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Manaman A.P. B3aemozis miamipHUX CTIH 3 IPYHTOBUM CEPEIOBUILEM IPH YPaxyBaHHI

iX MPOCTOPOBOI JKOPCTKOCTL. — KBauidikaniiiHa HaykoBa mparist Ha [paBax pyKOIUCY.
Jluceprarlis Ha 3100yTTs HAyKOBOT'O CTYIEHs JIOKTopa ¢iiocodii 3a CreriaabHICTIO
192 — ByniBHUIITBO Ta IIUBUILHA 1HXEHEPIs, TalTy3b 3HaHb 19 — ApxiTekTypa Ta Oy 1IBHUIITRBO.
— KuiBCchkMii HalllOHAJILHUM yHIBEpCUTET OY/IIBHULITBA 1 apXITEKTypU. MIHICTEPCTBO OCBITH
1 Hayku Ykpainu, Kuis, 2026 p.
VY nuceprauiiiHiii  poOOTI JOCTIHKEHO OCOOIMBOCTI (DOPMYBAaHHSI HANpPy>KEHO-

1e(OpPMOBAHOr0 CTaHy CUCTEMH «IPYHTOBUI MAaCHUB — MIMIPHI CTIHU — ICHYIOU1 OY/IIBIID.

Y nepuwiiii yacTuHi auceprTailii po3MNIIHYTO PI3HI BUAM KOHCTPYKTHBHHUX PIIIEHb
THYYKHX ITAMPHAX CTiH, $SKi BUKOPUCTOBYIOThCS JUIA BJIAINTYBaHHS OTOPOKCHHS
KOTJIOBaHIB Ta 1H)KEHEPHOTO 3aXUCTY TEPUTOPIi Ha 3cyBOHeOe3neuHux AvisiHkax. HaBeaeHo
aHaJli3 METOJIIB PO3PaxXyHKy THYYKHX IMIAMPHUX CTiH: rpadivyHi Ta aHAITUYHI Ta 13
3aCTOCYBaHHIM YHCJIOBOIO MOJICTIOBaHHS. [l OIIHKKM HANpyXeHO-Ie(OpPMOBAHOTO CTaHY
MIMPHUX CTIH CKJIaJHOT KOHQITypallli B TUIaH1 Ta OIIHKY BIUTMBY BIIAIITYBaHHS TJIMOOKHX
KOTJIOBAaHIB Ha HAaBKOJMIIHIO 3a0yZ0BYy BHUKOPHCTOBYIOTHCS YHMCIIOBI MeToau. Yuciose
MO/IEITIOBaHHSI HANPY>KeHO-/1e()OPMOBAHOTO CTaHy €JIEMEHTIB CUCTEMH «TPYHTOBUN MACHUB —
IIMpHI CTIHM — 1CHYIOYl OymiBII», BHUKOHAHE 3 BHUKOPHUCTAHHAM METOJIY CKIHYCHHHX
€JIEMEHTIB, 1110 JI03BOJISIE KOMIUICKCHO MPOaHaIi3yBaTH (popMyBaHHS Ta 3MiHY JedhopMartii
Ta HAIPYKEHb B YCIX €JIeMEHTaX CUCTEMHU. BaKIMBUM MUTAHHSIM YMCIIOBOTO MOJIETIOBAHHS
€ BUOIp MO IPYHTOBOTO CepeoBHUIIa. Y poOOTi PO3IIITHYTO TPHU MOJEII, 110 OMHCYIOThH
HEJIHIHY TTOBEIIHKY IPYHTY: MOJIeNb 3 Kputepiem mimHocTi Kynona-Mopa (MC), Hardening
Soil Model (HSM) ta moaudikoBana moaens Hardening Soil Small Strain (HSS). Ineansho-
MPY>KHO-TUTACTHYHA MOZETH 3 Kputepiem mimHocTi Kynona-Mopa € mmpoko BXKUBaHOKO Ha
MPaKTHUII 1 0a3yeThCs HAa JBOX CKIIAIOBHX: HA 3aK0Hi [ 'yka ¥ ymoBi mirHOCTI Kynona-Mopa,
OCHOBHHUM HEJIOIIKOM JJAHO1 MOJIEITi € HETOYHHH OITUC ITOBEIIHKH IPYHTOBOT'O CEPEIOBHIIA B
yMOBax HOro pO3BaHTAKEHHS, IO Ma€ MICIE TPW BJIAMITYBAaHHI TIMOOKMX KOTJIOBAHIB.

Monens HSM — Mozenb NpyXHO-IJIACTUYHOTO Je(POPMYBAHHS IPYHTIB 31 3MIHOIO



napaMeTpiB >KOPCTKOCTI IPYHTOBOIO CEPEAOBMILA B 3AJIEKHOCTI BiJl PIBHS HAIPYXEHb Y
1pyHTi. [lepeBaroro 1aHoi MoJielNi € MOXKITUBICTh BpaXyBaHHS PI3HUX MapaMeTPiB ) KOPCTKOCTI
B TPAEKTOPIAX HABAHTAKEHHS / PO3BAHTAXEHHSI, 10 BAKJIMBO ISl PO3PAXyHKY THYUYKHX
MIAMIPHUX CTIH OrOPOKEHHS MIMOOKUX KoTIoBaHiB. Mosens HSS - BpaxoBye sKOpCTKICTB
IPYHTY TpY Maiux jAedopMarlisix, 3aCHOBaHA Ha MPYKHO-IUIACTUYHIN MOZENI IPYHTY, L0
sMinHIoeTbest (HSM) 1 BukopucroBye mnoniOHuii HaOlp napaMeTpiB 3 J0JaTKOBUMH
napamerpaMu (MOJyJib 3CyBY IpU HaaMalux aedopMaliisx Ta piBeHb 3CyBHOI JiedhopMariii),
110 TOYHIIIIE ONUCYE TOAATKOBI AeopMallii icHyrounX Oy/iBesb B yMOBaxX HIUTBHOT MICHKOT

3a0y/10BH, ajie MoTpeldye AeTaNbHIIIUX JJAOOPATOPHUX AOCIIIKEHb IPYHTIB.

Y apyrii 4acTHHI 3 METOIO JOCITI/KCHHS BIUIMBY BHITY HaIpy>KEHO-Ie(HOPMOBAHOTO
CTaHy Ha PO3MO/LT 3yCHJIb 1 IEpEMIIIIEHb B MIAMIPHIH CTiHI Ta AedopMallii 0TOUyr0u0i 3a0y/10BU
Oyso po3B’si3aHo 2 TectoBl 3amaul. [lokazaHo, 1O 3HAYEHHS TEPEMIlIEHh Ta 3THHAIBHUX
MOMEHTIB, B €JIEMEHTaX THYYKOi IMiIMIPHOI CTIHK, OTPHMaHMX 3a pe3yJIbTaTaMH YUCIIOBOIO
MOJICTIOBaHHS B IUIOCKIM TOCTAHOBII, BHINl 3a 3HAYEHHS OTPUMaHl 3a pe3yJibTaTaMu
YHCIIOBOIO MOJICIIOBAHHS B MPOCTOpoBid moctaHoBIll Ha 38-205% Ta 25-72% BinmoBigHO.
JlocnmipkeHo, IO Ha HamNpy>KeHO-1eOpMOBAHWM CTaH TIAMIPHUX CTIH BIUIUBAE
CHIBBITHOIIICHHS CTOPiH KoTJIoBany (By/Ly). [Tpu criBBimHOIIIEHH] CTOpiH MprOM3HO 1:1 picT
NepeMillieHh Ta 3YCWIb, B €IeMEHTaX THYYKUX MAMPHUX CTIH, y LEHTPAIbHIM YacTHHI
KOTJIOBaHYy I10 BIJHOIICHHIO JI0 KPalOBMX 30H BIAOYBAEThCS 3 IMOCTIHHMM 3POCTAHHIM
(mMHAMIKAa 3MIH IAMOPSIKOBYETHCS TIOKA3HUKOBIM 3aJICKHOCTI), a TMpH 30UIBIICHHI
CHIBBITHOIIICHHS CTOPIH KOTJOBaHy, 10 1:2 Ta OuIblle pa3iB, MPOCTIIKOBYETHCS UITKO
BUpa)KEHA JIIHIMHA JUISTHKA B IICHTPAIBbHIM YaCTHHI JOBIIIOI CTOPOHH KOTJIOBAaHY, HA SKil HE
BIIOYBA€ThCS CYTTEBOI 3MiHM 3rMHAJIBHAX MOMEHTIB Ta TIEPEMIIIICHb B €JIEMEHTaX MiAMIPHOI
ctiny. BusiieHo, 1110 3Ha4eHHS JOAATKOBUX OCiZJaHb OYIMHKY, OTPUMAHUX 32 Pe3yJbTaTaMU
YHCJIOBOTO MOJICTIOBAHHS B TUTOCKIM IOCTAHOBIN, 3HAYHO BHWIII 3a 3HAUCHHS, OTpUMaHi 3a
pe3ysibTaTaMy YHCIIOBOTO MOJICITIOBAHHS B TMPOCTOPOBIM MMOCTAHOBIN, a caMe: MiHIMaJlbHa
PI3HUIISI B 3HAYECHHSX JOATKOBUX OCIZIaHb ICHYIOYOro Oy TMHKY CTaHOBUTH 197%. 3a paxyHOK
BpaxyBaHHS MPOCTOPOBOI JKOPCTKOCTI, @ TAKOK PO3MIIIICHHS ICHYI0YOro OyTMHKY B TIIaHI O
BITHOIIICHHIO JT0 KyTa KOTJIOBaHY (Ha Pi3HiH BIACTaHI MK KyTOM KOTJIOBaHY Ta IIEHTPATLHOIO

BICCIO OY/IMHKY) BUHMKA€ MOKJIMBICTH KOPEKTHOI OIIHKM BIUTMBY BJIAIUTYBAaHHS IMOOKOTO



KOTJIOBaHY Ha ICHYIOUY 3a0y0BY. Pi3HUIIA MK 3HAUEHHSIMH JJOJATKOBUX OCIIaHb ICHYIOUOTO
OyIMHKY IpY pO3TallyBaHHI Oro LEHTPAIbHOI OCI HAPOTH CEPEIMHU MPOJILOTY KOTJIOBaHY

(Lx/2) Ta HanpoTH KyTa KOTJIOBaHY cKiamgae 150%.

Y Tperiii yacTHHI NOKA3aHO €KCIIEPUMEHTANIBbHI JOCIKEHHS OLIHKH Jaedopmariii
THYYKUX MiJMIPHAX CTIH OTOPOJDKEHHS KOTJIOBAaHY Ta JIOJIATKOBI OCIMaHHS OTOUYYHOYOl
3a0y0BH. byJ1o poBeneHo aHai3 JaHuX T'e0IC3UIHOI0 MOHITOPUHTY Ta BUKOHAHO 3BOPOTHI
3a71a4i YHMCIIOBOTO MOJICITIOBAHHS HANpy>KEHO-Ae()OPMOBAHOTO CTaHYy EIEMEHTIB CHCTEMH
«TPYHTOBHM MaCUB — MiJMIPHI CTIHU — ICHYI0Y1 OyiBJI», 3 METOIO MOPIBHSHHS PE3yJIbTATIB
dakTruHEX gedopMaiiii Ta iX BENIWYMH TPOTHO30BAHUX YHMCJIOBAM MOJICTIOBAHHS.
JlocmimpkeHHs TIOKa3aH, 1110 Oe31ocepeTHE BAKOPUCTAHHS MTapaMeTPiB IPYHTIB, HABSJICHHUX Y
3BITI 3 1HJKEHEPHO-TEOJONYHUX BHINYKYBaHb, JJIsI YUCIOBOTO MOJICNIOBaHHS 0e3 iX
i1eHTudikaiii Moke Mpu3BecTH A0 3Ha4yHoi (y 2-3,5 pa3u) moxuOKku y BHU3HAUYEHHI
PO3paxyHKOBUX 3HAYCHB IEPEMIIeHb KOHCTPYKIii. OCHOBHMMH TPUYMHAMH IHOTO €:
HETOYHICTh BHU3HAUCHHSI TapaMETpiB TIPYHTIB IIiJi Yac TEOJIOTIUYHUX BHIINYKYyBaHb Ta
HEBUIMOBIAHICT PEXKUMIB 1X BUMPOOYyBaHb (PAKTUUHUM 3MiHAM iX HAIPYKEHOTO CTaHy
NPOTATOM JEKUTBKOX HUKITIB HABAHTAXKEHHS / PO3BAHTAKEHHS / TIOBTOPHOTO HaBAaHTAXKEHHS
BJIACTHBHUM CHUTYAIIiSIM BIIAIITYBaHHS MTHOOKUX KOTJIOBAHIB Ta MOAAIBIIOMY CHOPY/KEHH] B
HUX (PyHIaMEHTIB HOBUX Oy/iBeNlb, HEOJHOPIAHICTh IPYHTOBHUX YMOB, BIUIMB TEXHOJIOTII
3BEJICHHS TIMIPHUX CTIH Ha CTaH IPyHTIB Tomlo. [lokazaHo, 10 YKCIOBE MOJETIOBAHHS 3
BUKOPUCTAHHSIM TIUIOCKOI PO3PAaXyHKOBOI CXEMH XapaKTepU3Y€ThCs CHUCTEMATUYHUM
3aBUIICHHSM  PO3PAaXyHKOBHUX 3HAYEHb TMEpEMIllleHb TOPIBHSHO 3  pe3yJbTaTamMu
MOHITOPHHTY. 3HA4YeHHS MOJIATKOBUX OCIIaHb icHyroumx OymiBenb Bumll Ha 67-100%
(cepenne 3HaueHHs 84%), TOPU3OHTAIIBHI TIEPEMIIIICHHS BEpXY MiAMIpHUX CTiH —Ha 45-412%
(cepenne 185%). Kpim Toro, aHasi3 po3noAuTy 3rHHaJIbHUX MOMEHTIB Y TAJISIX JJEMOHCTPYE,
10 BUKOPUCTaHHS TUIOCKO1 PO3PAXyYHKOBOI CXEMU MPU3BOJIUTH 10 3aBUILICHHS X 3HAYCHb HA
14-33% (cepenne 25%) BIAHOCHO TPHUBHMIPHOI MOJEII, 110 PU3BOANTD B IMOAATIBIIIOMY JI0
MIEPEeBUTPAT MaTEePialiB 1 MIBUIIICHHS BAPTOCTI KOHCTPYKIIIN MiAMIpHUX CTiH. Taka pi3HUIS
3yMOBJICHA ITHOPYBaHHSM MPOCTOPOBUX €(EKTIB B3a€EMO/Iii KOHCTPYKIIii, 30KpemMa podoTH
PO3MIPHOT CHUCTEMH Ta BapiabeNbHOCTI T€OMETpii KOTIOBaHY. 3alpONOHOBAHO aJTOPUTM

OLIIHKU HAaIpy>KE€HO-1e(DOPMOBAHOTO CTaHY €JIEMEHTIB CHUCTEMU «IPYHTOBUN MAaCUB —



MiAMIPHI CTIHU — ICHYI0Y1 OyAiBII», IO BiIOOpaXxae KOMIJIEKCHUI MpPOIeC MPOESKTYBaHHS

MAMIPHUX CTIH.

Y dJerBepriii 4aCTHHI TPOBEACHO PE3YJbTATH NPAKTUYHOTO 3aCTOCYBAaHHS
3aIllPpONOHOBAHOIO AJITOPUTMY BHU3HAUEHHS HANPYKEHO-1e()OpPMOBAHOIO CTaHY €JIEMEHTIB
CUCTEMH «IPYHTOBUM MacuB — MIAMIPHI CTIHM — ICHYyIO4Yl OYAIBID» 3 ypaxyBaHHSM iX
MIPOCTOPOBOI )KOPCTKOCTI JUIsl peaIbHUX THKEHEPHO-Te€O0JIONTYHUX YMOB Ha TPhOX 00’ €KTaX y
M. Kuegi. [lokazano, 1m0 npocTopoBa CKIHUYEHHO-EJIEMEHTHA MOJIENb JJa€ 3MOTY BpaxyBaTd
MPOCTOPOBY KOPCTKICTh KOHCTPYKIIIH 1 BI/IOBITHO O1TbIII KOMIUIEKCHO OLIHUTH HAIIPYKEHO-
nepopMOBaHUN CTaH €JIEMEHTIB CUCTEMH «IPYHTOBUM MAacWB — MiJIIPHI CTIHU — ICHYIOUI
OymiBmi». BukopucTtaHHsi IpOCTOPOBOI CKIHYEHHO-EJIEMEHTHOI MOJIeNIl POOUTh MOKITMBUM
BpaxyBaHHs (haKTOpy MPOCTOPOBOI JKOPCTKOCTI KOHCTPYKIIIM, 110 HAJAJIl J1a€ 3MOTY OUIBII
e(EeKTHUBHO 3alpPOEKTyBaTh KOHCTPYKLII MAMIPHUX CTiH. Hemonmikamu naHoro Metony €
3Ha4yHa MOTpeda B TMOTYKHOCTI OOYMCIIOBAJIBHOTO TIPUCTPOIO Ta 4Yac PO3PaxXyHKIB.
[epemirieHHsI Ta 3TUHAIBHI MOMEHTH OTPUMaHi 3 BUKOPUCTAHHSIM MOICITFOBAHHS B TUTOCKiH
MOCTAaHOBIN € Ha 15-35% OUIbIIMMU HIK 3 BAKOPUCTAHHAM MPOCTOPOBOI MMOCTAHOBKH, 1110 €
IIUJIKOM JIOTIYHUM, OCKUIBKM TPOCTOPOBA CKIHUYEHHO-€JIEMEHTHAa MOJETh Ja€ 3MOry
BpaxyBaTH MPOCTOPOBY KOPCTKICTh KOHCTPYKIIIH 1 BIIMOBIIHO O1IbIII KOMILUIEKCHO OLIIHUTH
HanpyKeHO-1e()OPMOBAHUI CTaH €JIEMEHTIB CUCTEMH «IPYHTOBHM MacUB — IIMIPHI CTIHU —
icHytoui OyaiBmi». [TokazaHo, 1110 BpaxyBaHHS IPOCTOPOBOI KOPCTKOCTI THYUKUX i IITIPHUX
CTIH TIPU OILIHII BIUIMBY BJIAINTYBAaHHS TTMOOKMX KOTJIOBaHIB B YMOBAax IIUIBHOI MICHKOI
3a0yZI0BM TIPU3BOAMWTH JI0 3MEHIICHHS MPOrHO30BAHMX 3HAYCHb JIONATKOBUX OCIIAHb
icHytounx OymiBenb 70 1,5 pa3u y MOpPIBHAHHI 13 MOJEITIOBAaHHSIM aHAIOTIYHUX 3a7ad B

YMOBaX TUIOCKOTO HAaNpy>KeHO-/1e(hOPMOBAHOTO CTaHy.

Kiw4oBi cioBa: THyuki TAMIPHI CTiHM, YUCIIOBE MOJICIIIOBAHHS, HAIpPY>KEHO-
nedhOpMOBaHUN CTaH, IPOCTOPOBA >KOPCTKICTh, IUIOCKA CKIHYCHHO-CJIEMEHTHA MOJIENb,

ITPOCTOPOBA CKIHYCHHO-EJIEMEHTHA MOJICI b, T€OIC3MIHUI MOHITOPHHT.



ABSTRACT
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This thesis investigates the characteristics of the stress-strain state formation of the

‘soil mass — retaining walls — existing buildings’ system for retaining walls.

In the first part of the dissertation, various types of structural solutions for flexible
retaining walls used for excavation enclosures and engineering slope protection on
landslide-prone sites are reviewed. An analysis of methods for calculating flexible
retaining walls is presented, including graphical, analytical, and numerical modelling
approaches. Numerical methods are used to evaluate the stress-strain state of retaining
walls with complex plan configurations and to assess the impact of deep excavations on
surrounding structures. Numerical modelling of the stress-strain state of elements within
the system ““soil mass — retaining walls — existing buildings” is performed using the finite
element method, which enables a comprehensive analysis of deformation and stress
evolution throughout all system elements. The choice of soil constitutive model is
identified as a key issue in numerical modelling. Three models describing the nonlinear
behaviour of soil are considered: the Mohr—Coulomb criterion model (MC), the
Hardening Soil Model (HSM), and the modified Hardening Soil Small Strain model
(HSS). The ideal elasto-plastic Mohr—Coulomb model is widely used in practice and is
based on Hooke’s law combined with the Mohr—Coulomb failure criterion; its main
shortcoming is the inaccurate description of soil behaviour during unloading, which is
characteristic of deep excavation conditions. The HSM is an elastoplastic model with
stress-dependent stiffness parameters, offering the advantage of accounting for different

stiffness values along loading and unloading/reloading paths, which is particularly



important for flexible retaining wall design in deep excavations. The HSS model accounts
for small-strain soil stiffness; it is based on the HSM and employs a similar set of
parameters supplemented by two additional ones (small-strain shear modulus and
reference shear strain level), providing a more accurate description of additional
settlements of existing buildings in dense urban environments, though it requires more

detailed laboratory soil investigations.

In the second part, two benchmark problems were solved to investigate the effect
of the stress-strain state type on the distribution of internal forces and displacements in
retaining walls and additional settlements of surrounding structures. It is shown that
displacements and bending moments in flexible retaining wall elements obtained from
two-dimensional numerical modelling exceed the values obtained from three-
dimensional numerical modelling by 38-205% and 25-72%, respectively. The influence
of the excavation aspect ratio (Biw/Lk) on the stress-strain state of retaining walls is
examined. At an aspect ratio of approximately 1:1, the increase in displacements and
internal forces in flexible retaining wall elements from the corner zones toward the centre
follows an exponential trend. As the aspect ratio increases to 1:2 or greater, a clearly
defined linear region emerges in the central section of the longer side, along which
bending moments and displacements do not change significantly. It is found that the
additional settlements of a building obtained from two-dimensional numerical modelling
are substantially higher than those from three-dimensional modelling, with a minimum
difference of 197%. Accounting for three-dimensional rigidity and the relative position
of an existing building with respect to the excavation corner (at varying distances between
the corner and the building’s central axis) enables a more accurate assessment of the
impact of deep excavation on the surrounding development. The difference in additional
settlements between the case where the building’s central axis is positioned opposite the
mid-span of the excavation (Li/2) and the case where it is positioned opposite the corner

amounts to 150%.

In the third part, experimental investigations of deformations of flexible retaining
walls for excavation enclosures and additional settlements of surrounding buildings are

presented. Geodetic monitoring data were analysed and back-analysis numerical



modelling of the stress-strain state of the system “soil mass — retaining walls — existing
buildings” was performed to compare actual measured deformations with numerically
predicted values. The studies showed that directly using soil parameters from
geotechnical investigation reports for numerical modelling without prior parameter
identification can lead to significant errors in predicted structural displacements, by a
factor of 2 to 3.5. The main reasons are: inaccuracies in determining soil parameters
during site investigations; inconsistency between laboratory test conditions and the actual
stress path changes occurring through multiple loading/unloading/reloading cycles
typical of deep excavation and subsequent foundation construction; soil heterogeneity;
and the influence of retaining wall construction technology on the surrounding soil. It is
demonstrated that two-dimensional numerical modelling systematically overestimates
computed displacements relative to monitoring results: additional settlements of existing
buildings are overestimated by 67-100% (mean 84%), and horizontal displacements at
the top of retaining walls by 45-412% (mean 185%). Furthermore, analysis of the bending
moment distribution in piles shows that the two-dimensional approach overestimates
bending moments by 14-33% (mean 25%) compared to the three-dimensional model,
leading to excessive material consumption and increased costs for retaining wall
structures. This discrepancy is caused by the omission of spatial interaction effects
between structural elements, including the contribution of the strutting system and
variability of excavation geometry. An algorithm for evaluating the stress-strain state of
the system “soil mass — retaining walls — existing buildings” is proposed, reflecting the

comprehensive process of retaining wall design.

In the fourth part, results of the practical application of the proposed algorithm
for determining the stress-strain state of the system “soil mass — retaining walls — existing
buildings”, accounting for three-dimensional rigidity, are presented for three real
geotechnical conditions at construction sites in Kyiv. It is demonstrated that the three-
dimensional finite element model enables the spatial rigidity of structures to be taken into
account and thereby provides a more comprehensive evaluation of the stress-strain state
of all system elements. The use of a three-dimensional finite element model makes it

possible to incorporate the spatial rigidity factor, which in turn allows for more efficient



design of retaining wall structures. The main drawbacks of this method are the substantial
computational resource requirements and extended calculation times. Displacements and
bending moments obtained from two-dimensional modelling are
15-35% higher than those from three-dimensional modelling, which is fully consistent
with the fact that a three-dimensional finite element model properly accounts for spatial
rigidity and thus provides a more complete assessment of the stress-strain state. It is
shown that considering the spatial rigidity of flexible retaining walls when evaluating the
influence of deep excavations in densely built-up urban areas reduces predicted additional
settlements of existing buildings by up to 1.5 times compared to equivalent two-

dimensional plane-strain analyses.

Keywords: flexible retaining walls, numerical modelling, stress-strain state, spatial
rigidity, two-dimensional finite element model, three-dimensional finite element model,

geodetic monitoring.



