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AHHOTANUA

B crarbe oTMeuena HemocTaTO4YHas MPOIYCKHAsl CIIOCOOHOCTh aBTOMOOWJIBHBIX JOPOT CTPaHbI,
TpeOyromas 3HAYUTEIBHBIX O0BEMOB PEKOHCTPYKIMU. OTHUM U3 BapHUAHTOB COKPAIICHUS
IO e TSI CTPOUTENIBCTBA PA3BA30K MOKET OBITh MPUMEHEHHE TTOIOPHBIX CTEH.

Jl51s 000CHOBaHUSI MX HCIIOJIB30BAHUS IPUBEACHO MCCIIEI0OBaHIE HANIPSKEHHO-1e(hOPMHUPOBAHHOTO
COCTOSIHMSI HAChIIM M3 MECYaHOro TPyHTA C 3aMEHOM OTKOCa MOJANOPHOM CTEHKOM C IIeNbI0
COKpaIlleHHs TUIONIaN CTPOUTENILCTBA.

PacuéTpl BBINIONHEHBI MYTEM MOJAEIUPOBAHUS METOJIOM KOHEUHBIX 3JEMEHTOB C MCIOJb30BaHUEM
nporpammuoro komruiekca PLAXIS 2D.

st obecrieueHnsi 0ObEKTUBHOCTH MCCIICIOBAHNN YCTAHOBIICHBI TPAHUYHBIC YCIIOBUS, OMIPEACIICHBI
T€OMETPUUYECKHE pa3Mepbl MOJIETH, TMoJ00paHa MoOJAENb TpPpyHTa W THI €€ IOBEICHUS.
[Ipoananu3upoBaHo pacnpesesieHne HanpskKeHUi 1 qedopMaruii B HaChIIH.

OrnpeneneHbl 30HbI MAaKCUMAJIbHBIX CMEUIEHUN M OTMEUYEHO NPEJEIbHOE COCTOSHHE MOBEPXHOCTHU
HAaChIIM HAa KOHTAKTe CO CTEHKOM U TPyHTa OTKOCA.

Knioueswie crosa: HACBIIIb, IOATIOpHAaA CTCHA, MOJACIIMPOBAHUC, Ile(bOpMaL[I/II/I TpPYHTA, HAIPSAXKCHUS.
Teopml U ME€TOAbI UCCJICI0BAHUA

TpancnoptHas cets Poccun ¢popMupoBaBiascs B OCHOBHOM BO BTOPOM MOJIOBHHE MPOIIJIOTO BEKa,
K HACTOSILEMY BPEMEHM IPAKTHUECKH MOJHOCTHIO HCUepraiga CBOM BO3MOKHOCTH. OCOOEHHO
OCTpO 3Ta MpoliIeMa UMEET MECTO B HACENEHHBIX MYHKTaX, MOCKOJIbKY KOJHMYECTBO TPAHCIOPTHBIX
CpeAcTB pacTéT 3HauuTenbHbIMH TeMnamu. [lostomy B Poccuiickolt ¢enepaunn mnpuHsATa
IIporpamMma Io CTPOUTENBbCTBY HOBBIX U PEKOHCTPYKIUU CYILECTBYIOIIMUX JOPOT.

OnHako  yBelIMYEHHE  NPOMYCKHOW  CHOCOOHOCTM ~ aBTOMOOWJIBHBIX — JIOPOT  CBSI3aHO
C HEOOXOAMMOCTBIO BO3BEJCHMS TPAHCIIOPTHBIX PA3BS30K, MYTEHNPOBOJOB, MOCTOB U T.N. B 3TOM
citydae MmoTpedyercss yCTPONCTBO HACHITICH, UYTO CBSI3aHO C MOTPEOHOCTHIO HOBBIX IUIOMIAACH IS
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crpoutenbcTBa. Ha Tepputopum TroposoB 3T0 MOTpeOyeT OTUYXICHHS 3€Melb, HaXOJSMIUXCS
B II0JIb30BAHUN OPTaHU3aLMI U HACEIICHUS.

3HAYUTEIBHOMY CHIKEHUIO IUIOINAAEH /Ui yCTPONCTBA HACKIEH MOXKET CIIOCOOCTBOBATH IIMPOKOE
IIPUMEHEHHE NOINOPHbIX CTeH. Hanmbosiee SKOHOMHUYHBIMH C TOYKHM 3pEHMsSI MaTepUalIbHBIX
U (UHAHCOBBIX 3aTpaT, SIBJIAIOTCA TOHKHME IOANOpPHbIE CTeHKH. OpHako a1 oOecreueHHs
uxX Han&KHOCTH TpeOyercss THIaTeNbHas OLEHKA HaNpsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS
(HAC) naceimu U cTeHBI, KOTOpass MOKET ObITh BBIMOJHEHA MYTEM MOJCIMPOBAHUS B IUIOCKOU
IIOCTAaHOBKE 3aJIa4H.

[lo Hamemy MHEHMIO, JUI ATOrO L€JIeCO00pa3HO UCHOIb30BaTh NporpaMMHbIi komimieke PLAXIS
2D, no3Bonstoumii ocymecTBisATh oueHky HJIC rpyHTOBOro maccuBa MOJEIMPOBAHUEM METOIOM
KoHe4HbIX 31eMenToB (MKD) [1-3].

B kauecTBe npumepa NpOBENECHO UCCIENOBAHUE MOJEIN HACBHIIN C MOATOPHONW CTEHKOH BBICOTOM
10 M, 3arnyOneHue B TPyHT HNPUHATO 2 M. JUlId Pacdy€ToB NMPHUHATA YIPYrollacTUYecKas MOJEIb
ynpouHnsmomierocs rpynta Hardening soil. Tunm moBeneHuss Martepuana yctaHoBjieH Drained,
KOTOPBIM XapaKTepU3yeT MOYBbI, 00ECIEUNBAIOIINE YMEPEHHBIN CTOK BOJbI 0€3 00pa3oBaHUs YK,
3aCTOEB U 3a00J1a4MBaHUS.

@dopma HachlIM TpaneuueBUAHAsI C FEOMETPUUYECKUMH pa3MepaMH HUXKHEro OCHOBaHUS — 19 M,
BepxHero — 10 M, yroa orkoca coctasiisul — 41°. OCHOBHBIE pa3Mephbl MOJIEIH MPUHATHI C TAKHM
pacu€roM yTOOBI MOJISI HANPsDHKEHUH U aedopmanuii He gocTuranu e€ rpaHui. Ytodsl obecrnednTh
FEOMETPUUYECKYI0  HEM3MEHSEMOCTb  HIDKHSSI  TpaHMIla  MacCHBa  TIpyHTa  3aKpeluieHa
B FOPU30HTAJIILHOW U BEPTUKAJIBHOHN IJIOCKOCTH, a OOKOBBIE TOJIBKO B FOpU30HTANbHOW. Harpyska
Ha Haceilb npuHATa — 5 Klla. MexaHudyeckue XapakTEpUCTUKM TIPyHTa HAChIIU IPHHATHI
CIIEAYIOIIME: YroJl BHYTPEHHEro TpeHus ¢ = 32°; Moayiab AegopMaluu B CTaOMIM3UPOBAHHOM

cocrostann ET¢ =40000 kH/M>.

oed

ITosry4yeHHbIE pe3yabTaThl U UX 00CyKACHHE

Pacyer BbImoNHEH ¢ yué€TOM COOCTBEHHOTO Beca IpyHTa U OETOHHOW CTEHBI, a TaK)Ke MPUHATOU
BHEITHEH Harpy3ku. AHaJIN3 pe3yabTaToB pacuéra mokas3ani, 4To Haubosbiue aedgopmaiuu (puc. 1)
HaOMIOAIOTCS HAa KOHTAaKT€ BEPXHEM KPOMKH CTEHKH W TOBEPXHOCTH HACHIIA WU COCTAaBUIIU
0, 043 M, TO €CTh CMEILICHUS HE TOCTUTAIOT KPUTUUECKUX 3HAUCHUH.

PaccmaTpuBasi pacnpeneneHue TJIaBHBIX S()(QEKTUBHBIX HaNpsoKeHUH (pUC. 2) OTMEYEHO, 4TO
HauOOJIBIIE CKUMAIOIINE 3HA4YCeHUsI cocTaBisitoT 1423 klla, 4To 3HAYMTENHHO MPEBBHINIACT
JOMyCTHMBIE A necka. OHAaKO MaKCUMalbHbIE 3HAUECHUST HAOMIOJAI0TCS B TIIyOMHE MacCUBa U HE
BBI3BIBAIOT BHIMYYMBAHUS TPYHTA, YTO MOXHO HAONIOJATh MO PACIPEACTCHUIO 30H MpeIeIbHBIX
nedopmaruii (puc. 3).

Ha pucynke 3 KOHEUHBIEC STIEMEHTHI C KPUTHUECKUMU JIe(hOpMaIlisIMiA OTMEYEH KPACHBIM I[BETOM U
HaOII0JAI0TCS Ha YPOBHE MOBEPXHOCTH HACHINU WM MOJIOPHON CTEHKH, a TaKXKE B 30HE 3aJEITKU
CTEHKH B MAacCUB rpyHTa. [[pUHSTHINA yroa oTKOCa SBISETCS MAaKCUMAJIbHO BO3MOYKHBIM, TTIOCKOJIBKY
HMMEETCS 30Ha C MPeIeIbHBIM PAaBHOBECHBIM COCTOSIHUEM YaCTHII MECKA.
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Total displacements |u| (scaled up 20,0 times)
Manomum value = 0,04262 m (Blement 480 at Node 74)

Puc.1. U3omons cMerienuii moAnopHoil CTEHKH U TPYHTOBOTO MaccuBa (pa3padoTaHO aBTOPOM)
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Maxmum value = 0,4797 k/m? (Element 792 at Node 2081)
Minimum value = -142,9 kiN/m? (Blement 519 at Node 5134)

Puc. 2. Paznenenue n3onosei HanpspKeHUH B MoiesH (pa3paboTaHO aBTOPOM)

BrmmonHeHHBIC HUCCIICAOBAaHUA IOKA3bIBAIOT BO3MOKHOCTH HCIIOJIB30BAHHWA BBICOKHX MOANOPHBIX
CTCH IJId obecneueHus YCTOfIqHBOFO COCTOSAHHA FPYHTOBOI\/’I HACBbIIKU, YTO ITO3BOJIUT COKPATUTH
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OTUYKACHUC 3C€MCJIb 1104 CTPOUTCIBLCTBO. Bwmecte ¢ Tem H€06XOI[I/IMO OTMCTHUTD, YTO IPHUHATHIC
ITCOMETPHUYCCKUEC TMMapaMETPhl HACBIIIK SBJIAIOTCA MPCACIBbHBIMU IS IMPUHATBIX XapaKTECPHCTHUK

TpyHTa.

Konduukrt naTepecon

ABTOpPBI CTaThbu 3asABISAIOT, YTO Y HUX HET KOH(IIMKTAa MHTEPECOB IO MarepuanaM JaHHOH CTaThu
C TPETHUMHU JIMIIAMU HAa MOMEHT IIOAA4YU CTaTbU B PENAKIUIO KypPHAJIA, © UM HUYETO HE U3BECTHO
0 BO3MOXKHBIX KOH(IIUKTaX HHTEPECOB B HACTOSIIEM CO CTOPOHBI TPETHHX JIUII.
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Plastic points (scaled up 0,00 times)

Puc. 3. 3oHBI hopMupoBaHUs IPEAEIBEHBIX eOopMannii B MACCUBE TPYHTA U HACKHIITH
(pa3paboTaHo aBTOPOM)
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Study of the stress-strain state of soil embankments
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The article notes the insufficient capacity of the country's highways, which requires significant
amounts of reconstruction. One of the options for reducing the area for the construction of
interchanges may be the use of retaining walls. To justify their use, a study of the stress-strain state
of an embankment made of sandy soil with the replacement of the slope with a retaining wall in
order to reduce the construction area is given. The calculations were performed by finite element
modeling using the PLAXIS 2D software package. To ensure the objectivity of the research,
boundary conditions were established, the geometric dimensions of the model were determined, the
soil model and the type of its behavior were selected. The distribution of stresses and deformations
in the embankment is analyzed. The zones of maximum displacement were determined and the
limiting state of the embankment surface in contact with the wall and the slope soil was noted.

Keywords: embankment, retaining wall, modeling, soil deformations, stresses.
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