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2. Improvement of the calculation method for reinforced soil retaining walls based on finite element modeling

Pedepar:

1. Incepraujiiina po60oTa IpUCBIY€HA YOCKOHAJIEHHIO MiIXOMY 1O OLiHIOBaHHS NepemilieHb ¢pacafHux 6J10KiB
OOJIMILIOBAaHHS apMOI'PYHTOBHUX MiAIIIPHUX CTiH i3 BUKOPUCTAHHSIM Cy4aCHOTO ITporpaMHoro komiekcy Plaxis 2D, y
MEXax OPYyroi rpynu rpaHUYHUX CTaHIB. Y OOCIIIKEHHI Peai30BaHO METOJ, CKIHUEHHUX €JIEMEHTIB J1JIs1 KiJIbKICHOTO
aHaslizy Halpy>KeHo-Ie(OopMOBaHOIO CTaHy TaKUX KOHCTPYKIIiii, 3 ypaXyBaHHSM yCiX eTaliB iX 3BefieHHS,
KOHCTPYKTUBHUX OCOOGJIMBOCTEN Ta Pi3UKO- MEXaHIYHUX XapaKTepUCTUK I'PYHTIB i maTepiasib. Y nepiomy po3zini
MIOJAHO aHAJIITUYHUI OIJISLL, HAYKOBUX JI)KEPEJT Ta HOPMATUBHOI JIITEPATYpH, IO CTOCYIOTHCSI TPOEKTYBAHHS,
PO3PaxyHKYy i JOCiIKEHHS apMOTIPYHTOBUX MifIiPHUX CTiH. PO3MISHYTO iCHYIOUi MiAXOAU 10 BUSHAYEHHS
nepemilleHb 06INII0BaIbHUX 6J10KiB, 0COOGIMBOCTI BpaXyBaHHs IPAaHUYHUX CTaHIB, @ TAKOXX MOJKJIMBOCTI
BMKOPHMCTAHHSI YMCEJILHOTO MOJEJIIOBAaHHS B T€OTEXHIYHUX 3a7a4ax. [I[poaHasnizoBaHO Cy4acHUI Mi>XKHapOOgHUI
IocBin, BKitoyatoun npaxktuku CIIA, €sponu Ta Asii, 3 aKIeHTOM Ha 3aCTOCYBaHHS IPOrpPaMHUX 3aco6iB Tumy Plaxis

y NOAi6HUX AOCHIIPKEHHSX. Y IPyroMy po3zisi BUKJIAJEeHO MeTOM0JIOTII0 YMCeJIbHOIO MOZIEI0OBAaHHS PO6OTU



apMOI'PYHTOBOI MiAIIIPHOI CTiHM 3 06JIMLIOBaHHAM Yy cepenosuli Plaxis 2D. [Io6ynoBaHO AeTanibHy MOIEIIb
KOHCTPYKILii 3 ypaxyBaHHSIM peajibHOI reOMETPii, MOCIiOBHOCTI 3B€I€HHS, iHKEHEPHO-TE€0JIOTIYHUX YMOB
MaiiJJaH4MKa Ta TEXHIYHMX XapaKTEPUCTUK yCiX KOHCTPYKTMBHUX €JIEMEHTIB — I'PYHTY, apDMYIOYUX CTPiYOK,
(acagHux 6JI0KIB Ta KOHTAKTHUX 30H. [IpOBeIE€HO MOJIEIIOBAaHHS Pi3HUX CLI€HApPiiB HABAHTA)KEHHSI Ta BapiaHTIiB
3aKpiMseHHs 06nLBaHHSA. OTPUMAHO JaHi PO HaNPy>KeHO-Ae(OPMOBAaHNI CTaH KOHCTPYKIii Ha BCix eTamnax
Oy[iBHULITBA Ta eKCIlyaTallii. ¥ TpeTbOMY PO3ZiJi ON1CaHO IPOrpaMy MOHITOPUHTY JOCIiZHOrO 00'eKTa — peayibHO
3Be/IeHOi apMOIPYHTOBOI MiANipHOi CTiHM 3 6ETOHHUM OOJIUIIOBAaHHIM. HaBeleHO METOAMKY IPOBeeHHSI HATypHUX
BUMIpIOBaHb, BKJIIOYAI0OUX 3aCTOCOBAHI iHCTPYMEHTAJIbHI 32C001 Ta MeTOAU 06POOKU JaHuX. PesynbraTu
MOHITOPYHTY NTPOaHaJIi30BaHO Ta MOPiBHSIHO 3 PE3yJIbTaTaMU YUCEIBHOTO MOJIEIIOBAHHS. BUKOHAHO KOpeJIsaLiiHUI
aHaJi3 OTPUMaHUX 3HaYeHb nepeMileHs ¢pacagHux 6JI0KIB, 10 JO3BOINUIIO OLiHUTU JOCTOBIPHICTh i TOYHICTh
mogeti. [Toxnbku MK PO3paxyHKOBUMU Ta €KCIIEPUMEHTAIbHUMU JAHUMU ITPOAHAsi30BaHO Ta OO PYHTOBAHO. Y
4eTBEPTOMY po3Aiji chOpMYJIbOBAHO MigXif, 10 BUKOPUCTAHHS IIPOrpaMHOTro KoMiiekcy Plaxis 2D ais Bu3HadeHHS
nepemineHs ¢pacagHUX 6JI0KiB OOJIMIIOBAHHS apMOI'PYHTOBUX MiAIIPHUX CTiH 32 JPYrolo rPyIo0 PaHUYHUAX
cTaHiB. PO3p0o6sieHO IPaKTUYHI peKoMeHallii 0Jj0 CTBOPEHHSI FeOTEXHIYHUX MOjieJiell, BUGopy IapaMmeTpiB
MarepiaiB, 3aBJaHHA TPAHUYHUX YMOB Ta iHTepIripeTauii pe3yabraris. [logaHo npuKkiaau BIpOBaIKEHHS iAX0AY B
iHXXeHepHy MPaKTHUKY, 1[0 MOXKe OyTH KOPUCHUM SK 711 IPOEKTYBAJIbHUKIB, TaK i [1711 HAYKOBLIB. Y pe3ysbTarTi
IOCiIKeHHsI OOI'PYHTOBAHO JOLiIBHICTD 3acTocyBaHHs Plaxis 2D 1y nporHosyBaHHs AedopMallifHUX
XapaKTePUCTUK apMOI PYHTOBUX KOHCTPYKLi Ta MiATBEPAKEHO e(PEeKTUBHICTb BUKOPUCTAHOTO MigXO1y IIJISIXOM
NOpPiBHSIHHSA 3 (PAaKTUYHUMU JaHUMU. PO6OTa criprsie pO3BUTKY BiTYM3HSIHOI IPAKTUKY TPOEKTYBAHHS MiANiPHUX
CHCTEM i € aKTyaJIbHOIO 1151 IiIBULIEHHS HallifHOCTi TPAHCIIOPTHUX Ta IiIpOTeXHIYHUX 00'€KTiB iHPpacTpyKTypH.
Kitto4oBi cs10Ba: aBTOMOG1/IBHI JOpOry, 3eMJsiHE TOJIOTHO, JOPOSKHS KOHCTPYKIisl, HalliBaHAIITUMHUN METO],
CKiHY€HHUX €JIEMEHTIB, TPMBMMipHE PillleHHS, HANIPY>KeHO-1e(OPMOBAaHMI CTaH, METO]], CKIHYEHHUX €JIEMEHTIB,
reoTeXHiYHUI MOHITOPUHT, aHAJIITUYHUHN PO3B'SI30K, OCimaHHsI, KoedillieHT MiITHOCTI, JedopMariisi, JOPOKHS
Mepexa, TOPOKHIN Ofr.

2. The dissertation is devoted to the improvement of the approach to the estimation of displacements of facade
cladding blocks of reinforced soil retaining walls using the modern software package Plaxis 2D, within the second
group of limit states. The study implements a finite element method for quantitative analysis of the stress-strain
state of such structures, taking into account all stages of their construction, design features, and physical and
mechanical characteristics of soils and materials. The first section provides an analytical review of scientific
sources and regulatory literature related to the design, calculation, and study of reinforced soil retaining walls. The
existing approaches to determining the displacements of facing blocks, the peculiarities of taking into account the
boundary states, and the possibility of using numerical modeling in geotechnical problems are considered. The
current international experience, including the practices of the USA, Europe and Asia, is analyzed, with an
emphasis on the use of software tools such as Plaxis in such studies. The second section describes the
methodology for numerical modeling of the operation of a reinforced soil retaining wall with lining in the Plaxis 2D
environment. A detailed model of the structure was built, taking into account the actual geometry, construction
sequence, engineering and geological conditions of the site, and technical characteristics of all structural elements
- soil, reinforcing tapes, facade blocks, and contact zones. Different load scenarios and cladding fixing options
were modeled. The data on the stress-strain state of the structure at all stages of construction and operation were
obtained. Chapter 3 describes the monitoring program for the research object - a real-life reinforced soil retaining
wall with concrete lining. The methodology for conducting field measurements, including the tools and data
processing methods used, is presented. The monitoring results are analyzed and compared with the results of
numerical modeling. A correlation analysis of the obtained values of displacements of the facade blocks was
performed, which made it possible to assess the reliability and accuracy of the model. The errors between the
calculated and experimental data are analyzed and justified. Chapter 4 formulates an approach to using the Plaxis
2D software package to determine the displacements of facade blocks of reinforced soil retaining walls under the
second group of boundary conditions. Practical recommendations for creating geotechnical models, selecting
material parameters, setting boundary conditions, and interpreting the results are developed. Examples of the



implementation of the approach in engineering practice are presented, which can be useful for both designers and
scientists. The study substantiates the feasibility of using Plaxis 2D to predict the deformation characteristics of
reinforced concrete structures and confirms the effectiveness of the approach used by comparing it with actual
data. The work contributes to the development of the national practice of designing retaining systems and is
relevant for improving the reliability of transport and hydraulic infrastructure facilities. Keywords: highways,
subgrade, road structure, semi-analytical finite element method, three-dimensional solution, stress-strain state,
finite element method, geotechnical monitoring, analytical solution, settlement, strength factor, deformation, road
network, pavement.
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