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KpiIJIeHHS

2. Controlling of stress-strain state of vertical excavations using different types of lining

Pedepar:

1. Inceprarnis npucBsyeHa po3pob1ii HayKoBOi ifiei kepyBaHHS HalIPy>XeHO-1e(POPMOBAaHUM CTAaHOM BE€PTHKAJIbHOI
BHMPOOKU, IPEACTABIEHO] B POOOTI LIaXTHUM CTOBOYPOM METPOIOJIiTeHY. KepyBaHHS KOHLENTYaJIbHO PO3yMi€TbCs
SIK MOJKJIMBICTb IIPOTHO3YBaHHS 3MiHU HaNpy>keHb i fedopMaliiil CUCTEMU «TMYacOBe KPilJIeHHs — OIpaBa —
OTOYYIOUMI MACUB» IIPU 3MiHi BUIiB KpilyIeHHs. AKTyaJIbHICTb JOCiIKeHb B L1iil 0671aCTi 06yMOBJIeHa TOTPE6OI0
HAyKOBOTO OOI'PYHTYBaHHS IapaMeTpPiB BEPTUKAIbHUX BUPOOOK (IaXTHUX CTOBOYPIB) IpU 36i/1bLIEHH] 0OCATiB
nigzeMHoro O6yniBHMLITBA, 30KpeMa METPOIOoJIiTeHiB B MicTax JHinpi Ta Kuesi. [Ipoiec kepyBaHHS HallpyKeHO~

IepOpMOBAHOTO CTaHy BEPTUKAJIbHOI BUPOOKY Peasli3yeThCsl LIJISIXOM y3arajbHEeHHS pe3yJbTaTiB YiCebHOI0



aHasi3y pi3HUX CTaHIB B IIPOLECi 3aMOPO>KYBAaHHS I'PYHTIB 200 CTBOPEHHSI OTOPOPKEHHSI 3 OypOCIUHMX MaJlb Ta iX
[10/1AJ/IbIIOI eKCTPaMoJIsiLii Ha Pi3Hi BapiaHT po60TU BepTHUKaIbHOI BUPOOKU. OCHOBOIO KEPYBaHHS €
3aKOHOMIPHOCTI HanIpy>keHO-71e(POPMOBAHOTO CTaHy KOHCTPYKIi IaXTHOrO CTOBOYPY, a iX MOIIYK € METOIO
IycepTauiiHoi po6oTu. 1714 ii JOCSTHeHHS B [ucepTaliiiHiil pob0Ti IPOBELEHO aHAi3 CTaHy JOCJIiIKEHb,
pO3IISIHYTO crienudiky 6yAiBHUIITBA METPOIIOJIITEHIB B YKpaiHi Ta 0CO6IMBOCTI aHaIITUYHOTO,
€KCIIEPMMEHTAJIbHOI'O Ta YMCEJILHOTO MiIX0iB 10 MOUIYKY 3aKOHOMIpHOCTE! HanpyXeHb Ta Jedopmaliiii
BEPTUKAIbHUX BUPOOOK. Ha OCHOBI pe3y/ibTaTiB KpUTUYHOTO aHajlizy 06paHO YMCENbHUM MifXif SK TaKUH, 1o
HaUOiIbII aleKBaTHUI 1151 [IOIIYKY 3aKOHOMiIPHOCTEH HaIpy>XKeHO-Ae(OPMOBAHOro cTaHy. CTBOPEHO CKiHY€HHO-
eJIeMEeHTHi MoJieJli aXTHUX CTOBOYPIB, 110 CIIOPYIKYIOThCS Mif 9ac 6yniBHULTBA JHIIpOBChKOro Ta KuiBcbkoro
METPOIIOJITEeHIB, KO>KHA 3 SIKMX I03BOJIMJIA BapiloBaTU BUAU OIIPaBU (3a1i300€TOHHI 0JI0KH, TIOOIHTU 3 CipOTO YaByHY
Ta TIOOIHTY 3 MOAM(IKOBAHOrO CipOro 4aByHY), fiameTp 6YPOCIUHUX Majib Ta BJIACTUBOCTI IPYHTY IPU Pi3HUX
TemIieparypax. Ha OCHOBiI CTBOpEHUX CKIHUEHHO-EJIEMEHTHUX MOJIEJIEN IIPOBELEHO YUCEJIbHUM aHAJII3 MAXTHOTO
CTOBOYpY, 3aKpiIlJIeHOro 6YpOCiuHMMU MasiIMHU i3 Bapialjielo ix niameTpy. 3a pe3ysbTaTamMu aHaslidy Blieplie
OTPUMAaHO 3aKOHOMIPHOCTI IIEpEMillleHb Ta CUJIOBUX (PAKTOPIB i3 BUCOKMM piBHEM anpokcumatii (R2=0,992...0,999),
SKi € MOJIIHOMaMU PYroro MopsaKy, OKpPiM 3aKOHOMIPHOCTI 3rMHaJIbHUX MOMEHTIB 110 Oci X, 1m0 € JiHiiHoIo. 11i
3aKOHOMIPHOCTI XapaKTepu3yIOTh HAyKOBY HOBU3HY AucepTaLiliHOI poO0TH. B X01i reofie3M4HOro MOHITOPUHLY IIif,
yac 6yZiBHUITBA BEPTUKAJIbHMX BUPOOOK [IHIIPOBCHKOIO METPOINOJIiTEHY OyJIU BUMipSIHi TOPU30HTaIbHI Ta
BEpPTHKAIBbHI Aedopmalii oripaBu cToBOypa N2 16-6ic, 3HaueHHS SIKUX Jocsarany 1...2 mm. [TopiBHSIHHS LUX JAaHWX
CBiIYMTDb IIPO CHIBNAiHHA i3 FOPU3OHTAIBHUMU AedOpMalliiMU, OTPUMAHUMU B XO/Ii YUMCEJIbHOTO aHalli3y CTOBOYypa
N¢ 16-6ic, B sskomy nedopmaliii cknanaiots 1...2 MM, i3 MaKCMMaJbHUM 3Ha4eHHSIM 2,57 MM B o671acTi 7-9
3aJ1i306€TOHHMX IIOSICIB ONPaBU MAXTHOIO CTOBOYPY. 3a JONOMOIOI0 CTBOPEHUX CKiIHYEHHO-EJIEMEHTHUX MOiesIel
BIIE€pLIE OTPMMAHO 3aKOHOMIPHOCTI KOMIIOHEHT HAIIPY’KE€HOT0O CTaHy Bill MOZAYJISI IPY>KHOCTI 3aMOPOKEHOT0 I'PYHTY
Ta MOJYJISI IIPY>KHOCTI OIIPaBy IAXTHOTO CTOBOYPY, IO € [I0JIIHOMaMu APYroro CTyIIeHs i3 BUCOKMM piBHEM
anpokcumatii (R2=0,964...0,999). Otpumani 3aKOHOMIPHOCTI CKJ1a4al0Th HAyKOBY HOBU3HY AMCEPTALiliHOI pOOOTHU.
[To6ymoBaHO IPOCTOPOBI IOBEPXHI, SIKi, IPU pillleHH] NpsIMOi a0 3BOPOTHOI 3aa4, JO3BOJISIIOTh KEPYBaTH
HaIpy>KeHO-1e(POPMOBAHMM CTAaHOM OIIPaBU BEPTUKAJIbHOI BUPOOKY, 110 CKJIa/la€ MPAKTUYHE 3HAYE€HHS
IycepTauiiHoi poboTH. B Xozi 4ncesbHOro aHai3y OTPMMaHO 32aKOHOMIPHOCTI HaIllpy>KeHOT0 CTaHy BEPTHUKaJIbHOI
BHMPOOKU PV NIOPYLIEHHI TEXHOJIOTii 3aMOPO>XKyBaHHSI I'PYHTY, SKi CBi4aTh, 10 MPOL,ECH HEPIBHOMIPHOTO
3aMOPO>KYBaHHS 260 PO3MOPO>KYBAHHSI 301/IbIIYIOTh HAIIPY>KEHHsI B ompasi B 1,1...1,5 pa3u, Tomy ix iz BpaxoByBaTu

IIPY IPOEKTYBaHHI BEPTUKAJIbHUX BUPOOOK.

2. 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
(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 (R2 = 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 N2 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 (R2 = 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.
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