed Brepiie
MPOBEICHUI TOPIBHSJIBHUN aHai3 JBOX BaplaHTIB 3aKPIIUICHHS CIAOKUX TPYHTIB
(3aMOpoXyBaHHSI 1 LIEMEHTallll) 3 ypaxyBaHHAM CTaAIMHOCTI CHOPYKEHHS
KPIIUIEHHS TOXUJIOTO XOAY, KUl TOBIB 3MEHIIICHHS BEPTUKAJIbHUX MEPEMILICHb IS
BUIAJIKY IIEMEHTAIlli, TPU SIKOMY BEPTHUKAJIbHI MaKCUMaJbHI TIEPEMIIICHHS MEHIIIE B
6,36 pasiB y mepiuiid craaii po3podku Ta 5,67 pas3iB y Apyriil cTaaii Ha BIAMIHY BIJ
3aMOpokyBaHHs. OTpuUMaHI 3aKOHOMIPHOCTI TaKOX CKJIaJIal0Th HAYKOBY HOBHU3HY
JcepTaliitHol poOOTH.

B xoai reoae3anyHOro MOHITOPUHTY TMiJ 4Yac OyAIBHULTBA €CKalaTOPHOTO
TyHenmo  JIHIIpOBCHKOrO ~ METpOMNONITEHy  OyiaM  OTpUMaHi  pe3yibTaTu
MapKIIEHIepChbKUX BUIIPOOYyBaHb, 10 IpoaHaiizoBaHi. B po0OoTi HaBeaeHa
MpaKkTUYHA peam3allis TeOpeTUYHUX mo0ymoB. OmucaHi XapakTepHI pe3yIbTaTH
MPOBENICHHSI OypOBUOYXOBUX POOIT 1 3aCTOCYBAHHS XIMIYHOTO 3aKPIMJICHHS CIA0KHX
I'PYHTIB LIJIIXOM LIEMEHTAILIIi.

KirouoBi croBa: MOXWIMH TyHeNlb, €CKaJaTOPHUM TyHENIb METPOIOJITEHY,

HoBoaBcTpilickkuii  METOJ] CHOPYIKEHHS  TYyHENIB, THUMYacoBe  KpITUICHHS,



LEMEHTAIlsl, 3aMOPOXYBAaHHS TIPYHTIB, UHCEIbHHM aHami3, 3aKOHOMIPHOCTI

HaNpy>KeHO-1e()OpPMOBAHOTO CTaHY.
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ABSTRACT
Sofiia Bielikova Regularities of the stress-strain state of multilayer lining of
inclined tunnels constructed by the New Austrian tunneling method. — 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. — Ukrainian

State University of Science and Technologies, Dnipro, 2024.

The dissertation is dedicated to the development of a scientific idea of
substantiating the stress-strain state of an inclined excavation, represented in the
dissertation by an escalator tunnel of the metro, constructed by the New Austrian
tunneling method. This idea is based on determining the regularities of stresses and
deformations of multilayer lining, which is created when the types of temporary
lining are changed and during the application of two different types of additional
lining of soils — freezing and cementation. The relevance of the research is due to the
need for the scientific substantiation of the parameters of inclined excavation
(escalator tunnels) during the construction of metros.

Determining the regularities of the stress-strain state of an inclined excavation
is performed by analyzing the results of the numerical analysis of the stages of the
construction of the escalator tunnel with the use of various types of temporary linings
in the process of freezing the soil or cementing the massif. The basis of the
generalization is the regularities of the stress-strain state of the inclined tunnel
structure, and search for them is the goal of the dissertation work.

To achieve it, the dissertation analyzed the state of research, considered the
specifics of the construction of escalator tunnels of the metro in Ukraine and the
world, as well as the features of analytical, experimental and numerical approaches to
finding regularities of stresses and deformations of inclined excavations.

Based on the results of the critical analysis, the numerical approach was chosen
as the most adequate for finding regularities of the stress-strain state. 2D finite-

element models of the escalator tunnel were created for the conditions of the Dnipro



metro, each of which allowed varying the types of temporary lining (arches, anchors,
shotcrete) and the properties of the surrounding massif.

On the basis of the created finite-element models, a numerical analysis of the
inclined excavation fixed by various types of temporary lining was carried out. Based
on the results of the analysis, for the first time the regularities of changes in
displacements and force factors of temporary lining of an inclined excavation were
obtained, which prove that the values of normal forces at all stages of its operation
decrease from the heel to the lock by 2.35 ... 5.35 times, at the same time, bending
moments from heel to lock increase from 2.4 to 11.3 times, and a smaller value is
characteristic of the stage of opening of the strosse. These regularities characterize
the scientific novelty of the dissertation work.

With the help of the created finite element models, a comparative analysis of
two options for fixing weak soils (freezing and cementation) was carried out for the
first time, taking into account the phasing of the construction of the inclined passage,
which proved a decrease in vertical movements in the case of cementation, in which
the vertical maximum movements are 6.36 times less in the first stage of
development and 5.67 times in the second stage in contrast to freezing. The obtained
regularities also constitute the scientific novelty of the dissertation work.

In the course of geodetic monitoring during the construction of the escalator
tunnel of the Dnipro metro, the results of surveying tests were obtained and analyzed.
The work presents the practical implementation of theoretical constructions.
Characteristic results of drilling and blasting operations and the use of chemical

stabilization of weak soils by cementation are described.

Keywords: inclined tunnel, metro escalator tunnel, New Austrian tunneling
method, temporary lining, cementation, soil freezing, numerical analysis, patterns of

stress-strain state.



