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EXPERIMENTAL STAND FOR RESEARCH JET-GROUTING TECHNOLOGY
OF ROCK

Hydro-technology experimental have made stand by Tula state university scientists.
Technical parameters and mane view are present.
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AHAJIMTHAYECKHAN 1 'IHCJ[[EHHBWI METO/JBI PACUETA
IIOA3EMHBIX COOPYXXEHVM: CPABHEHHUE PE3YJILTATOB

Paccmampusaemes nanpacennoe cocmosnue dsyx keadpammnwix xoney, nooxkpen-
AAIOUUX OMEEPCIMUA 6 YNPY20ii 6eCOMOTE NORYRNOCKOCMU HpU delicmeuu KA yuacmke ee 2pa-
Huybl pasHomepHo pacnpedenernoil epmuxansioti Hazpysku. Ilposedeno cpasmenue nanps-
JCEHUl HA KORMYpPAx Koney, NOMYHEHHBIX C UCNONbIOGAHUEM AHANUMUMECKO20 Memodd
pacyema u SUCeHHo20 MOOEAUPOBAHUA MEMOOOM KOHEYHIX INEMEHMOB.

Kniouesvie crosa: oboemxu monneneil, Modenuposanue, nanpsicennoe cocmosHue,
CpasHeHye, aHANUMUYECKUtl Memoo, Memood KOREYHBIX INEMEHMOE

HucneHHoe MOJIETHPOBAHHE M aHATMTHYECKHME METOEI pacyeTa HIKPOKO
HCIIONIB3YIOTCA MPH ONpe/EIEHHH HAMPSHKEHHOTO COCTOSHMA IOX3EMHBIX CO-
OpYXXCHUH pa3IM4HOro HasHaucHHWA. IIpuMepaM pacueTa MOJ3EMHEIX 0HBEKTOBR
C NOMOINBIO YKa3aHHBIX METO/IOB IOCBSAIIEHO JOCTATOYHO MHOTO paGoT, ropas-
HO pexe BCTPEHAOTCs NyOIMKALMH, B KOTOPBIX IIPHBOASTCA CPABHEHHS PE3yIib-
TaTOB pacyeTa, MOJYIEHHBIX C HCIIOJIb30BAaHHEM Pa3sHEIX METOZOB.

B pa6ote [1] aBTOpBI CpaBHMBAIOT HaNpsKEHHA B 0GHelKe KpYTOBOro
TOHHEJI, ONpe/e/IeHHbIe 1o MeToxaM Mowup - Byna [2], Kepruca [3] u ¢ nomo-
IBI0 MCTOAA KOHCHYHBIX JJICMEHTOB. BeNMYMHBI HanpspKEHMH, MOMyYEHHBIE C
NOMOLIBIO PAa3HBIX METOJOB, OT/IMYAIOTCH B HECKOJIBKO pas3, YTO, YYHTHIBAS CO-
BPEMCHHBIH YPOBCHB Pa3BUTHA YHCICHHBIX METOMIOB, MAJIOBEPOSTHO. B cTaThe
[4] npuBOnsATCA pE3yNBTATH CpaBHEHHA 3aBUCHMOCTEH MaKCHMATBHEIX Hanps-
KCHHH, BOSHAKAIOIMHUX B 06/eJIKe TOHHEISI HEKPYTOBOTO ONEPEIHOrO CEYEHNH,
OT TOJIIKMHBI OOMEIKH H 30HBI YKPEILICHHBIX MOPOJ, MOMYYEHHBIX ¢ UCTIONb30-
BaHHEM YHCJIEHHOTO MOZEIMPOBaHMS H METO/a KOHEYHBIX >JeMeHTOB. Ilo-
CKOJIEKY CpaBHMBAIOTCSA TOJBKO MAaKCHMAJIbHBIC HAIPSHKCHHs, OTIPENE/IMTh Ka-
YECTBCHHOC pa3iMiHe Pe3y/IbTaTOB pacdeTa JOCTATOYHO CJIOIKHO.
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B HacToslIel cTaThe MPUBOAATCA NMPUMEPHI ONPEICICHHA HANIPDKEHHO-
ro COCTOSHHMSA ABYX IapaJUiesIbHBIX TOHHE/IEH KBaJpaTHOTO MOMNEPEYHOTO cede-
HHS, PaclofIOXKEHHBIX Ha HeOoibuIol riybuHe, nMpu JeHCTBHH COGCTBEHHOTO
Beca rPYHT2 M paBHOMEPHOMH MPSAMOYTOJIPHOH Harpy3kM Ha roBepXHocTH. Ha-
NpsDKEHUsE OTIPECIIATIMCE U3 PEIICHNs IUIOCKHX 3aJa4 TCOPUM YTIPYTOCTH, CXe-
MBI KOTOPEIX MOKa3aHbl Ha pHC. 1, a, 6.
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Puc. 1. Cxemol K onpedeneHuto HANPAXNCEHHO20 COCMOAHRUA 000eN0K
mownHeneii: a — npu delcmeuu cobcmeenno20 éeca 2pynma;
6 — npu Oelicmeuu HAzpy3Ku HA nOGepXHOCMU

O6menk# TOHHeNeH MOIENUPYIOTCA YNPYTMMH KOJIBLAMHM, IOJKpen-

JISIOMXMH OTBEPCTUSA B JIMHEHHO - AedopMupyeMoit cpene. OTHOLICHHE MOLy-
el ynpyrocTd MaTepHana cpeast M koneny Ey/E; =0,1, xoadduument Ilyac-
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coHa cpensl v = 0,3, xosery vy =0,2. Ilpu pacyeTte Ha feficTBHE cOGCTBEHHOIO
Beca IPyHTa yAEbHBIH BeC cpesl npuHuMaics ¥ = 0,020 MH/M®, oTHomenue
TOPH3OHTATIBHEIX M BEPTHKANIBHBIX HanpsokeHM# B cpeae Ges oTeepcTHs
A =0,43. Bimsune TEXHONOTHH COOPYKEHHs TOHHeNeH Ha HATPSDKCHHOE CO-
CTOSHHE 06IEJIOK He YIHUTHIBANIOCE.

Jins onpeneneHus HanpsHKEHHOrO COCTOSAHMA OGHENOK TOHHeNei wc-
IOJIb30BAJICS aHATIMTHYECKUH METOJI pacueTa, ONMCaHHBIH B paGoTe [5], 1 MeToq
KOHEYHLIX 3JIEMEHTOB, PCa/IM30BAHHEIA B MakeTe tochnog. OcoGEeHHOCTHIO Mc-
TI0JIb3YEMOr0 aHATHTHIECKOTO METO/Ia SBJIAETCA 3aJaHue GOpMBI KOHTYpPOB KO-
nel ¢ NOMOLBIO 0TOOpaXaromei QyHKIHH, B pe3y/bTaTe 9€ro HAPYIKHbIH KOH-
Typ Kolblla MpeicTaBnsieT coGoi IuMHMIO YPOBHS, (opMa KOTOpOM MOKET
OT/IMHYATECA OT 3a1aHHOH (OPMEI HApYXHOTO KOHTYpa. J[s YHCTOTEI 3KCTepH-
MEHTa NPU pacyieTe METOAOM KOHEYHBIX 3JIEMEHTOB (OpMa KOJbLA TPHHAMA-
JIaCh TaKOM XK€, YTO W MPU pacyeTe aHATHTHYECKUM METOLOM.

CpaBHHBaNMCE HOpMAUTbHBlE TAHMCHUMAIBHEIE HANPDKCHHA Ha KOHTY-
pax KoJiel[ M KOHTaKTHbIe HalpsDkeHHs. Pe3ynbTaTel pacyera 0OIE/KH JIEBOroO
TOHHEJI Ha JeCTBHE COGCTBEHHOTO BECa IPYHTA IIPHBEZEHEI Ha pHC. 2. 311ech U
Aajice CIUIOUIHBIC JIMHUM COOTBETCTBYIOT HANMpPsDKCHHAM, MOJyYEHHBIM aHAJIH-
THYECKHMM METOJOM, IYHKTHPHBIE — NOJYYEHHBIM C IOMOINBIO METOHa KOHEY-
HBIX 3JIEMEHTOB.

Kax BuiHO M3 pHC. 2, pe3yBTaThl, MOyYeHHbIE ¢ HCTIONB30BAHHEM aHA-
JIMTHYECKOI0 METOAA pacyeTa M METOJa KOHEYHEBIX DJIEMEHTOB, AOCTATOYHO XO-
POIIO COTJIACYIOTCA 33 HCK/TIOUCHHEM HOPMAJTbHBIX TAHTCHIMATIBHBIX HAMPSDKE-
HHH Ha HapyXXHOM KOHTYDE IOIEPEYHOro CEeYEHHS OO eIIKH.

OTnu4us B 3Ha4EHUAX HOPMaNbHBIX TAHTCHIMAILHBIX HATIPSDKSHMH o™

Ha BHYTPEHHEM KOHTYpPE MOIEPEYHOro CEYeHHs 0OMeNKH, MONYIEHHEIX C HC-
TNOJTb30BAHHEM PaCCMAaTPUBAEMBIX METOLOB, MOTYT JocTHTaTh 50 %, mpu 3ToM
MaKCHMAaJILHBIC HAaNpPsHKCHHUS, BO3HHKAIOIHE B YIJIOBBIX TOMKaX OG/e/IKH, OT/IH-
Harotes Menee geM Ha 10 %. HopMansHbie TanreHIHANEHEIC HAMPsDKeHHs of™)

Ha HapyXHOM KOHTYpe HOMEPEYHOro cedeHHs 06/e/IKH, MOy YeHHbIe NPH YHC-
JICHHOM MOJETHPOBAHHM, NMPAKTHYECKHU BCETJa 3HAYMTEILHO HIXKE COOTBETCT-
BYIOIMX HANpsOKeHUH, HAUIEHHBIX M3 aRAIUTHYECKOro pemenus. O6a ucmoss-
3yEMBIX METOJa [JAalOT CXOAHBIM XapakTep pacmpelc/ieHHs KOHTAKTHBIX
HanpsokeHWH. B YIJIOBEIX TOYKax Hapy)XHOro KOHTYpa KOHTAKTHEIE HAIIpsDKE-
HU, ONpPE/ICTICHHBIC aHAIMTHYECKH, HECKOBKO GOJIbING HANMpsDKEHHH, HalineH-
HBIX C MIOMOINBIO YHCJICHHOTO MOJETUPOBAHU.

Hanpsokenns B obaenke neBoro TOHHeNs NpH NeHCTBHM HATPY3KM Ha
HOBEPXHOCTH AaHBI Ha pHC. 3.

Kak u B npezbifymem cilydae, 3HaU€HHs HANPSDKEHUH, NOMy4ECHHbIE ¢
HMCTIONbL30BAHMEM PA3HEIX METOZOB, COIJIACYIOTCS JOCTATOYHO XOPOHIO, KPOME
HOPMA/TBHEIX TaHTCHUMAIBHEIX HA HapyXHOM KOHType MONEPEYHOro CEYeHHA
obaenkn. HopManbHEIe TaHTeHUHANBHbIE HANPOKEHUS HA BHYTPECHHEM KOHTYpe
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TIOMEPEYHOr0 CEYCHHA OOMENKH, MOMyHdEHHbIE ¢ NMOMOIIBIO aHATUTHYECKOro M
YHCIIEHHOTO METOZIOB, NPAKTUYECKH COBMNAJAIOT 33 MCIUTIOYEHHEM COKMMAIOINUX
HANpDKeHWH B YITIOBBIX TOYKaX, A€ HANpsOKCHHs, HalileHHbIE ¢ MOMOIIBIO
aHAJINTHYECKOTro MeTofa, Ha 30 % BbIIe aHATOTUYHBIX HATPHKEHMH, NOIy4YeH-
HBIX C TIOMOIIBIO YHCIIEHHOr0 MoAeNHpoBaHuA. KoHTaKTHEIE HanpspKeHHs, 1o-
JIy4eHHbIE C MOMOIIBIO AHATHTHIECKOTO METOAa M METOAa KOHEYHLIX dJIEMEH-
TOB, IPaKTHYECKH COBNAJAIOT.

(in} (ex)

g,, Mna q,, MNa

0,208

0,130
(-0,167)

Puc. 2. Hanpasxcenun 8 o60enke 16020 MoHHeNAA NPU Oelicmeun
coficmeeRn020 geca zpyHma: a — HOpMaibHblE MAHZEHYUATbHbIE
HaQ HymMpeHHEM KOHMype nOnepedHoz0 ceveHun, 6 — Hopmanbibie
ManzeHyuanvHble HA HAPYHCHOM KOHMYpe; 8 — pAOUATIbHbIE HA TUHUU
KOHmMAaKkma; z — Kacamenovrble HA TUHUN KORMAKMA

AHaNorm4HeIe BEIBOABI MOXKHO CEJIATh, AHAJTM3UPY A PE3yNbTaThl pacue-

Ta 00eJIKM [PaBOTO TOHHES NPH JEHCTBHM Harpy3ku Ha MOBEPXHOCTH, NMOKa-
3aHHEBIC Ha pHc. 4.

254



[image: image7.png]I'eoMexanuka

{-1,085)
Puc. 3. Hanpaxcenua 8 060enke 1€6020 moHHens npu oeiicmeuu Hazpysxu P:
a — HOpManbHble MAH2EHUUATbHbIE HA BHYMPEHHEM KOHMYPE NONEPEYHO20
ceyenun, 6 — HOpMANbHbIE MAHZEHYUANbHBIE HA HADYHCHOM KOHMYpE;
8 — PaouanbHble HA TUHUN KOHMAKMA; 2 ~— KacamenvHble KA TUHUU KOHMAKMA
n) (ax}

g /P

28,08
{-23.20)

Puc. 4. Hanpascenun 6 o60enke npagozo monunens npu oeiicmeuu Hazpysxku P:
a — HOpMANbHbIE MAHZEHYUATbHbBIE HA BHYMPEHHEM KOHMYPE NONREPEYHO20
cedenun, 6 — HOpManbHble MAH2ERYUANbHEIE HA HADYHCHOM KOHMYype;

8 — paduanbHsle HA TUHUY KOHMAKMA; 2 — KACAMEebHbIE HA TUHUU KOHMaKma
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U3 npuBeleHHBIX Pe3yJhLTaTOB MCCICAOBAHMH MOXKHO CIeNaTh BBIBO,
YTO B pacCMAaTPHBACMOM ClTyYae 3HAYEHHMS HOPMAIBHEIX TAHICHI[HATBHBIX Ha-
NpDKEHUH Ha HAPYXXHOM KOHTYpE MONEPEYHOro CedYeHHs, IOIyUeHHBIE C HC-
MOJIE30BAHMEM METO/Ia KOHEYHBIX 3JIEMEHTOB, 3HAYHTEILHO MEHBIIE aHAJIOTHY-
HBIX HAIPSDKEHUHA, MOMY4EHHBIX C TIOMOIIBIO AHAJITHIECKOTO MeToMa. OTiiHyne
[0 MAKCHMAJIBHBIM CXXHMMAIOUIMM HANpsDKEHUSIM Ha HapYy)>KHOM KOHTYpE Iome-
pednoro cedeHust oGaenku coctaBnser 30 % npu pacyere Ha jeiicTBHe COGCT-
BEHHOro Beca rpyHTa H 6osice 100 % npu pacyere Ha JeHCTBHE pacnpele/ieH-
Ho# Harpy3ku. Taioke clieflyeT OTMETHTh CYINECTBEHHOE OT/IMYIHE B BEIUYHMHE
MaKCHMaJIbHBIX CKHMAIOIINX ‘HaNpsDKCHUN Ha BHYTpEHHEM KOHTYpE Iofiepey-
HOTO cedyeHUs OOeTKM TOHHENS.

TTockodBKY 3amac NMPOYHOCTH MOA3EMHOH KOHCTPYKLMH ONpenenseTcs
110 3HAYCHUSAM HOPMAJIbHBIX TAHTCHUWAIBHEIX HANpPsDKEHUH B 06/i€/IKe TOHHE,
cheNaHHbie B paGoTe BHIBOABI MOrYT OBITH NOJE3HEI NPH MPAKTHYECKHX pacye-
TaxX MOA3EMHBIX COOPYXXEHHMH.
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P.V. Deev, A.V. Krupoderov

ANALYTICAL AND NUMERICAL METHODS FOR DESIGN OF UNDERGROUND
STRUCTURES: RESULTS COMPARISON

Stress state of two square rings supporting openings in the linearly deformable heavy
semi-plane subjected the action of a vertical load applied to its boundary is considered.
Comparison of stresses on the ring outlines obtained with the help of analytical design me-
thod and numerical modelling by finite element method is performed.

Key words: tunnel linings, modelling, stress state, comparison, analytical method,
finite element method.
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