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NMPOBEOEHUE 9KCMNEPUMEHTANbHbIX UCCNEQOBAHUA MOOENN
APMOIPYHTOBOI'O NOANOPHOIO COOPYXEHUA

K.C. KynaynsiH

FOxxHO-Poccumnckunii rocyaapcTBeHHbIN nonutexHndecknii yHueepeutet (HMNW) nm. M.U. MNnatos.a,
Hosouepkacck, Poccusa

O CTATbE AHHOTALUWA

MonyueHa: 12 anpens 2018 PaccmMoTpeH Bompoc MoAenvpoBaHWs apMOTPYHTOBOIO MOAMOPHOTO COOpYXe-
MpuHsita: 23 anpensi 2018 HUS, NPUMEHSIEMOrO B CTECHEHHbIX YCMOBUSIX FOPOACKON 3aCTpONKM, 0BnMULOBKa KOTO-
Ony6nukoBaHa: 28 ceHTsa6psa 2018 pOro BbINOMHEHAa M3 OTAENIbHbIX NMULUEBLIX 3eMeHToB. OQHUM U3 OCHOBHbIX BOMPOCOB

nccrnefoBaHNa SBMNAeTCS onpeAeneHne onTUMarbHbIX NapaMeTpoB NMLEBbLIX 3IEMEH-
TOB MOAMOPHON CTEHKU, YTO OBOCHOBLIBAET NPOBEAEHNE IKCNEPUMEHTaNbHON paboThl.
ABTOpPOM BbIMOIHEHO MOAENVPOBAHME apPMOrPYHTOBOrO coopyxeHus. [lpuBeaeHbl
napameTpbl OCHOBHbIX 3NIEMEHTOB WCMbITYEMON KOHCTPYKLMU: NULIEBOWA CTEHKM (06mnu-
LIOBKWN), apMOSIeHT, rpyHTa-3acbinku. [oatanHo onucaH mMeTos BO3BEAEHUS MOAenu
apMOrpyHTOBOrO MOAMOPHOIO COOPYXEHUS, ykasaHbl BapuaHTbl ee Harpyxenus. Ons
perucTpauuy ropusoHTanbHbix AedopmMaumin Kaxaoro nMueBoro aneMeHTa B npouecce
HarpyeHusi UCNonb3yoTca nHAnkaTopbl Yacosoro Tnuna NY-10. CteneHb ynnoTHeHUs
necka npu Bo3BeAeHNN MoAeny nsaMmepseTcs ¢ nomoLlpeio nnotHomepa 0. H. Myp3aeHko.
B kavecTBe maTepuana ncnonHeHns mogenu 6eina npuxata MNBX-tkanb Unisol. OnbiThl
nposogunuce Ha kadeape MNrcrud KOPITY (HMW) nm. M.WU. MNnatosa B noTke nno-
ckon gedopmauuun, BbIMONIHEHHOM W3 OpPraHMYecKkoro cTekna ¢ pasmepamu paboyero
npocTtpaHcTea 0,8x0,1x0,6 M. Pe3ynbTaThl UCNbITaHWI BHOCSATCA B TabnuyHyto dopmy,
rae pervcTpupyroTcs: BpeMs NpoBeAEeHUS OnbiTa; NMNOTHOCTb OCHOBAHUSA U 3acbInku p;
BCEe reomeTpuyeckMe napameTpbl MOAENW; NokasaTenu nepemeLleHus nuueBbiX ane-
MEHTOB 1 Apyrve HabniogeHVs o xoAe akcnepumeHTa. Lienbio npoBoauMbIx nccneno-
BaHWI sBNseTCA nonyyeHWe Haubonee [OCTOBEPHOro MOBEAEHWUS apMOrpyHTOBOrO
NMOANOPHOro COOPYXXEHUSA C y4eTOM PasfnYHbIX AMWH BEPTUKaNbHBIX U TOPU3OHTarnbHbIX
YyYacTKOB IMLIEBbIX 3MIEMEHTOB MPU PasHblX BapuaHTax HarpyXeHus B COOTBETCTBUM
c nateHTom Ne 2604933 «YCTPOWCTBO 3alUMTHON CUCTEMbI FOPOACKOW 3acTPONKU W
cnocob ee Bo3BefeHUs».
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CONDUCTING EXPERIMENTAL INVESTIGATIONS OF MODEL
OF REINFORCED EARTH STRUCTURE

K.S. Kundupyan

Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russian Federation

ARTICLE INFO ABSTRACT

Received: 12 April 2018 In this article, the issue of modeling a reinforced earth retaining structure, facing of
Accepted: 23 May 2018 which is made of individual face elements, is used in the cramped conditions of urban de-
Published: 28 September 2018 velopment. One of the main issues of the current dissertation research is the determination

of the optimal parameters of the facial elements of the retaining wall, which justifies the con-

Keywords: duct of experimental work. The author performed simulation of a reinforced earth structure.
reinforcing soil, face element, rein- The parameters of the main elements of the tested structure are given: the front wall (lining),
forcing tape, backfill, soil, modeling, reinforcing tapes, ground-backfilling. The method of erecting a model of a reinforced earth
instruments, equipment. retaining structure is described step by step, and variants of its loading are indicated. To

record the horizontal deformations of each face element during the loading, indicators of the
watch type IC-10 are used. The degree of compaction of sand during the construction of the
model is measured using a density meter Y.N. Murzenko. As a material for the execution of
the model, PVC cloth Unisol was adopted. Experiments are carried out at the Department of
ICEGaF SRSPU (NPI) name of M.I. Platov in a flat deformation tray made of organic glass
with working space dimensions of 0.8x0.1x0.6 m. The test results are entered in the tabular
form, where: the time of the experiment is recorded; density of base and backfilling p; all
geometric parameters of the model; indicators of displacement of facial elements and other
observations on the course of the experiment. The aim of the conducted studies is to obtain
the most reliable behavior of the reinforced earth retaining structure taking into account the
different lengths of the vertical and horizontal sections of the face elements under different
loading options in accordance with the patent No. 2604933 «Design of the urban security
system and the method of its erection.».

© PNRPU

B coBpeMeHHOI CTPOUTENBHON MPAKTUKE NIMPOKOE PACIIPOCTPAHEHHUE MOTYUHIIa KOHIIEIHS
apMupoBaHusl TpyHTa. K OCHOBHBIM HalpaBJiEHUSAM €€ UCIOJIb30BAHUS MOKHO OTHECTU: YCTPOM-
CTBO TOAMOPHBIX CTEHOK, ()YHJaMEHTOB COOPY>KEHUI, OCHOBaHUH J10pOT, YCTOEB MOCTOB, Oepe-
TOYKPEMUTEIbHBIX KOHCTPYKLMH, COOPY’KEHUN BOEHHOIO HA3HAYEHHUS U T.J1. TakKe MPUHLIMIIBI
ApMUPOBAHHS 'PYHTA IPUMEHSIOTCS TS PELICHHS 33189 OXPAHbI OKPYKAIONIEH CPeIbl’ [1-8].

B naHHON cTaTbe aBTOPOM paccMaTpUBAaeTCs apMOTPYHTOBOE IOJINOPHOE COOpY>KEHHE
C BEpTHKAJILHOW CTEHKOM, OOJIMIIOBKA KOTOPOTO COCTOUT M3 OTAEIbHBIX JIHMIIEBBIX 3JIEMEHTOB.
K 0011110BKE KpEmsATCs: apMOJICHTBI, YCPKHUBAIOIIUE COOpYKEeHue B rpyHTe [9—11].

OnHUM 13 OCHOBHBIX BONPOCOB IMPOBOJAMMOIO MCCIEAOBAaHUS SBISETCS ONpPEIEICHNE OINTH-
MaJIbHBIX [1aPaMETPOB JMIIEBbIX 3JIEMEHTOB MOANOPHON CTEHKH, YTO 0OOCHOBBIBAET MIPOBEACHUE
HKCIEPUMEHTAIBHOI paboThI.

ABTOPOM BBIIIOJIHEHO MOJEJIIMPOBAHUE APMOTPYHTOBOTO COOPY>KEHHUS, COCTOALLIETO: U3 JIU-
LIEBBIX AJIEMEHTOB, ApMOJIEHT, I'pyHTa-3achinku [12]. Cxema Mozenu npuBeeHa Ha puc. 1.

Jlis HaTyphl ¥ MOJIENU COOIIOAIOTCS CIIEAYIOUINE TEOMETPUUECKUE KPUTEPUH TOA00US:

HH ana,n hna,H bﬂ3,H _ la,M _ ba,M _ SV,H _ Sh,M _
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rae Hy;, H, — nosHas BeICOTa MOAMOPHOTO COOPYKEHHUSI COOTBETCTBEHHO JIJIsI HATYPHI U MOJIEIIH;

' OJIM 218.2.027-2012. Meronuueckue PeKOMEHIAIMH O PAacueTy M IPOSKTHPOBAHMIO APMOIPYHTOBBIX
TTOIOPHBIX CTEH Ha aBTOMOOMIIBHEIX oporax / Pocaromop. M., 2014.
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Ao, Ay — JUTMHA JIMLIEBOTO 3JIEMEHTA COOTBETCTBEHHO JJISl HATYPBI U MOJEIIH;

Nys.u; M — BBICOTA JIMIIEBOTO 3JIEMEHTA COOTBETCTBEHHO JIJIL HATYPbl U MOJIEIIN;

by by — JJIMHA TOPU3OHTAIIBHBIX UM BEPTUKAJIBHBIX YYACTKOB JIMIIEBOTO 3JIEMEHTA COOT-
BETCTBEHHO JIJIsI HATYPHI U MOJICTIH;

lay; Ly — TMIHA APMOJIEHT COOTBETCTBEHHO ISl HATYPBI U MOJIEIH;

by bay — LIMPUHA APMOJIEHT COOTBETCTBEHHO 1711 HATYPhI U MOJIEIH;

Syu; Sym — BEpTUKAIBHBIN 1Al apMOJICHT COOTBETCTBEHHO JJIL HATYPbI U MOJIEIIH;

Sh.u; Shou — TOPU30HTANBHBIN IIAI APMOJIEHT COOTBETCTBEHHO ISl HATYPBI U MOJIEIH;

0, — TEOMETPUYECKHUI MacIITa0.

Jlunessie TopuzoHTaNBHBIE
3JIEMEHTHI APMOJICHTBI
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Puc. 1. Cxema Moenu apMOTPYHTOBOTO TIOJIIIOPHOTO COOPYKEHUSI:
a — ToTiepevHoe CeueHue MoIenH; 6 — cedenue 1—1
Fig. 1. Scheme model reinforced ground retaining structures:
a — cross section of the model; b — section 1-1

OmnpiTel ipoBomunch Ha Kadeape [MI'CT'ud IOPTTIY (HIIN) um. M.U. IlnatoBa B jm0TKE
IUIOCKOH J1e(hopMalivy, BBIIOJHEHHOM M3 OPTaHMYECKOro CTEK/Ia ¢ pasMepamu pabouero mpo-
ctpanctBa 0,8x0,1x0,6 M. B kauecTBe rpyHTOBOIO OCHOBAaHMS M 3aCBIIIKM apMOTPYHTOBOIO CO-
OpPYXXEHHS HCIIONB3YETCsl CYXOW MECOK CO CIEAYIOIMMMHU (PU3NKO-MEXaHWUYECKHMMHU XapaKTepu-
CTHUKaMU: yrojl BHyTpeHHero Tpenus ¢ = 40°; cuermnenue ¢ = 0,005 MIla; moxyns nedopmarun
E =31,4 Mlla; ynenbnsiii Bec y = 17,4 kH/m? npu ko3¢ dunrente nopucroctu e = 0,53.

Jlnst uccnenoBaHys 3aBUCHUMOCTH TOPU3OHTAIIBHBIX Je(OopMalnii, MPOUCXOASIINX B COOPY-
KEHUU TPU €ro Harpy>KeHUH, OT JUIMHBI TOPU30HTAIbHBIX M BEPTUKAJIBHBIX YYaCTKOB JHMIIEBBIX
3JIEMEHTOB by, OBLIN MPHUHSTHI CIEAYIOLUIUME pa3MepPbl UCIIBITYEMOM MOJIENH: AJIMHA U BBICOTA JIH-
LEBBIX AJIEMEHTOB dy, = hy, = 100 MM, JyIMHA TOPU3OHTAIBHBIX U BEPTUKAIBHBIX YYaCTKOB by,
cocrasisger 10, 30 u 50 mm. OO11ast BEICOTa HATYPHOW KOHCTPYKIMU NMPHUHSTA 10 3 M, a JUIs MO-
nenu oHa coctasisieT H = 300 Mmm. ApMosieHThl npuHATH ¢ mupuHoi 0,5b, = 10 MM, qnuHON
l, = H = 300 MM, BepTUKAJIbHBIM U TOPU30OHTAIIBHBIM marom S, = S, = 100 mm. B kauectBe maTte-
pHaia MOJIeNH JIMIIEBBIX dJIeMeHTOB U apmosieHT npuHsaTa [IBX-tkanp Unisol kopeiickoii komma-
aun Hanwha ¢ miotroctsio 630 r/m” [13, 14]. O6paserr MOAE/H 3EMEHTOB MOANOPHON CTCHKH
IIPE/ICTABIIEH HA pUC. 2.

[Tops 10K BBINONHEHUS OMBITOB CIEAYIOLIUH:

1) moaroraBnuBaeTcss TPyHT OCHOBAHUS JUIS COOPYIKEHUS, 3aT€M IPOBOJIUTCS €r0 YIUIOTHE-
Hue (puc. 3, a);
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a 0

Puc. 2. Mogenb 31eMeHTOB MOANOPHON CTEHKH: @ — OTACIbHBIN JIULIEBOU 3JIEMEHT:
1 — cTeHka; 2 — BEpTUKAIBHBIN y4aCcTOK JIMIEBOTO IEMEHTA; 3 — TOPU30HTAIBHBIN
Y4YacTOK JIMLIEBOT'O 3JIEMEHTA; O — COOpaHHAask MOZEIb U3 TPEX JIHULEBBIX IEMEHTOB
1 BOCBMH apMOJICHT: | — JIMLIEBOW 3JIEMEHT; 2 — apMOJIEHTa
Fig. 2. Model elements of the retaining wall: a — a separate front element: / — wall;
2 — vertical portion of the front element; 3 — horizontal portion of the front element;
b — assembled model of the three front elements and eight reinforced tapes:
1 — front element; 2 — reinforced tape

2) ycrpanBaeTcst onaryOka, KOTopast HCKITIOYHT MEpeMEIIeHHUs TIOAIOPHON CTEHKH BO BpEeMs
YIUTOTHEHUsI TPYyHTa 3achIKU (puc. 3, 0);

3) ycraHaBIMBaETCS MOJIENb COOPYKEHU (CM. pHc. 3, 0);

4) BBIMIONTHSAETCA 3achInKa cinoeB o 100 MM ¢ TOCIeaYIONMM UX yIIoTHEHHEM (puc. 3, 6, 2);

5) COBMECTHO C 3aCBINKOM YKJIaIbIBAIOTCS apPMOJICHTHI U B MECTaX UX YKJIAIKU MPOCHIIAeTCs
TOHKHI CIIOM IBETHOTO IIECKa;

6) mociie BBINOJIHEHHUsI 0OpaTHOH 3aChIIIKM YCTaHABIUBACTCS LITaMII C HAYaJIbHOW Harpy3kon
IUTSL BKIIFOYEHUS B pa0OTY BEPXHETO CIIOSI apMOJICHT (pHC. 3, 0);

7) BBINIOTHSACTCS CHATHE ONATyOKH M YCTAaHOBKA M3MepUTENbHBIX mpudopos (MY-10) k mwme-
BBIM 2JIEMEHTaM (CM. pHc. 3, 0);

8) IpoBOAUTCS paBHOMEPHOE HArpyXXeHHe MoJenu M (uKcauus MOKa3aHWH MpuOOpOB
(puc. 3, e).

3arutaHMPOBaHO TPOBEJICHUE MIECTH CEPUI MCIBITAHUH, B KOTOPBIX MIEPBbIC TPU MPOBOISATCS
C UCIIOJIb30BaHUEM PABHOMEPHO-PACIIPEICIIEHHON HArpy3KH 110 BCEH JUTMHE apMOJIEHT C ITOMOUIbIO
mramna ¢ pazmepamu 300x100 MM, B CIEAyIOIIUMX TPEX CEPUSIX — COCPEIOTOYCHHOM Harpys3Ku
c momonipto mramma 50x100 mm. ['opusoHTanbHBIE HedOopMaIK KKIOTO JIMIIEBOTO 3JIEMEHTA
B IIpoIIecce HarpyXeHus GUKCUpPYIOTCs MHIUKaTopamu yacoBoro tumna NY-10 (puc. 4, a), koTopblie
MO3BOJISIIOT PErUCTPUPOBATh M3MEHEHUs1 ¢ TOYHOCTHIO A0 0,01 Mm. CTeneHb YIUIOTHEHUS TEecKa
NPpY BO3BEICHUHM MOJEIH H3MepsieTcsi ¢ momombsio miotHomepa FO.H. Mypsenko (puc. 4, 6).
B nporiecce nccnenoBanuii mpuMeHsieTcst MeTO (POTOMETPHH.

Pe3ynbraThl HCIIBITAHUI BHOCATCS B TAOMMUHYIO (hOpMY, TJI€ PETUCTPUPYIOTCS: BPeMs IpO-
BEJICHUS OTIBITA; IUIOTHOCTh OCHOBAHUS M 3aCBHINKH P; TEOMETPHUECKUE IMapaMeTpbl MOAETH Hy,
Aoy My Brsy Loy Doy Sy, Sp; TIOKA3aTENN MEPEMEIIICHUS JTUIEBBIX 3JIEMEHTOB M JPyTHe HAOIIOICHUS
0 XO/JI€ SKCIIEPUMEHTA.
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0 e

Puc. 3. Dranbl BbIMONIHEHNS SKCIIEPUMEHTAIBHBIX UCCIEI0BAHUN: @ — MOATOTOBKA OCHOBAHMUS, OIPEAEIe-
HHE YIUIOTHEHUs [IECKa; 6 — YCTPOICTBO ONaTyOKH M yCTAHOBKA MOJIEIIH; 6 — 3achlKa cinoeB 1o 100 MM,
UX YIUIOTHEHHE U OIIEHKa Ka4eCTBAa YIUIOTHEHHS; & — 3aBEPIUIEHHE YCTPOICTBA 3aCHIIKH; J — YCTAaHOBKA
HITamna ¢ Ha4ajabHOM Harpy3Koi, chbeM onalyOKu M yCTaHOBKa HHAMKATOPOB YacOBOI'O THIIA; € — IPOBe-
JICHHUE HArPy>KEeHUsI MOJCIH COOPY>KEHHS, perucTpalys oKa3aH!i mpuoopoB
Fig. 3. The steps of the experimental studies: a — preparation of substrate, determination of the compaction
of the sand; b — the timbering device and installation of the model; ¢ — filling layers for 100 mm and seal
and assessment of the quality seal; d — is the completion of the filling device; e — installation of stamped
with the initial load, removal of formwork and the installation of the gauges; f — carrying out loading
model structures, check readings
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Puc. 4. I1pubopsl, 1crons3yeMble IPH POBEACHUH UCCIIEI0BAHNI apMOTPYHTOBOTO
MOATNIOPHOTO COOPYKEHUS: @ — MHAUKATOp YacoBoro tuna MY-10;
0 — paspes motHoMepa FO.H. Myp3zenko
Fig. 4. The instruments used in conducting research armagroservice retaining structure:
a — a dial gauge ICH-10; b — section of the densitometer Yu.N. Murzenko

Ha ocHoBaHNYM POBOIUMBIX UCTIBITAHUN TUIAHUPYETCS MOMYYUTh KapTUHY Hanboee 10CTo-
BEPHOTO TIOBE/ICHHUS APMOTPYHTOBOTO MOJIIOPHOTO COOPY)KEHHSI C YY€TOM pPa3HBIX IJIMH BEPTH-
KaJIbHBIX U TOPU30HTAIBHBIX YYACTKOB JIMLEBBIX 3JIEMEHTOB MPHU PA3TUYHBIX BapUaHTAX 3arpy-
KEHUs B COOTBETCTBUHU ¢ aTteHToM Ne 2604933 [10].
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