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Hucepraiiss mpucBsiYeHa po3poOIl HAyKOBOiI 1]1€i MapaMEeTPUYHOr0 aHami3y
HampyXeHb Ta jAedopmMaliil He3akpiluieHoi abo 3aKpiIeHOI TOpU30HTAILHOT
BUPOOKH, 1110 B3a€EMOJIIE€ 3 MIApyBaTUM MacuBOM. KoHIleNTyanbHO MapaMeTpUdHHMA
aHaii3 0a3yeTbCsd HA MAaTEMAaTUYHOMY MOJIEIIOBaHHI HA OCHOBI METOJY CKIHYEHHUX
€JIEMEHTIB. 3a JOMOMOIOI0 AaBTOPCHKUX QJITOPUTMIB PIIICHHS IILOTO METOIY,
OTpUMaHe JUIsi KOHKPETHOTO PO3PaXyHKOBOT'O BHUMAJAKY, €KCTPAIOJIIOEThCS HA 1HIII
pPO3paxyHKOBI BUMAIKH.

AKTyaJbHICTh JTOCHIPKEHb BHU3HAYEHHS HaIPY>KEHO-Ie(OPMOBAHOTO CTaHY
TrOPU30HTAIBLHOT BUPOOKM, 110 B3a€EMOJIIE€ 13 IIApyBaTUM MAaCHBOM, OOYMOBJICHA
HASIBHICTIO TIPOOJIEM MiJl Yac CHOPYJ/KEHHS MEPEriHHUX TYHEIIB MUISXOM HIUTOBOI
MPOXOJIKK, 30KpeMa MeTpornoniteny B Micti KueBi. BmmuB mapyBaTocti s
KHiBCEKOTO METPOTONITEHY MOXHA BH3HAYUTH SK HETaTUBHWHM, OCKIiJIBKH
KOHCTPYKIliSl TEPEriHHOTO TYyHENI0, IO B3aEMOJIE 3 IIApyBaTUM MAaCHUBOM,
neopMyeThCS HEOTHOPIAHO.

OCHOBOIO MapaMETPUIHOTO aHAJI3Y € Te, 10 HANPYKeHO-AePOPMOBAHHI CTaH
Ha KOJIOBI TOPU3OHTAIBHIN BHUPOOIN 13 OJWHUYHUM paJiycoOM 3a JOMOMOTOIO
scaling-napametpiB (scaling — wacmTaOyBaHHsS) MOXHa EKCTParoOBaTH Ha
BUPOOKH  Oymb-akoro  pazmiycy. Po3poOka  TeopeTHKO-pakTUYHUX  OCHOB
MapaMeTpUYHOTO aHaI3y HaMpyKeHO-Ie(POPMOBAHOTO CTaHy TOPU3OHTAIBHOI
BUPOOKHU, 1110 B3AEMOJIIE 13 IAPYBATHUM MAacHUBOM, € METOIO TUCEPTAIIiHOI pOoOOTH.

JIist  MOCATHEHHST METH TPOBEJACHO aHali3 CTaHy NUTaHHS BHU3HAYCHHS

HaIpy>XeHO-1e(pOPMOBAHOTO CTaHy CUCTEMH «TOPU30HTAJIbHA BUPOOKA — IIapyBaTHI



MacuB», a TaKOX METOAOJOTIYHMX MIAXOMIB JI0 IIAapyBAaTOCTI TIPCHKOTO MacHUBY,
0cnabJIeHOT0 TOPU30OHTAIEHOIO BUPOOKOIO.

BucHOBKM aHamizy NIATBEP/UKYIOTh, IO MaTeMaTUYHE MOJECIIOBAHHS Ha
OCHOB1 METOJIy CKIHUYCHHHUX C€JICMEHTIB JJO3BOJISI€E BUKOHATH BC1 3aBJIaHHS JAUCEPTAIIii.
CTBOpPEHO CKIHUYEHHO-E€JIEMEHTHI MOJIEJl CUCTEMH «TOPU30HTalbHA BHUpPOOKAa —
MOPOJIHUM MacHB», sIKi JIO3BOJISIIOTH Bapiallilo pajiycy BUPOOKH Ta JaedopMaiiitHux
BJIACTUBOCTEH IIapyBaTOTO MacuBy. Takok mMOOyIOBaHO CKiHUCHHO-CIEMEHTHI
MOJIeN1 3 OIMHUYHUMH [TapaMeTpaMHu, SIK1 € IEPBUHHUMH ISl TOJAJIBLIOTO CKEHIIIHTY
(MaciTaOyBaHHS ).

3a IOMOMOTOI0 CTBOPEHUX CKIHYEHHO-EIEMEHTHUX MOJENield BU3HAYEHO, IO
OiJ 4yac CKEMJIIHIY CUCTEMH «TOpPHU30HTalbHa BHpOOKa — IAPYBATUH MacuB» 3
OJIMHUYHUM T€OMETPUYHUM napameTpoM (paxaiyc BuUpoOku R=1) cuig 30u1bmIKATH
HATIPYXXCHHS B N pa3iB, a mepeMilieH s B N°, I¢ N — BiJHOIICHHS paiyciB peanbHOi
CUCTEMU Ta CHUCTEMHU 3 OJJMHUYHHUM FeOMETpUYHUM HapamerpoM. [licis uporo ciin
3aCTOCYBaTH OTPHMaH1 aBTOPCHKI 3aKOHOMIPHOCTI ISl XapaKTEPHUX TOYOK BUPOOKH,
100 BU3HAYUTHU HAIPY>KEHO-AC(POPMOBAHUM CTaH HAa OOpUCI BUPOOKH JUISl 1HIIUX
3HAYEHb BITHOUIEHHS MOAYIIB MPY>KHOCTI MaTpPHIIi 1 Iapy.

HaykoBa HOBHW3HA moJjisirae B TOMY, IO BHEpIIe 3 KOEQIIIEHTOM KOPEsIii
R°=0,97...0,99 OTpUMaHO 3aKOHOMIPHOCTi HANpPYXCHb HA KOHTYpi HE3aKpiILICHOI
BUPOOKM B IIapyBaTOMY MACHBI, fKI JUIsl TpPbOX XapaKTEPHUX TOYOK €
jgorapuMiyHUMHU, a JJI1 JBOX TOYOK MAIOTh JiHIMHUN Xapaktep. JloBeneHo, 1o
3HAUEHHS MEpPEMIIEHb PeajbHOI 3aKpIMJIEHOI BUPOOKM Ha BIAMIHY BiJ BUPOOKHU 3
OJIMHUYHUM T€OMETPUYHUM MapaMeTpoM 30LIbIIYIOTHCS B CTUIBKU Pa3iB, HACKUIbKU
301IBIIYETHCS MOAYJb MPY>KHOCTI MACUBY IIPU HE3MIHHOMY PiBHI HAIPY>KEHb.

[IpoBeneHe MOPIBHAHHS peE3yNbTaTIB MapaMETPUYHOTO aHali3y MEpPEeriHHOrOo
TyHemo KuiBCBKOTO METpONOJiTEHY 3 1HCTPYMEHTaJIbHUMM BHUMIPIOBAaHHSIMU
JIOBOJIUTh BHUCOKUHW CTYIMiHb aJCKBATHOCTI PO3POOJICHUX aBTOPKOI TEOPETHKO-
NPaKTUYHUX TOJIOKEHb MapaMeTPUYHOTO aHalli3y, OCKIJIbKM MOXHOKa MIiX
BEPTUKAIbHUMH  TEPEMILNICHHSIMH, OTPUMaHHMMH B  XOJAl  MaTeMaTUYHOIO

MOJIETIOBaHHS Ta MapKIIEHAEpChKUX BUMIpIOBaHb, ckianae 3,0...14,5 %.



KirouoBi cioBa: ropuzoHTasbHa BUpOOKa, IapyBaTUl MacuB, apaMEeTPUIHUN
aHaJli3, HaNpyKeHOo-nehOPMOBAaHUI CTaH, METOJ CKIHYCHHUX elieMeHTiB, scaling-
napameTpHu.
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ABSTRACT
Nataliia Bondarenko Parametric analysis of the stress-strain state of a
horizontal working interacting with a layered massif. — 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 devoted to the development of a scientific idea of a
parametric analysis of stresses and strains of an unsupported or supported horizontal
working interacting with a layered massif. Conceptually, parametric analysis is based
on mathematical modeling using the finite element method. With the help of the
author's algorithms, the solution of the finite element method, obtained for a specific
calculation case, is extrapolated to other calculation cases.

The relevance of research on the determination of the stress-strain state of a
horizontal working interacting with a layered massif is due to the presence of
problems during the construction of running tunnels by shield tunneling, in particular,
metro in Kyiv. The influence of layering for the Kyiv metro can be defined as
negative, since the construction of the running tunnel interacting with the layered
massif deforms non-uniformly.

The basis of parametric analysis is that the stress-strain state on a circular
horizontal working with a unit radius can be extrapolated to workings of any radius
using scaling parameters. The development of the theoretical and practical
foundations of the parametric analysis of the stress-strain state of a horizontal
working interacting with a layered massif is the goal of the dissertation work.

To achieve the goal, an analysis of the issue of determining the stress-strain
state of the system “horizontal working — layered massif” was carried out, as well as
methodological approaches to the layering of a rock massif weakened by horizontal
mining.

The conclusions of the analysis confirm that mathematical modeling based on



the method of finite elements allows you to fulfill all the tasks of the dissertation.
Finite-element models of the system “horizontal working — rock massif” were
created, which allow variation of the working radius and deformation properties of
the layered massif. Finite element models with single parameters are also built, which
are primary for further scaling.

With the help of the created finite element models, it was determined that
during the scaling of the system “horizontal working — layered massif” with a single
geometric parameter (radius of the working R=1), the stress should be increased in n
times, and the displacement in n?, where n is the ratio of the radii of the real system
and the system with a single geometric parameter. After that, the obtained author's
regularities should be applied for the characteristic points of the product to determine
the stress-strain state on the outline of the product for other values of the ratio of the
modulus of elasticity of the matrix and the layer.

The scientific novelty is that, for the first time, with a correlation coefficient
R*=0.97 ... 0.99, the contour stress patterns of an unsupported working in a layered
massif are obtained, which are logarithmic for three characteristic points, and linear
for two points. It is proved that the displacement values of a real supported working,
in contrast to a working with a single geometric parameter, increase as many times as
the modulus of elasticity of the matrix increases at a constant stress level.

The comparison of the results of the parametric analysis of the Kyiv metro
tunnel with instrumental measurements proves a high degree of adequacy of the
theoretical and practical provisions of the parametric analysis developed by the
author, since the error between the vertical displacements obtained during

mathematical modeling and surveying measurements is 3.0 ... 14.5 %.

Keywords: horizontal working, layered massif, parametric analysis, stress-

strain state, finite element method, scaling-parameters.



