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Abstract:

The object of the research is the retaining wall behavior under conditions of complex topography
and dense development of existing buildings. The influence of retaining wall construction on the stress-
strain state of the existing structures is also investigated. This work aims to evaluate the impact of soil
cutting and constructing a retaining wall adjacent to the existing building. This research is of great
importance as there is a lack of knowledge of appropriate structural solutions for earth-retaining
structures considering landslide protection measures and distance between structures. Method.
Numerical calculations were performed in the Plaxis 3D software program for three-dimensional
calculations of the deformation and stability of spatial construction objects and the soil base. The work
was divided into three stages: 1) building construction, 2) arrangement of landslide control measures,
and 3) excavation for new construction. At each stage, changes in the forces occurring in the foundation
slab, columns, and perimeter beams were analyzed. A comparative analysis with the previous stage was
carried out. Results. The impact of the newly erected retaining wall on the structures of the existing
buildings was calculated. Changes in displacements of slab foundation, transverse, and longitudinal
forces, as well as bending moment in building structures depending on the height and distance of
adjacent structures, were determined. Recommendations for making optimal design decisions that help
minimize the negative impact on the existing structures are given.

1 Introduction

Tepputopua ropoga bonbworo Coun, Poccuinckon depepaumm xapakTepusyeTcsi CrOXHbIM
penbedoM C peskum nepenagoMm BbICOT NpW BeCcbMa MNIIOTHOW 3acTporke. CuTyaumu, Npu KOTOPbIX
OCBOEHME HOBOrO y4yacTka OCYLLEeCTBRsieTca BOMM3N CyLLECTBYIOLIEro 34aHus C NOAPE3KOW rpyHTa U
YCTPOMUCTBOM MPOTMBOOMNOSI3HEBLIX MEPONPUATUIN BCTPEYaloTCa B 3TOM perMoHe rnoBceMecTHo. Beugy
OTCYTCTBUSA MHAPOPMALIMM O KOHCTPYKTUBHBIX PELLEHUSIX YXKe NOCTPOEHHOro AoMa AOCTaTOYHO CIOXHO
OLUEHUTb HeraTMBHOE BNUSHWE, OKa3blBaeMoe CTPOUTENbCTBOM MOAMOPHOM CTEHbl Ha KOHCTPYKLMU
cywectsytollero 3gaHund [1]. Hepegko pacctogHne mexay noAnopHOM CTEHON U 34aHNeM He NpeBbIlaeT
M 3-X MeTpPOB, YTO MOXET MPMBECTM K BO3HUKHOBEHMIO OMacHbIX OMON3HeBbIX npoueccoB [2], [3],
NoBpeEXOEHUIO cyLlecTBylowero 3gaHus [4]-[6], a Takke 3Ha4YUTENbHOMY MaTepuanbHoMy yuepby [7]-
[9].

B cBS3M C OTCYTCTBMEM B HacToslLLee BPeEMS €OUHON METOAMKN OLEHKN 3anpeneribHbiX YCUnumn,
BO3HMKAOLLMX B CYLLUECTBYHOLLEM 34aHUKN, aKTyalbHbIM OCTAeTCs BOMPOC BIIMSHUS CTPOUTENLCTBA
NoanopHON CTEHbI B 30HE C BbICOKOW MNOTHOCTLIO 3acTporku [10], [11]. CormacHo pekomeHgauusm
OEVNCTBYIOLLMX HOPM AN CyLeCTBYIOLWEro 34aHus OrpaHnyYMBaeTCs NUWb MpeferibHoe 3HayeHue
OOMOMHUTENLHOM OCadkM OCHOBaHuWs dyHaameHToB [12]. WM3yyeHHas oueHka BRAWSHUA Ha
cyuwlectBytowyto 3actpouky, [13]-[15] BO MHOrom HanpasneHa Ha onpefeneHne AOMOMHUTENbHbIX
ocagok. OgHako, B KOHCTPYKUMAX 30aHWUSA, HaXOOSALWMXCA B 30HE BUSAHMSA HOBOrO CTPOMTENbCTBA,
BO3HMKAIOT AOMOSMHUTESNbHbIE YCUNNA, Ha KOTOpble OHO He ObINo U3HayanbHO pPacCYUTaHO, YTO
noarBepxaaetcs nccnegosaHnamm [16]-[18]. B cBs3m ¢ aTum BO3HMKAeT HEOBXOAMMOCTbL pa3paboTku
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METOOUKM OLEHKN BMUSIHUA HOBOro cTpoutenbctBa [19] m gaTe pekoMeHgauuum Mo NPUHSTUIO
ONTUManbHbIX MPOEKTHbIX PeLleHUd, CrocOBCTBYIOWMX MUHUMU3ALMN HEraTMBHOrO BIWSHWUS BHOBb
BO3BOANMbIX COOPY>XEHMI Ha cyulecTBytowee 3gaHme [20]-[22].

Llenb nccneaoBaHua — oLEHUTb BrUsiHUE, OKasblBaeMoe Noapeskon rpyHTa U CTpouTesNbCTBOM
NOAMNOPHON CTEHbl, PacnonoXXeHHOW B6NN3n CyLLEeCTBYOLLIEro 30aHNS.

3agayum uccnenoBaHUA:

1. Ha ocHoBaHuu pesyrnbTaToB pacyeTa U3y4uTb BIIMSHUE, OKa3blBaemoe MoAMOpPHOM CTEHOW Ha
HanpsPKeHHO-0eOPMUPOBAHHOE  COCTOSIHME  KOHCTPYKUUA  CyLIEeCTBYHOLEro 34aHus, B
3aBMCMMOCTM OT BbICOTbI MOAMNOpAa rPyHTa U pacCTOSHUIO MEXAY 34aHUEeM U yOepKMBaLUM
COOpPYXXEHMEM.

2. ObocHoBaTb HEOBXOANMOCTb AanbHENLEro nccnegoBanns B 06nactn HecyLwen cnocobHOCTU 1
YCTOMYNBOCTU 34aHNSA, HAXOASLLEroCH B 30HE BNUSAHNS BHOBb BO3BOAMMbIX NPOTUBOOMON3HEBBIX
COOPY>KEHWM.

Mpun ycTponcTBe NPOTUBOOMON3HEBLIX MEPONPUSATUI BONN3N CyLLLECTBYHOLLEN 3aCTPOMKN NOMUMO
yBenuyeHns ocagkun dyHagameHta [23]-[25], Heobxooumo yuuTbiBaTb 3arnpeferibHble  YCUnus,
BO3HMKAOLLME B KOHCTPYKLUMSX CYLLECTBYOLWEro 3aaHusa [26]. [ns OUeHKU KONIMYECTBEHHOrO BANAHNS
OblNnM  nNpovsBedeHbl pacyeTbl pPasfUYHbIX BapuaHTOB MNOAMOPHOM CTeHbl. YuCneHHbIi pacyeT
NPOM3BOANIICA HA OCHOBaHMM U3YYeHHbIX MeToauk [27], [28] B nporpammHom komnnekce Plaxis 3D
(https://www.bentley.com/software/plaxis-3d/). Mogenb rpyHTa 6bina BbiOpaHa B COOTBETCTBMM C
pesynbTaTaMn pacyeTa pasnuyHbix mogenen [29], a Takke pekoMmeHgauun [30], yuuTbiBalOLLMX
peann3oBaHHble MOAENM rpyHTa B nporpammHom komnnekce Plaxis 3D. PaboTta 6bina nogeneHa Ha Tpu
atana. Ha «kaxgom aTane 6binv  onpedeneHbl AOMOMHUTENbHbIE OCafdKW, BO3HUKaKLWME B
CywleCTBylOWEM 34aHWMM, a Takke MpousBedeHa oOueHKa W3MEHEHWA YCUMWK, BO3HUKaKLWWMX B
KOHCTPYKLMSAX CYLLECTBYIOLLLErO 3aHNS.

2 Materials and Methods

PacuyeT npowussoguncsa B nporpaMmmHoM Komnrekce Plaxis 3D, npegHasHadeHHOM Ang
TPEeXMepHbIX pacyeToB Aedopmaumm U yCTOMYMBOCTM MPOCTPAHCTBEHHLIX CTPOUTESbHBIX 06BbEKTOB
COBMECTHO C FPYHTOBbIM OCHOBaHWeM. [N HarnsaHOCTU MOMYyYeHHbIX pesyrbTaToB B NPOrpamMMHOM
KOMMIieKce pellanacb ocecuMMeTpuyHas 3agaya.

Xog pacyeTta 6bin nogeneH Ha 3 OCHOBHbIX 3Tana:

1. CrpoutenbctBo 3daHus. Ha pgaHHom 9aTane Obina onpegeneHa MakcumanbHasi ocagka
dPyHOAMEHTHOW NAUTBI, @ TakKe YyCuUnus, Bo3HUKawLwwme B yHOAaMEHTHOW NNMTe, KOMOHHaXxX U
Gankax no nepumeTpy.

2. YCTpOMCTBO MNpPOTMBOOMON3HEBLIX MeponpuaTuid. Ha paHHom aTane 6bina onpefeneHa
AononHuTenbHas ocagka B yHAaMEHTHOW NnuTe OT yCTponcTBa 6ypoHabMBHbLIX CBaW, a Takke
NpoaHanM3npoBaHbl U3MEHEHUS YCUITMIN, BO3HUKAOWNX B (DYHAAMEHTHOW NIMTE, KOMOHHAaxX u
6ankax no nepumeTpy. [poBeaeH cpaBHUTENbHbBIV aHanu3 ¢ npeabiayLWwmnm 3Tanom.

3. Bblemka koTnoBaHa [Ans HOBOro crtpouTenbcTBa. Ha pgaHHom aTane Obina onpegeneHa
AononHuTenbHas ocagka B (PyHOAMEHTHOW MAMTE OT BblEMKU FPyHTa KOTNIOBaHa, a Takke
npoaHanmManpoBaHbl U3MEHEHUST YCUMNUIN, BO3HUKAKOWNX B (DYHOAAMEHTHON MANUTE, KOSIOHHAX W
Bankax no nepumeTpy. [poBeaeH cpaBHUTENbHbBIA aHanNu3 ¢ npeabiayLWwmm aTanom.

KoHCcTpyKTMBHasas cxema 34aHuMA npenctaBnsetT cobOn pamHbl Kapkac, OnuparoLwwuMncs Ha
yHOAMEHTHYIO NAUTY MO €CTECTBEHHOMY OCHOBaHWKO. BepTukanbHble Harpysku OT MnepekpbiTUi
BOCMPUHUMAIOTCA U NepefarTca Ha OCHOBaHME CUCTEMOW M3 Hecylmx /6 purenen, KomnoHH. Lar
HECyLUX 9MeMeHTOB, OMUPaLIMXCA Ha (yHOAAMEHTHYO MAUTY B NPOAOSIBHOM U MOMNEpPeyYHOM
HanpaBneHusax, coctaensetr 5.0 m. CoBmecTHas paboTa NNUT NEPEKPbITUA, pPUrenen, KoroHH
obecneynBaloT MNPOCTPAHCTBEHHYK XXeECTKOCTb 3aaHus. Knacc 6etoHa npuHaT B25. MoHonuTHas
Xenes3obeToHHast pyHOaMeHTHasi NnuTa BbinonHeHa TonwmnHorn 500 Mm. KonoHHbI kapkaca BbIMOSTHEHbI
MOHOMNTHbIE Xene3o06eToHHble ceveHneM 400x400 mm. MnnTbl NEPEKPLITUIN BbINOMHEHbI TONWMWHON 200
MM W3 MOHONMUTHOrO enesobeTtoHa. banku kapkaca (purenb NO NEpUMETPy) — MOHOMNUTHbIE
xene3obeToHHble cedeHnem 400x400 (h) ¢ yyeToM TOMWMHBLI NAUTBI NEPEKPbITUA. 3a4aHne B nnaHe
npegcrtaensieT cobon npoctyto dopmy pasmepamm 10x10 m.

MoanopHas crteHa npeacrasnsetr cobon GypoHabuBHbIE CBaW, NOBEPX KOTOPbLIX BbIMOSHAETCH
MOHONUTHbIN /6 pocTBepk. [locne BbleMKM KOTMOBaHa MO CBasM YycTpauBaeTcs 06nMLOBOYHasA
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MOHOMUTHas x/6 cteHa. bypoHabusHble cBan F820 mm (6eToH B25) ¢ xecTkow 3apenkon cBan B
pocTteepk. nvHa cean — 10.0 m.

Mpon3BoMbHLIN y4acToK rPyHTOBOro mMaccusa pasmepamm 15x30 m. [Npu 3agaHum napameTpos
rPyHTOB Gbina BbibpaHa Moaenb NMMHENHO AeopMmMpoBaHHOro nonynpocTtpaHcTea Mopa-KynoHa.

B kayecTBe rpyHTa MCMOmb30Barnuchb CYrfvHOK TSXKenbl TBepAbIA C OTMETKON H13a nogoLwsbl -7.0
M, mogynem gedopmauun E=23Mna, yoenbHbim cuenneHmnem ¢=0.010MIa, yrnom BHYTpEHHEro TpeHUs
m=8°, a Takke rMuHa nerkas TBepAasi C OTMeTKON Hm3a nogowsbl -20.0 M, mogynem gedgopmaunm
E=11.8 Mla, yaeneHbiM cuennexHvem c=0.030Mna, yrnom BHyTpeHHero TpeHnsa =19°.

Ha puc. 1 npeacrtasneHa pacyéTHasa cxema, BbiNOSIHEHHAs B NporpaMmHom komnriekce Plaxis 3D,
BbicOoTa nognopa rpyHta npuHata 1.0 m, 3.0 m, 5.0 M. PaccTosiHne oT 3gaHus 0O NOANOPHON CTEHbl —
1.0m, 3.0 m, 6.0 M, 9.0 m.
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0.00

-4.00

-6.00

-10.00

-12.00

-14.00

7 | -16.00

| 4 -18.00
X

Puc. 1 — PacuyeTtHas cxema
Fig. 1 — Design model

3 Results and Discussion

Ha nepBom 3Ttane (CTpouTenbCTBO 34aHUA) aKCnepumMmeHTa Obinn onpeaeneHbl NnepemMeLleHns
dYyHOAMEHTHOW NNUTbI OT 3afaHHbIX Harpys3ok no ocu Z. BbluucneHbl ycunud, BO3HUKalOLWWE B
dyHOAMEHTHOW NNUTE, KONMOHHAaX 1 6ankax.
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Total displacements u,, (scaled up 50.0 times)

Maximum value = 0.2784*10-3 m (Element 1830 at Node 744)

Minimum value = -0.02886 m (Element 5626 at Node 7)

[*10-3 m]

Puc. 2 — MakcumarnbHble nepeMeLleHna pacyeTHON Moaenu (ctagus CTPoOUTeNnbLCTBO) No ocu Z
Fig. 2 — Total displacements of design model (construction phase) Z-direction

MakcumanbHass ocaga yHOAMEeHTHOW MNUTbl cocTaBuna u,=-0.02886 m. Huxe npuBegeHbl
N30Mons BblMUCAEHHbIX HopmarnbHbIX yeunun (N), casurarowmx yennun (Q) n nsrndarowmx MOMEHTOB

(M).

Axial forces N2 (scaled up 0.0200 times)
Maximum value = 15.58 kN/m (Element 697 at Node 373)
Minimum value = -67 51 kN/m (Element 665 at Node 25)

L

Puc. 3 — HopmanbHblie ycunusa N2 n N4

Fig. 3 — Normal force N2 and N
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Element 663 at Node 381
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Puc. 5 — Uarubarowmm momeHT M1, M2
Fig. 5 — Bending moment M41, M2
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Axial forces N (scaled up 2.00*10-3 times) Bending moments M, (scaled up 0.0100 times)
Maximum value = 29.04 kN (Element 174 at Node 37) Maximum value = 84.73 kN m (Element 191 at Node 24)
Minimum value = -446.6 kN (Element 179 at Node 6) Minimum value = -40.71 kN m (Element 125 at Node 1057)

Puc. 6 — HopmanbHblie ycunusa N B KonoHHax, usrubarowmm momeHT Mz B 6ankax
Fig. 6 — Normal forces N in columns, bending moment M. in beams

Tabnuua 1. Ycunusa, Bo3HMUKarLWMe B KOHCTPYKLUUSAX 34aHUA Ha NepBOW CcTaauu pacyeTa
Table 1. Forces occurring in the building structures at the first calculation stage

24.84 | 15.58 | 52.40 | 1013.0 | 724.2 | 257.0 | 301.4

1 dyHOaMEHTHast

fnvra 105.2 | 67.51 | 38.52 | 8837 [ 11891 44550 | 90.79
2 | KonoHHbl - - - - . ; ) 29.04 i
4466
84.73
3 | banku - - - - . ; ) _ S0

CornacHo pesynbTaTam pacyeTa Ha NepBov CTaauu IKCNepuMeHTa, MakcumansHas ocagka
dyHOaMEHTHOW MnUTLI cocTaBuna u;=-0.02886.

MakcumanbHble HopMarbHble yeunus B doyHgameHTHow nnute — N1=-205.2 kN/m,
N2=-67.51kN/m. MakcumaneHble casuratowme yennus - Q12=52.4 kN/m, Q23=1013.0 kN/m, Qq3=-
1189.0 kN/m. MakcumanbHble narmdatowme momeHTbl — M11=257.0 KN*m, M22=301.4 kN*m.

MakcumansHoe ycunue, gencrtaytowee B KonoHHax — N=-446.6 kN. LieHTpanbHble KONOHHbI
caMble HarpyXeHHble.

MakcumanbHbIN N3rndaoLWwmm MOMEHT, BO3HUKaOLWMIA B Oankax 3gaHnsa — M>=84.73 kN*m.

Ha BTOpomM 3Tane (ycTpouMcTBO OypOoHabUBHLIX CBal) 3KcnepuMeHTa Obinn onpegeneHsbl
OOMNOSHUTENbHbIE NepemeLlleHns yHaaMeHTHON nnuTbl no ocun Z. lNpoaHannsnpoBaHbl U3MEHEHUS
yCUnni, BO3HMKatoLWwme B OyHOAMEHTHOM NANTE, KONOHHaX 1 6arnkax oT ycTponcTBo 6ypoHabumBHLIX CBaW
Ha paccTosHUK 1 M OT 34aHus.
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Total displacements u, (scaled up 50.0 times)

Maximum value = 0.02463*10-3 m (Element 1895 at Node 748)

Minimum value = -0.03241 m (Element 5626 at Node 7)

Puc. 7 — MakcumanbHble nepeMeLLeHus pacyeTHOM Mmoaenu (ctagusa yCTpoMcTBO cBau) no ocu Z

Fig.7 — Total displacements of the design model (pile installation phase) Z-direction
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[ononHuTtensHoe nepemelLeHme pyHOgaMeHTHON NAnTbI MO ocn Z OT ycTporcTBa 6ypoHabumBHbIX
cBaWl NognopHOM CTeHbl cocTaBuio u,=-0.00355mm (+12.3%). Ha pucyHkax Hvxe npeacTaBrieHbl yCunums
B KOHCTPYKUMNSAX 34aHWS, BO3HMKAIOLLME NPY YCTPOUCTBE NPOTMBOOMON3HEBbLIX MEPONPUATUN.

) N

Axial forces N2 (scaled up 0.0200 times)
Maximum value = 17.23 kN/m (Element 697 at Node 373)
Minimum value = -67.15 kN/m (Element 653 at Node 5)

Puc. 8 — HopmanbHble ycunusa N2 n N4
Fig. 8 — Normal forces N2 and N
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Puc. 9 — Casuratowume ycunus Qqz, Qzs, Qq3
Fig. 9 — Shear forces Q12, Qz3, Q13
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Fig. 10 — Bending moments M4, M
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) i Bending moments M, (scaled up 5.00*10-3 times)
Axial forces N (scaled up 2.00*10-3 times)

Maximum value = 26.87 kN (Element 174 at Node 37) Maximum value = 86.83 kN m (Element 191 at Node 24)

Minimum value = -457.7 kN (Element 179 at Node 6) Minimum value = -53.44 kN m (Element 218 at Node 14)

Puc. 11 — HopmanbHblie ycunua N B KONOHHax, usrmbarowmm momeHT M2 B 6ankax
Fig. 11 — Normal forces N in columns, bending moment Mz in beams

Ta6nuua 2. Ycunusa, Bo3HMKaroWwmMe B KOHCTPYKLUSAX 30aHUA Ha BTOPOM CTaguMm pacyeTta
Table 2. Forces occurring in the building structures at the second calculation stage
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Puc. 12 — U3ameHeHne makCMManbHbIX U MUHUMasbHbIX 3HAY€HUM YCUITUA B KOHCTPYKLUUSAX 30aHUA
MexXAay nepBbIM U BTOPbIM 3TarnoM 3KCnepumMmeHTa

Fig. 12 — Changes in the maximum and minimum value of forces in building structures comparing
the first and second stages of the experiment

CornacHo pesynbTataMm pacyeta BTOPOM CTagum — YCTPOMCTBO OypoHaOMBHLIX CBaW,
AONonHUTENbHas ocagka (yHOAMEHTHOW nnuTbl cocTtaBuna - U,=-0.00355mm (+12.3%), 4TO He
ABNAETCHA KPUTUYHBIM ANS JAHHOW KOHCTPYKLUMM M HAXOAUTCS B pamMKax pekoMeHOauun AenCTBYOLLMX
HOopM. B cBSA3M € Tem, YTO 34aHMe CTPEMUTLCA HAKMOHUTBLCH Breped MPOUCXOAUT He3HauyuTenbHoe
nepepacnpegeneHne ycunui, MmakcumarnbHoe nsmeHeHme Habnogaetca B 6ankax sgaHnss — MOMEHT B
nponete yeBenuuunca Ha 24 %. BcneactBre TOro, YTO M3HadanbHble ycunusa 6binm He Gonblumnmn,
npupaLleHne B 24% Takke He ABMNSETCA KPUTUYECKUM ANSA TaKOW KOHCTPYKUWUW, OOHAKO Mpu pearibHOM
NPOEKTUPOBAHUN N NMPUINOXKEHUN BCEX AEUCTBYIOLWMX HArpy3okK, a Takke CeMCMUYECKMX — npupaLleHue
B 24 % mMoXeT ObITb CyLleCTBEHHbIM. B paMkax AaHHOro akcnepumeHTa Harpysku, AeWCTBYOLME Ha
30aHue, 6binn cBegeHbl K MUHUMYMbI, U MO3TOMY HEOOXOAMMO Y4uTbiBaTb MPUPOCT B MPOLEHTHOM
COOTHOLLEHUM.

Ha TpeTbem 3Tane (BbleMKa TrpyHTa KOT/IOBaHa) 9KCNepumeHTa Obinv  onpegeneHsbl
OOMNONHUTErNbHbIE NepemMeLlleHna yHOAaMeHTHOW nNnNuTbl Nno ocu Z. [NpoaHanusMpoBaHbl U3MEHEHUS
yCcunui, Bo3HuKawLme B (oyHAaMEHTHON NNnTe, KONoHHaxX M 6ankax OT BbIEMKW rpyHTa KOTfoBaHa Ha
BbICOTY — 5 M.

rigem

Total displacements u, (scaled up 10.0 times)

Maximum value = 0.07600 m (Element 5550 at Node 196)
Minimum value = -0.05698 m (Element 5103 at Node 5)

Puc. 13 — MakcumanbHble nepeMeLLeHus pacyeTHON Moaenu (ctagus BbIEMKU FpyHTa) no ocu Z
Fig. 13 — Total displacement of design model (excavation stage) Z-direction

JononHutenbHoe nepemelleHne yHOAMEHTHOW NNUTbLI MO ocu Z OT YCTPOWCTBA KOTMNOBaHa
BbICOTOW 5 M cocTaBuno u,=-0.02457mm (+43.12%). Ha pucyHkax Hwke npeacTaBrieHbl yCunusa B
KOHCTPYKLMAX 30aHUSA, BO3HMKAIOLLME NpU YCTPONCTBE MPOTUBOOMNON3HEBBLIX MEPOMNPUSATUN.
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Puc. 14 — HopmanbHble ycunua N2 un Ny
Fig. 14 — Normal forces N2 and N
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Puc. 15 - Caurarowme yeunusa Qiz, Qz3, Qi3
Fig. 15 — Shear forces Q12, Q23, Q13
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Puc. 16 — Narubarowine momeHTbl M1, M2
Fig. 1. — Bending moments M14, M2z

Axial forces N (scaled up 2.00*10-3 times) Bending moments M, (scaled up 5.00*10-3 times)
Maximum value = 41.91 kN (Element 7 at Node 944) Maximum value = 144.0 kN m (Element 140 at Node 808)
Minimum value = -475.9 kN (Element 179 at Node 6) Minimum value = -106.8 kN m (Element 146 at Node 38)

Puc. 17 — HopmanbHblie ycunua N B KONOHHaxX, usrnbarowmm momeHT M2 B 6ankax
Fig. 17 — Normal forces N in columns, bending moment Mz in beams

Ta6nuua 3. Ycunusa, Bo3HMKaroWwme B KOHCTPYKUUSAX 30aHUSA Ha TpeTben cTagmm pacyeTta
Table 3. Forces occurring in building structures at the second calculation stage

41.91
2 | KonoHHbI - - - - - - - 4759 -
144.0
3 | Banku - - - - - - - - =
106.8
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Puc. 18 — U3ameHeHne makcMManbHbIX U MUHUMasbHbIX 3HAY€HUM YCUITUA B KOHCTPYKLUUSAX 30aHUA
MexXAay nepBbIM U TPETbUM ITArNoM IKCNEepPUMEHTa

Fig. 18 — Changes in the maximum and minimum value of forces in building structures comparing
the first and third stages of the experiment

CornacHo pesynbTatam pacyeTa TpeTbero atana — cpes3 rpyHTa, AOMNOMHWUTENbHas ocajka
byHOAMEHTHOW NNWUTLI cocTaBuna - u;=-0.02457mm (+43.12%). MNepemelyeHne oronoeka ceam no X
coctaBuno ux=0.06095 m.

MakcumanbsHoe M3MeHEeHVEe YCUMNnA B KOHCTPYKUUSIX 34aHUSA NOCNe cpe3a rpyHTa BbICOTON 5 M
coctaBuno +86.2 % - HopmanbHoe ycunve Ni, +80.48 % - HopmanbHoe ycunue Na. [lMpupocT
caoBuraloLmx ycunuin coctasun - +61.5 %, + 45.38 %, + 34.91% cootBeTcTBeHHO Ans Qi2, Qi3, Qus.
HecyLiecTBeHHbIM OKa3arncs NpMpocT nsrnbarLmx MOMEHTOB B dyHAAMEHTHON nnnute M1 n Ma,.

B konoHHax 3gaHusa yBenuyeHune yeunusa coctasuno +30.7 %. o pesynbTatam nepsow ctagum
pacyeTa camble HarpyxeHHble Oblniv nepBble 2 psaa KOSIOHH, OAHAaKO MOCHe BbIMOMTHEHUSA TPeTbero
aTana MMeno MecTo nepepacnpefeneHne ycunun B KOMOHHaxX. Tak Gonee HarpyxeHHble ctanu
nocnegHue 2 psiaa KoroHH, Koraa ycunvme B NepBoM psily KONIOHH COKpaTUnoCh.

B 6ankax, pacnonoXeHHbIx N0 NepuMeTpy 30aHns HabnogaeTcs yBennyeHme MOMeHTa B nponeTte
Ha +62%), Ha onope - +41%.
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JononHutenbHasa ocagka no ocu Z

Puc. 19 — U3ameHeHMe gononHUTenbLHOro nepemMelleHus chyHaamMeHTHOMN NNUTbI No ocu Z B
3aBMCUMOCTMU OT BbICOTbI nognopa rpyHTa (HK) n pacctosiHMo oT 34aH1A Jo nognopHou cteHom (L)
Fig. 19 — Changes in the additional displacement of the foundation slab Z — direction depending on
the height of earth- retaining wall (Hk) and distance between the building itself and retaining wall (L)

PesynbTathl pacdeTa pasnmyHbIX BApMaHTOB YCTPOMCTBA NOLMNOPHOM CTEHbI NOKa3aHbl Ha puc. 19.
CornacHo npeacTaBneHHoMy rpaduky nNpu BbICOTE Noanopa rpyHTa He MeHee 3-X MeTPOB M pacCTOSHUIO
Mexay 3gaHveM u nognopHon L cteHom Gonee 3-x MeTpOB OONOMHWUTENbHAA Ocagka pyHOaMeHTa
3gaHna coctaBuna meHee 10 %, 4TO He ABMSIETCA KPUTMYHbBIM A7151 AaHHOMO TUMa KOHCTPYKLNN.
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Puc. 20 — UsmeHeHne MakCMManbHbIX YCUJTMA B KOHCTPYKLMUAX 34aHUA NMPU BbIiCOTE noAgnopa
rpyHTa Hi=5M n pacctossHuu mexay 3gaHuem v nognopHon cteHorm L =1m, L =3m,L =6Mm, L = 9m
Fig. 20 — Changes in the maximum force values in building structures at the height of earth-
retaining wall H,=5m and distance between the building and retaining wallL = 1m, L =3m,L=6mMm, L =
9m
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Puc. 21 — UameHeHne MakCUManbHbIX YCUITMA B KOHCTPYKLMAX 34aHUA NPU BbICOTe noAnopa
rpyHTa Hi=3M, paccTosiHuio Mexay 3gaHuem v nognopHoun cteHom L =1m,L=3m,L =6m,L = 9m
Fig. 21 — Changes in the maximum force values in building structures at the height of earth-
retaining wall H,=3m and distance between the building and retaining wallL = 1m,L=3m,L=6mMm, L =

M
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Puc. 22 — UameHeHne MakCUManbHbIX YCUJTMA B KOHCTPYKLMAX 34aHUA NPU BbiCOTe noanopa
rpyHTa Hi=1Mm, pacctosiHuio Mexay 3gaHuem v nognopHoum cteHom L =1m,L=3m,L =6m, L = 9m
Fig. 22 — Changes in the maximum force values in building structures at the height of earth-
retaining wall H,=1m and distance between the building and retaining wallL =1m,L=3m,L=6mMm, L =

M

1.

Saryan L.

4 Conclusions

CTpontenbCTBO MOAMNOPHOW CTeHbl BONU3M  CyWecTBYKOLWEro 34aHus  MpuBOAMT K
3HaAYUTEINIbHOMY YBENUYEHUIO OCafku (PyHOAMEHTHOM nNMUTbl, a TakKke YBENUYEeHWUto
MaKCUMarbHbIX YCUITUIA, AENCTBYIOLWMX B KOHCTPYKUMAX 3AaHuA. B oTAenbHbIX cnydasx
yBenuyeHue ycunumn coctasuno 6onee 80%. YuutbliBas TOT hakT, 4TO U3Ha4arnbHO 3gaHve He
6bINO paccyMTaHO Ha Takne Harpysku, CTpOMTENbCTBO NOANOPHON CTEHbI U YCTPONCTBO OTKOCa
6e3 yyeTa BNUSHWS Ha CyLLECTBYIOLLYIO 3aCTPOWKY MOXET MPUBECTU K 3HaYuUTeNbHOMY
maTepuansHomy 1 Apyrum Buaam yuiepba.
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BnusaHue, okasbiBaemoe NogmnopHOM CTEHOW, B Gonbluen CTEeNneHM 3aBUCUT OT UHXEHEPHO-
reofniormyecknx ycroBun NnoLwagku CTpouTenbCTBa, BbICOTbI NOAMNOpa rpyHTa U pacCcTOSHUIO
MeXay yaepXuBaroLUM COOPY>XEHNEM U CYLLECTBYHOLLUNM 30aHNEM.

Ha ocHOBaHuMM pe3ynbTaToB 3KCnepumMeHTa 6bifo BbISBMEHO, YTO NPU BbICOTE NOAMOPHOM
cteHbl Hx <3M n npu pacctosiHum L>3M nNpupocT YCUIMA B KOHCTPYKUMAX 30aHUS He
npesbiwaeT 10 %, 4TO He ABMSETCA KPUTUYECKUM ANs OaHHOro Tuna coopyxeHun. [Mpu
Gonblien BbICOTE MOAMOpPa rPyHTa U MEHbLUEMY pPacCTOSHMIO A0 34aHus Heobxogumo
yYnTbiBaTb [OOMOMHUTENbHbIE YCUNNSA, BO3HWUKAKOLME B KOHCTPYKUMSAX CyLLECTBYHOLLEN
3aCTPOMKM.
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