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AKTYaJIbHOCTh TeMbI HCCJIeI0BaHUsA. B COOTBETCTBMM C HOPMAaTUBHBIM
3aKoHOAaTenbCTBOM Poccuiickor dexnepanuu, Npu NPOESKTUPOBAHUU JIMHEWHBIX
COOpPYKEHUH Ha KAPCTOONACHBIX TEPPUTOPUAX NPEIYCMATPUBAECTCA BBIIOJIHEHUE
3aIUTHBIX MPOTUBOKAPCTOBBIX MeponpusTUil. OCHOBHAsI MX LEIb 3aKIIOYACTCs B
obecrieueHun OE30MaCHOCTH OOBEKTOB BO BPEMS BCErO UX KU3HEHHOTO IMKIIA.

K nuHEelHBIM cOOpyXEHUSIM OTHOCATCS aBTOMOOWIIBHBIE M JKEJIE3HBIE JIOPOTH,
KOTOPbIE HMEIOT 3HAYUTENIBHYI0 TMPOTSIKEHHOCTh W MOTYT HIPOXOAUTH IO
MHOTOKHJIOMETPOBBIM KapCTOOIIACHBIM TEPPUTOPUSM. B 3THX yCIIOBUAX CTaHIAPTHBIE
F€OTEXHUYECKUE W KOHCTPYKTHBHBIE METOABI IPOTUBOKAPCTOBOW 3aIlUTBI HE
IPUMEHHUMBI.

Pemennem ngaHHON mpoOJeMbl MOXET CTaTh NMPUMEHEHHE T€OCHUHTETHYECKHX
matepuainos. [Ipu 3ToM amns moBbIeHus 3PPEKTUBHOCTH 3aLUTHl HA T€OMaTEOpHal
MOTYT YCTaHABJIMBATHCS TEH304AaTYMKH, [IO3BOJISIIOLINE B PEKUME PEATTBHOIO BPEMEHU
OTCJICKUBATh BCE JE€(POPMAIMOHHBIE ITPOLIECCHI.

B nanHo# paboTe mpeacTaBieHbl PE3yNbTaThl UCCAEAOBAHUN N0 TPUMEHEHHIO
T€OCUHTETUUYECKUX MATEPUANIOB U1l APMUPOBAHUS OCHOBAHMS JIOPOXKHOW HACHIIIH,
o0ecreunBaroIUX NPOTUBOKAPCTOBYIO 3aIIUTY TOPOTH.

CyTb TaHHOM TEXHOJIOTMU 3aKJI0YAETCS B YACTUUHOU CTAOMIIM3AllUA OCHOBAHUS
JUHEMHOTO COOpY>KEHHUs, TO €ecThb JAedopMalMd BO3MOXHBI, HO OIPaHUYEHBI
pacyeTHbIMU 3HAYCHHSIMHU. ['eomaTepuasn BBIMOJHSET (QPYHKIUIO TOICPKKH
COOPY’KEHHUS JI0 YCTpaHEHUs OCIIEICTBUNA KapCTOBBIX Je(opMaliii B OCHOBAHHH.

CymiecTByroniye MeToAbl pacyeTa pa3paboTaHbl ISl OLEHKU 3PGEKTUBHOCTH
MPUMEHEHUsI TEOCHMHTETHMYECKHX MAaTepuajoB TpU 0OO0pa3oBaHUU KapCTOBBIX
nedopmalii Mo TUIY «IPOBAI» B OCHOBAaHUM HACBHINM, MPU 3TOM pa3Mep MpoBaja
SIBJISIETCS OCHOBHBIM PACUETHBIM IIAPAMETPOM.

Opnnako, 00pa30BaHUIO MpOBajla B OCHOBAaHMM TPEALIECTBYIOT KapCTOBbIE
MPOIIECCHI B KapCTYIOIIUXCSl TPyHTaX, 3ajieraronux Ha riyoune ot 10-tu go 50-tu
METPOB HUKE€ OCHOBAHHUS JOPOKHOM HACBHINHM, ¢ O0pa30BaHUEM B HUX KapCTOBBIX
MOJIOCTEH W KapCTOBBIX Nedopmaiuii B OCHOBAHWUHU JOPOKHOW HACHIU TIO THITY
«mpocenanve». B ciaydae TIMHHCTBIX ITOKPOBHBIX TOJI HAJA KapCTYIOIIUMUCS
IPYHTaMH, B OCHOBaHUM KOTOPBIX BO3MOKEH POCT KAPCTOBOM MOJIOCTH 3HAYUTEIBHBIX
pa3MepoB, pasMep «MYJIbIbl MPOCEHAHUS» TAKKE MOXKET OBbITh KPUTUYHBIM JIJIS
JOPOTH.

B pesynbrate BBINOJIHEHHBIX MCCIENOBAHUN YCTAHOBJIEHBI 3aKOHOMEPHOCTH
M3MEHEHUsl YCWINH 1 nedopmannii TeOCUHTETUYECKOTO MaTepuana, a TakXKe 0CaJoK
JOPOXHOM HACBIIM, B 3aBUCUMOCTM OT JHAaMeTpa MOJIOCTH, BBICOTHI JOPOKHOU
HACBhIIIA U PACCTOSHUS O KPOBJIHM KapCTYIOUIMXCS T'PYHTOB, Ha OCHOBE KOTOPBIX
pa3paboTaHbl aHATUTUYECKUE METOJIBI pacyeTa.

BrpinmosHeHWe  TakuX  HCCIEIOBAHMM W COBEPLICHCTBOBAHME  METOJMOB
IIPOEKTUPOBAHUS NPOTUBOKAPCTOBOW 3aILUTBHI JUHEUHBIX COOPYKECHUU, a UMEHHO
JOpOT Pa3HOr0 HA3HAYEHUS, MO3BOJUT MOBBICUTH 3()(YEKTUBHOCTh M HAIEKHOCTDH
MPOEKTHBIX PELICHUH, MO3TOMY TEMA MCCIICIOBAHUS SIBJISICTCS aKTyaJbHOU U MMEET
MIPAKTUYECKYIO LIEHHOCTD.



Crenenb pa3paGoOTaHHOCTM TeMbl HccjaeaoBaHuss. Poccuiickumu
3apyOEKHBIMU YYEHBIMH BBIITOJTHEHO OOJIBIIIOE KOJTMYECTBO KaK TEOPETHUECKHX, TaK
AKCIIEPUMEHTANIbHBIX HCCIICIOBAHUM, HAMPABICHHBIX HA HM3Y4YCHUE HAIPSKEHHO-
neOpMUPOBAHHOTO COCTOSIHUSI OCHOBAHUS 37]aHUN M COOPY>KEHUH MpU 00pa3oBaHUU
KapCTOBBIX JehopMalinil.

HccnenoBanmem mporieccoB 00pa3oBaHus KAPCTOBBIX AeOpMaIiii B OCHOBAaHUHU
3IaHUN U COOPYKEHUN 3aHUMAJIMCh MHOTHE OT€UECTBEHHBIC U 3apyOCKHBIC YUCHBIC:
E.C. Ammmuz, I'M. laxynsuu, 3.C. Apran, B.II. Xomenko, A.JI. 'orman, H.3.
l'otman, A.B. AnukeeB, B.B. Tonmaues, B.Il. Xomenko, 3.U. Mymokos, E.A.
Copouan, B.U. Maptun, I11.P. Hezamyraunos, H.C. Metemok, I'.M. Tpourkuii, B.A.
Wmioxun, B.A. Tap6ep, A.U. Tpaskun, B.W. Ileinun, M.M. VYTkun, A.B.
anomnukoB, A.b. Ilonomapes, Aunnpeituyk B.H., G. Aderhold, B.F. Beck, F.
Reuter, P.T. Milanovic, P. Delmas u np.

ITo pe3ynbraTam HccieaOBaHUN BBIJACICHO 2 THIIA KapCTOBBIX Jaedopmalui, a
HMEHHO «IpOBajl» M  «IIPOCEAAHUE», KOTOpPbIC CJIEAYEeT YYUTHIBATh MpHU
MIPOCKTUPOBAHUHU IIPOTHBOKAPCTOBOM 3alllMThl, B TOM YHCIAE W JUIS JHMHEHHBIX
COOPYKCHUU.

Cy1iecTBeHHBIN BKJIaJ B MU3y4€HHUE OCOOCHHOCTH PabOThl T€OCHHTETHYECKOIO
MaTepuanga, B TOM YHCJI€ U C LEJIbI0 MPOTUBOKAPCTOBOM 3allUThl JIUHEWUHOTO
coopyKeHus, BHeCIu cieayromue yuenole A.b. ITonomapes, JI.I'. 3omoro3zy6os, B.I'.
Od¢puxtep, B.U. Kneseko, B.®. bapsamios, A.A. bapronomeii, B./[. KazapHoBckui,
T.I1. Kamapun, A.M. Kum, H.H. Pycak, J.M. Tumodeera, E.B. lllepoun, B.M.
IOmamreB, A. Alexiew, H. Brandl, H. Girard, J.P. Giroud, R.M. Koerner, A. Paul, H.
Perrier, F. Schlosser, S. Schwerdt, J. Sobolewski, T. Uscimura, H.Vidal u npyrue
y4EHBIE.

[IpennoxxeHsl METOABI pacueTra M IMoAOOpa TeOCHHTETHUECKOTO MaTepuala,
YJIOKEHHOTO B OCHOBAaHHME JIOPOKHOM HAChIM, Ha OOpa3oBaHUE KapCTOBBIX
nedopMaluii Mo TUIY «IIPOBAI».

Hean u 3agaum ucciaeaoBanmsi. Llenpio paboThl SABISICTCS COBEPIIICHCTBOBAHUE
METOJMKU TMPOCKTUPOBAHUS MPOTUBOKAPCTOBOM 3alIUTHI JIOPOKHOM HACHIIA C
HCIIOJb30BaHUEM I'€OCUHTETUUECKUX MaTEepUaJIOB.

JI71 NOCTHKEHUS TTOCTABIICHHOM LEIN PEIIAIUCh CICIYIONIAE 3a1aYM:

— BBINOJHUTh AHAJIM3 CYIIECTBYIOIIETO PACUETHOTO W OAKCIEPUMEHTAIBLHOIO
OTBITA MMPOEKTUPOBAHUS IPOTUBOKAPCTOBOM 3aLUTHI 1I0POT, CHOPMYJIUPOBATH 3a]]a4U
HCCJICIOBAHUS;

— BBITNOJIHUTH JJA0OOPATOPHBIE, YUCIEHHBIE M TEOPETHUYECKUE HCCICIOBAHUS U
YCTAHOBUTH 3aKOHOMEPHOCTH B3aUMOJICUCTBUS TE€OCHHTETUYECKOTO Marepualia C
IPYHTOM HaJl KAPCTOBOM MOJIOCTHIO B KAPCTYIOIIUXCS TPYHTAX;

— MPOAHAIU3UPOBATH PE3YJIHTAThl BBIMOJHEHHBIX HCCIEAOBAHUN M pa3padboTaTh
aHAJMTUYECKUE METOAbl pacyeTa JUisl ONPECICHUS YCUIIMA W OTHOCUTEIbHBIX
nedopManuii reomatepuana, a Takke 0CaJoK JOPOXKHOIO TMOJOTHA, HaJl KapCTOBOM
MOJIOCTHIO B KAPCTYIOUIUXCS IPYHTAX;

— pa3paboTaTh METOAMKY pacyeTa U MPOCKTUPOBAHHUS MPOTHUBOKAPCTOBOM
3aIUTHI JOPOTH C UCTIOJIb30BAHUEM I€OCHHTETHYECKUX MAaTEPHUAIOB.
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O0beKTOM HCCIeI0BAHMS SBJISIETCS OCHOBAaHHME JIOPOKHOM HAChIIM Ha
KapCTYIOIINXCS TPYHTaX.

IIpenmeTom wuccaeq0BAHMS SBISCTCS B3aUMOJICCTBUE T'€OCHHTETUYECKOTO
MaTepHasia C OCHOBAaHUEM JIOPOKHOM HACKINH MPHU PA3BUTUHU KapPCTOBBIX JAedhopMariuii.

Hay4nasi HOBU3HA paOOThI COCTOUT B CJICIYIOIIEM:

— TPEIIOKEHO BBITIONHATH pacdyeT YCUIud M aeopManuii TEOCHHTETHYECKOTO
MaTepuala B OCHOBaHUM JIMHEHHOTO COOPY)KEHHUS IpPU YCJIOBHH OOpa30BaHUs
KapCTOBBIX Ae(popMaluil 0 TUILY «IIPOCEIaHUEY;

— 000CHOBaHO, YTO PACUYETHBIM MapaMETPOM KapCTOMPOSBICHUHN ISl yCIOBUM
oOpa3oBaHMsI KapCTOBBIX Jedopmaruii 1O TUIy «IIPOCETAHUE»  SBISACTCS
MAaKCUMAJIbHBIA JTMAMETP KapCTOBOM IIOJOCTH B KapCTYIOLIUXCA TPYyHTaX, MpH
KOTOPOM CBOJI HaJl MOJIOCThIO YCTOWYMB U MOJIOCTh HE «BCILIBIBAET» MOJ OCHOBAaHHE
JTIOPOKHOM HACHIIIH;

— BBISBJICGHBI ~ 3aKOHOMEPHOCTHM  U3MEHEHUs ycwiuid u  jaedopmanui
F€OCUHTETUYECKOT0 MaTepraa, a TakKe 0CaJloK JOPOKHOTO MOJIOTHA, HAJl KAPCTOBOM
MOJIOCTHIO B KAPCTYIOMIUXCS TPYHTAX, B 3aBUCUMOCTH OT IMaMETpPa MOJIOCTU, BBICOTHI
JIOPOYKHOM HACBHITIK U PACCTOSHUS 10 KPOBJIIM KapCTYIOIIUXCS TPYHTOB;

— 1O pe3yjibTaTaM COIMOCTABJICHUS HUCIBITAHUN T€OCUHTETUYECKOrO0 MaTepuaia B
pa3pblBHOM MaIllMHE W B TPYHTOBOM JIOTKE YCTAaHOBJIEHO, YTO C YYETOM
B3aUMOJICHCTBUS TeoMaTepuaa ¢ FpPyHTOM, €r0 KECTKOCTh YBEITUUMBACTCS;

— pa3paboTaHbl AHAIUTHUYECKHE METOJAbl pacueTra YCWIUA M OTHOCUTEIBHBIX
nedopmanvii TeOCHHTETUYECKOTO MaTepHalia, a TakKe OCaJoK OCHOBaHWsS, B
3aBUCHMOCTH OT JIMAMETPA IMOJOCTH, BBICOTHI JTOPOKHOW HACBIIU M PACCTOSHHUS 0
KPOBJIA KapCTYIOIIUXCS TPYHTOB;

— o0ocHOBaHa HEOOXOAUMOCTh OIICHKA YCTOWYMBOCTH OTKOCOB HACHIIH,
apMHUPOBAHHOW Te€OMaTepUaIoM, IpH 00pa3oBaHuUsI KAPCTOBOTO MPOBajia B OCHOBAHHUH
HACBIIIH.

MeTtonoJiorust 1 MeTOAbI Mccaea0BaHus. J[oCTHKEHUE 1eNH UCCIeA0BaHUs U
pelIeHre 3aa4 OCYIUIECTBISIOCH C UCTIOJIb30BAaHUEM CIIEIYIOIIUX METOJIOB:

— aHauu3 U CHUHTE3 — MPU YTOYHEHUM M KOHKPETU3alMHU MpoOJIEeMbI pacuera
JUHEHHBIX COOPYXEHUW TMpU JACHCTBUM KapCTOBBIX JAedopmanuii B 0030pe
JUTEpaTypbl; TpU pa3pabOTKE aHAJUTUYECKUX METOJOB pacueTa YCUIUA U
nedopmanmii B TreoMmarepuaie TMpu JCHUCTBUM KapCTOBBIX nedopmaruii  u
PEKOMEHJAIMi 110 BBITTOJTHEHUIO YUCIICHHBIX PACYETOB,;

— 000011eHre — Tpu 000OIIIEHUH OIBITa PACYETOB OCHOBAHUS JOPOKHOM HACHIIIH,
apMUPOBAHHOI'O0 T€OMAaTEepUAIOM, Ha KapCTOOMACHBIX TUIOIIAIKAX;

— CpaBHEHHE — TIpU OOOCHOBAHUHU XaPAKTEPUCTUK PACUCTHOM MOACIH s
YUCJICHHBIX MCCJIEAOBAaHUN B3aMMOJCICTBUS TeomaTepuaia W OCHOBAHUS MpHU
00pa3oBaHUU KapCTOBBIX JepopMariuii;

—  MOJICJIUPOBAHUE — MPU COCTABJICHUH YHUCIICHHBIX MOJEICH I MOJICTUPOBAHUS
MOBEJICHUS TeoMaTepraia B OCHOBAaHUU JOPOKHOW HACHIIIH.

Jlns perieHrss TIOCTaBJAEHHBIX 3ajJad B YaCTU QHAJUTHYECKUX M YHUCICHHBIX
HCCIIEIOBAHUM MCIOJIb30BAJIMCHh METOJIBI TEOPUH YIIPYTOCTH, TEOPUHU TIJIACTUYHOCTH,
teopun nnpouyHoctr Mopa-Kynona u ap. [Ipu BbIINOIHEHNN YMCIEHHBIX UCCIIEI0BAHUN
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OBLIIM MCIIOJIb30BaHbI KOMITBIOTEPHBIE MPOTPAMMBbI, PEATU3YIOIINE METOJI KOHEUHbIX
AJIEMEHTOB. AHAIU3 M WHTEPOpPETALMs PE3YJIbTATOB YHMCIEHHOIO HCCIEIOBAaHUS
BBIIOJIHSJIACH C UCIIOJIb30BAHUEM METO/1a HAMMEHBIINX KBaJIpaTOB.

IHos0:xkeHNs1, BBIHOCHUMbIE HA 3alUTY: PE3yJbTaThl UCCIEIOBaHMM, Ha 0a3ze
KOTOpPBIX pa3pa0dOTaHbl MPEJIOKEHUsS 1O pacyeTy OCHOBAHUM JIMHEWHBIX
COOPY’KE€HU, apMUPOBAHHBIX F€OCHHTETHYECKHUM MaTE€pHaiOM, Ha 3aKapCTOBAaHHBIX
TEPPUTOPHUSX, BKIIFOUAOLIHUE:

— TMpeMIoKEHUE 1O  BBINOJIHEHUIO pacueta ycwiuid u  jaeopmanuid
Ir€OCHUHTETUYECKOrO0 MaTepuaia B OCHOBAHMH JIMHEMHOTO COOPY’KEHHUS MPU yCIOBUU
00pa3oBaHMsI KaPCTOBBIX JePopMalnii MO TUITY KIIPOCETAHUEY;

— o00OCHOBaHHE pacyYeTHOTO TMapaMeTpa KapcTOBBIX Aedopmanuii MO THILY
«IPOCETaHNE», KOTOPBIM SBJISETCA MAKCUMAJIbHBIN THAMETP KapCTOBOW IMOJOCTH B
KApCTYIOLIUXCS TPYHTAX, IPU KOTOPOM CBOJ| HaJl MOJOCThIO YCTOMYHMB U MOJIOCTh HE
«BCILIBIBAET» MOJ OCHOBAaHUE JOPOKHOM HACHINH;

— 3aKOHOMEpPHOCTH H3MEHEHMs] YCWIMH M JedopManuil Te€OCHHTETHYECKOIO
Marepuana, a TaKXKe OCaJO0K JOPOXKHOTO IMOJIOTHA, HaJ KapCTOBOM IOJOCTHIO B
KApCTYIOLIUXCSl TPYHTAX, B 3aBUCUMOCTH OT JIMaMETPa MOJIOCTH, BBICOTHI JOPOKHOU
HACBITIU U PACCTOSIHUS 10 KPOBIIA KapPCTYIOIIUXCS TPYHTOB;

— DJKCHEpPUMEHTaJIbHOE OOOCHOBAHME YBEIMYEHHs >KECTKOCTH TreomaTepuana,
B3aUMO/ICHCTBYIOIIETO C TPYHTOM;

— QAHAJUTUYECKUE METOJbl pacueTa YCWIMH M OTHOCHUTEIBHBIX JAepopManuii
TF€OCHHTETUYECKOIO0 MaTepHalla, a TAKXKE OCaJOK OCHOBAaHMUS, B 3aBHCHUMOCTH OT
IMaMeTpa TMOJOCTH, BBICOTHI JOPOMKHOM HACBIIM UM PACCTOSHUA 10 KPOBIU
KapCTYIOLIUXCS TPYHTOB;

— MpeAJIOKEHUS MO JAOMOIHUTEIBHOMY pacyeTy YCTOMYMBOCTH OTKOCOB HACHINU
aBTOMOOMIILHOM TOPOTH TP 00pa30BaHUU KapCTOBOTO MpOBaa.

CreneHb J0CTOBEPHOCTH OCHOBBIBAETCS Ha!

— TMPUMEHEHUH KJIACCUYECKUX METOJIOB MEXAHUKH TPYHTOB M CTPOUTEIBHOU
MEXaHUKH,  anpoOMpPOBAaHHBIX  METOJOB  YHUCJIEHHOTO  MOJECIUPOBAHUS  C
MCIIOJIb30BaHUEM BepU(DUIIMPOBAHHBIX MPOTPAMMHBIX KOMIUIEKCOB;

~  YIOBJIETBOPUTEIBHON CXOJAUMOCTHU PE3YJIHTATOB YUCIEHHBIX UCCIEIOBAHUN U
71a00paTOPHBIX HCCIEAOBAaHUM, OMYyOJMKOBAaHHBIX B HAYYHOW JIUTEpATYype, a TAKXKe
AQHAJIMTUYECKUX PEIICHUI U pPe3yJIbTaTOB YHCICHHBIX UCCIEIOBAHUIA.

Anpobauus pe3yabTaTtoB. OCHOBHBIC PE3YJIbTaThl pabOTHI TOKJIAIBIBAIUCH HA
3acenanusx Kadeapsl «ABTOMOOWIBbHBIE JOPOTH, a3pOJpPOMbI, OCHOBAHUS W
byagamentey OI'AOY «Poccuiickuii YHUBEPCUTET TPAHCIIOPTa», HA BHYTPEHHHUX
Hay4HO-TIpaKkTU4YecKux KoHpepenuusx «Henens nayku» B nepuon ¢ 2019 no 2023r.;
Ha MEXIYHAapOJHON HAYyYHO-TIPAKTUYECKON KOH(MEpeHIN «AKTyalbHbIE MPOOJIEMBI
MPOCKTUPOBAHMS, CTPOUTEIHCTBA W  OKCIUIyaTalldd aBTOMOOWIBHBIX  JIOPOT,
a’poJIPOMOB M TPAHCIOPTHBIX coopykeHuit» B 2021 r.; Ha 80-0f MexAyHAPOIHOM
Hay4YHO-METOJMYECKONW U HayYHO-HCClieqoBaTenbcKkol koHpepeHnimu MAJIU B 2022
r.; Ha [V MexnyHapoHO# HaydHO-TEXHUYECKOW KoH(pepeHnn «MexaHuka TpyHTOB
B reoTexHuke u ¢pynaamentocrpoenun» (Hoouepkacck) B 2022 r.; Ha reodopyme



«OOMeH OmnbITOM NPHUMEHEHUS NHHOBALMOHHBIX M€OCHMHTETUYECKMX MATEpUAJIOB Ha
o0BbeKTax TpaHcnopTHO# nHPpacTpykTypb» Huesker, MAJIU B 2023 r.

[To Teme nucceprauuu omyOnauKoBaHO 7 paboT, W3 HUX: 2 paboThl B
PELIEH3UPYEMBIX HAYUHBIX U3AAHUAX.

Teopernyeckass W NpakTHYecKas 3HAYMMOCTH PadOTHI 3aKIIOYACTCS B
CJIEIYOILIEM:

— TeopeTHuYecKas 3HAYMMOCTb B TOM, YTO BBISIBIICHBI 3aKOHOMEPHOCTH U3MEHEHUS
ycuiui U nedopmanuii TeOCUHTETUYECKOT0 MaTeprana, a TakKe 0CaJoK JOPOKHOTO
MOJIOTHA, IpU 00pa30BaHUM KapCTOBBIX JAe(opMalinii 1Mo TUITY «ITPOCETAHUEY;

— TpaKTHYECKas 3HAYUMOCTb COCTOHT B pa3pab0TKe METOIUKU MPOCKTUPOBAHUS
IPOTUBOKAPCTOBOM  3alMTBl  JOPOXHOW  HAChlllM  C  HCIIOJIb30BAHUEM
IFE€OCUHTETUUECKUX MATE€pUAJIOB, YYMTHIBAIOLIEH BCE BAapUAHTBl BO3MOYKHBIX
KapcToBbIX Aedopmanmii. PazpaboTanHas MeToanKa OpUEHTHPOBAHA HA IPUMEHEHHE
B NPAKTHKE MPOECKTUPOBAHUS JIMHEHHBIX COOPYXKEHUI (JOpOTr) Ha 3aKapCTOBAHHBIX
TEPPUTOPUSIX.

Crpykrypa u o0beM pabGorbl. /[luccepranvoHHas paboTa COCTOUT W3
BBEJCHUS, 4 TJaB, 3aKIIOYEHUs, CIHCKA JUTEepaTyphl, BKItouaromero 135
HauMeHoBaHUW. Pabora wm3noxkeHa Ha 134 cTpaHuIaX MAIIMHONKUCHOTO TEKCTa,
collepKUT 42 pucyHKa, 23 TaOIUILIbL.

OCHOBHOE COIEP KXAHUE PABOTHBI

Bo BBegenuu mpuBOAMTCA OOIMIAasl XapaKTepUCTHKa pabOTHI, JAeTCs KpaTKoe
000CHOBaHME aKTYaJIbHOCTH BBIOpAHHOW TeMbI, CHOPMYITHPOBAHBI IIETU U 3a7a4u
HCCIICIOBAHMSL.

B nepgBoii riiaBe npousBeAeH aHAJIM3 HOPMATUBHOW 0a3bl MPOECKTUPOBAHUS HA
KapCTOOIACHBIX y4YacTKaX, BBISBIEHa MpoOjeMa OTCYTCTBUS yué€ra OCOOEHHOCTEH
IIPOCKTUPOBAHUS JIMHEUHBIX COOPYKEHUM, TPOXOAAIINX I10 KAPCTOBBIM TEPPUTOPUSIM.
AHanu3upys 3apyOeKHYI0 HOPMAaTHUBHYIO 0a3y M OIBIT 3alIUThl aBTO MOOMJIBHBIX
JOPOT OT KapCTOBBIX Iedopmalinii, BbIIETICHA TEXHOJIOTHS apMUPOBAHUS OCHOBAHMUS
36MJITHOTO IIOJIOTHA HAJX CYLIECTBYIOUIMMU M MOTEHUUAIBHO BO3MOKHBIMHU
KapCTOBBIMH IIOJIOCTSMM  BBICOKOIIPOYHBIMM T€OCHHTETHYECKMMM MaTepuaiaMu
(pucynox 1).

I'cocunTeTHYCCKUH Jlopoknas
Marepuan Hachllb

IloxpoeHas

Kapcryionmmecsa
PEEyO TOIIA

IPYHTbI

PucyHnoxk 1 — ApMupoBaHHasi JOPOKHAS HACBINb HA/ M0JOCTHIO B
KApCTYIOUUXCH IPYHTAX



PaccMoTpeHbl  OCHOBHBIE  IPOTHBOKAPCTOBBIE — MeponpusaTua.  OmnucaHbl
pacyeTHbIE AHAIUTUYECKUE METOOUKH MJIsI TPOECKTUPOBAHUS MPOTUBOKAPCTOBOM
3alUTBl TYTEM apMUPOBAHHUS TEOCMHTETUYECKUMH MaTepuajlaMyd M TpakTHKa
IPUMEHEHHUSI CUCTEMBbl CUTHAJIM3allMM KapCTOBOM OIMACHOCTH, YCTAHOBJICHHOW Ha
F€OCUHTETUYECKOM MaTepHuase.

Ob6ocHOBaHa HEOOXOIMMOCTD BBITIOJTHEHUS PacYeTOB HE TOJIBKO Ha 00pa3oBaHUE
KapCTOBOI0 IIPOBaja IPOTHO3UPYEMOrO pa3Mepa B OCHOBAHMM JOPOTHM, HO U HA
oOpa3oBaHME MyJIbJIbl TPOCENAHMSI HAJ paACTyIIed KapCTOBOM IIOJIOCTBIO B
KapCTYIOIIUXCSl TpyHTaX. AKTyallbHbIM SIBIISIETCSL pa3pabOTKa aHAIMTHUYECKUX
METOJIOB OTpeAeNieHUus] yCuinuil M aedopmanuii T€OCHHTETHYECKOTO MaTrepuaia B
3aBUCHUMOCTH OT JIMAMETpPa IMOJOCTH, BBICOTHI JOPOKHOW HACHIU M PACCTOSHUS 10
KpPOBJI KapCTYIOIIUXCS TPYHTOB.

CdopMynupoBaHbl OCHOBHAsl II€JIb M 3a7a4d HCCIICIOBAHUM, BKIIOYAIONIUX
MIPOBE/ICHUE W aHAIM3 JTA0OPATOPHBIX IKCIIEPUMEHTOB, YUCIEHHOE MOJICIHPOBAHUE
MTOBEJICHUS] apMUPOBAHHOIO TPYHTA, TEOPETUUECKUE UCCIIEIOBAHMUS.

Bo BTOpOI#i rjaBe mpe/CTaBlIEHbl PE3YNbTAThl JIAOOPATOPHBIX HCCIEIOBAHUMN
B3aMMO/JICUCTBUSI TE€OCHHTETUYECKOTO MaTepHala C TPYHTOM, IPOCENAIOIIMM HaJ
KapCTOBOU IOJIOCTHIO.

Tak Kak B YCIOBHUSIX KapCTOBBIX JedopMaluii MO THUIY <IIPOCEIAHUE»
oOpyIIeHue TOKPOBHOM TOJIIMA HE MPOUCXOJIUT, TEOCHHTECTHYECKHM MaTepual
BOCIIpUHUMAET JAedopMalid COBMECTHO C TPYHTOBBIM OCHOBAaHHMSI HAChINHU, a
OTHOCUTEJIbHBIE AehOpMallMK TeoMarepuaia, B3auMOACHCTBYIOUIETO C TPYHTOM,
CHIIKAIOTCA IO CPAaBHEHUIO C OTHOCUTEIBbHBIMHU JedopManusMud reomaTepuana,
ucnbITaHHOTO B cOOTBETCTBHM ¢ 'OCT 55030-2012 B pa3pbhIBHOM MalIvHE.

B mporuecce ucnbITaHUsI TEOCUHTETUYECKOTO MaTepuralia B pa3pbIBHON MaIlIMHE
(GbOpMHUPYIOTCS JTaHHBIE, TIO3BOJISIIONIUE BBIIBUTh 3aBUCUMOCTH OTHOCHUTEIBHBIX
nedopMalii OT pacTATUBAIOIIUX YCUITUH.

CpaBHUB  OSKCIEPUMEHTAJIbHBIE  JIaHHBIE  OTHOCHUTENBHBIX  Jehopmariuii
pPacCTSKEHHUSI reoMarepralia B TPYHTOBOM JIOTKE C AKCHEPUMEHTAJbHBIMUA JaHHBIMU,
MOJIyYeHHBIMU Ha Pa3phIBHOM MalluHe, onpeneneH KodhGUIMeHT, KOpPEKTUPYIOIIHIA
OTHOCUTEJIbHBIE AehOopMallui TeoMaTepuaia, B3auMOJICUCTBYIONIETO C TPYHTOM, B
YCJOBUSX KapCTOBBIX JAedOopMalinii Mo TUITY KIIPOCEAAHUEY.

OtHocuTenbHbIe AedopMallui PacTSHKEHUS TeoMaTepuana B TPYHTOBOM JIOTKE
MOJIy4eHbl MO pe3yJibTaTaM aHajiu3a pe3yibTaTOB (PU3NYECKOrO SKCIEPUMEHTA
(9kcriepuMeHTaNbHBIC HcciaenoBanus [lonomapeBa A.b. m 3omorosyoosa JI.I'.). B
JIOTKE CMOJIETTMPOBAH YYaCTOK JJOPOKHOTO MOJIOTHA C MOJOCThIO B OCHOBAHUU U OBLITU
M3MEpPEHbl MaKCUMaJIbHbIE YCUIUS U OTHOCUTENIbHBIC JepopMalii B IPOIOJILHOM U
MONEPEYHOM HaIpaBJIECHUH B TeoMaTepualie, B3aUMOICHCTBYIONIEM C TPYHTOM.

[Io MpOYHOCTHBIM XapaKTEPUCTUKAM TeoMaTepuas, UCHBITAHHBIM B JIOTKE C
IPYHTOM, aHAJOTHYEH TreocHHTeTHYeckomy Matepuany Huesker Stabilenka 400,
MIPOYHOCTH KOTOPOTO COCTaBJISIET B MpoaoibHOM HampaBieHun — F=400 xkH/Mm, a B
nmonepeyHoe HampapneHun — F=50 kH/M. Drtor reomarepman OBbUI HCIBITAaH B
paspeiBHOM MammuHe B cooTBeTcTBUU ¢ ['OCT 55030-2012.
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[To pe3ynpTaTaM UCHBITAHUM MOCTPOEHBI TPaUKN 3aBUCUMOCTH OTHOCUTEIHHOM
nedopMalii TeOCUHTETHYECKOTO MaTepuala OT PaCcCTATHBAIOIIUX YCUITUN, TPUMEPHI
rpaduKoB MPeCTaBICHBI HAa pUCYHKaX 2 U 3. Bcero BBINMOIHEHO 6 UCTIBITAHUM.

4m I‘ T —— *-"‘hﬁ-——_‘._f“._,“’_*—"ﬁ—k
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Hedopmaumn 8 %

PucyHnok 2 — Pe3yiibTaThl HCILITAHUSA B paspbiBHOM MamuHe. I'paduk
3aBMCHMOCTH PACTSATMBAIOIINX YCHJIHI 0T AepopManuii 1is
reocuHrernyeckoro marepuaja Huesker Stabilenka 400 B npogosisHOM
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Pucynok 3 — Pe3yibTaThl HCIBITAHMS B pa3pbiBHOM MamuHe. I'paduk
3aBHUCHUMOCTH PACTATMBAKIIMX YCUIHH OT Aedopmanuii 1/
reocuHrern4eckoro marepuaja Huesker Stabilenka 400 B nonepeunom
HANPaBJICHUU

Ilo pe3ynpraramM HUCIBITaHHS B TPYHTOBOM JIOTKE BEJIMYMHBI OTHOCHUTEIIBHOIO
YUIMHEHUS apMUPYIOLIErO 3JIEMEHTA, B3aWMOJEHUCTBYIOLIENO C TPYHTOM, HeE
npesbicuiin 1,4% B nipoponbHOM U 3,1% B momepedyHOM HampaBICHUU, MPU ITOM
pactsaruBaromue ycunus coctaBuin 118 kH/m u 29 kH/M cooTBeTCTBEHHO.

Pe3ynprarel UCHIBITAHUM ATOTO K€ reoMarepualia B pa3pblBHOM MAalllMHE U UX
CTaTUCTHYECKasi 00padOTKa MpU YCUIIUSAX PACTSHKEHUS B MPOAOJIBLHOM U MONEPEYHOM
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HarpaBiennn 118 kH/M u 29 xH/M mpencraBmenst B Tabmume 1. Tak kak
ko3¢ uumnent Bapuanuu €, < 10 %, pasdpoc TaHHBIX HE CYIIECTBEHHBIM.

Tabauua 1 — Pe3yabTaThl HCNILITAHUS F€OMaTEPHUAJIAa B Pa3pbIBHOI MalIUHE

Hedopmariu mpy UCTIBITAHUH

Ipounocts |Yeuins B | paspeisHoit Mammuse, € (%) CpennexBan- |Koapduuuenr
reomMa-jga, |reomMar-jie, Ecps (%) paruunoe Bapuanuu,C,
«H/m <H/m Homep ucnsitanns OTKJIOHEHHE, G,y |(%)

1 2 |3|4|5] 6
400 118 2,7 28 (29128 128(3,1 (2,85 0,14 4,84
50 29 42 43 |44142143144 |43 0,09 2,08

CpaBHEHHE pE3yJlbTaTOB ASTHUX 2-X HWCMBITAHUNH (B TPYHTOBOM JIOTKE U B
pa3phIBHOM MalllMHE) TMOKa3bIBaeT cienyromiee. [lpu aHamm3e OTHOCUTENBHBIX
nedopmanuii  (yIUIMHEHH) TreocuHTeTHYeckoro Matepuana (Tabnuma 2) Obuto
YCTaHOBIICHO, YTO MPHU PACTSHKEHUH reoMaTepralia Ha pa3pbIBHOW MallluHe, BETMYUHA
nedopmalvii 3HaYUTEIHLHO OOJIBIIE, YeM MPHU UCHBITAHUN B TPYHTOBOM JIOTKE. DTO
MOXHO OOBSICHUTH TEM, UYTO NPHU HCIBITAHUA B TPYHTOBOM JIOTKE MOSBIISIETCS
B3aMMOJICCTBHE TeoMaTepHaia ¢ TPYHTOM, TO €CTh PACTATHBAIONINE YCHIHS B
reoMarepuraje BOCIPUHUMAIOTCS TaK)KE€ U OKPY>KAIOIITUM TPYHTOBBIM MacCHBOM, UTO
Y CHUKACT OTHOCUTENbHBIC JehOopMaIiK reoMaTeprara.

Tab6auua 2 — OTHOCHTE/IbHBIE 1e()OPMALIMU T€OCHHTETHYECKOT0 MaTepuaJa

TpoutocTs Pactarusaroiue | OTHOCUTEIBHBIE OTHOCHUTENLHEIE
CUJIUA B | nedbopmauuu £ 1pu | nedhopMaluue npu
reomarepuarna, Y Aegopman pu | neopman max 1P
CH/nm reoMarepuare, UCIBITAHUA B | HCIIBITAHUU B
kH/m TPYHTOBOM JIOTKE, % | pa3pbIBHOI MaimuHe, %
400 118 1,4 2,85
50 29 3,1 43

ITo pe3ynmpTaTaM CpaBHEGHHS OSKCIICPUMCHTAIBHBIX JAHHBIX  OTMPEICIICH
KO3 GULIMEHT, KOPPEKTHPYIOIIMI OTHOCUTEIbHBIE JegopMallid TreoMaTrepuaa,
B3aMMO/ICHCTBYIOIIETO C TPYHTOM:

€ max
fa= : (1)

€
rae f; - xodpduumeHt, yduThIBalOmUN paboTy reomarepuana B TPyHTOBOH

cpexne;

€ max - OTHOCUTEIBHOE YUIMHEHUE TeoMaTepralia, ONPEACICHHOE B Pa3pbIBHOU
MAIIIUHE;

& - OTHOCUTEIBHOE YIJIMHCHHE TeoMaTepualia MpPU HCIBITAHUA B TPYHTOBOM
JIOTKE.

Pacyer BbINOSHEH JIsI TOPOAOJBHOTO W MONEPEYHOrO  HAIMPABICHUS
F€OCUHTETUYECKOTO MaTepraia;

)

85
fa Npo/l0/IbHOE — 14 = 2,03, (2)
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4,3
fd nonepeyHoe — ﬁ = 1,38. (3)

O10T KO3()(UIMEHT TaKke MOXKET YCIOBHO XapaKTepH30BaTh YBEIHMUYCHUE
)KECTKOCTH TeoMaTepHaia, B3auMOJICHCTBYIOIIEIO C TPYHTOM, B YCIIOBHUSIX €rO
neopmupoBanus B rpyHTtoBod cpexe (EA,=f;*EA). s reomarepuana THIa
Huesker Stabilenka 400 on mMokeT OBITh MPHHAT PaBHBIM 2, a JJISl IPYTHX THIIOB
I€OCHHTETUYECKOTO MaTepraa OH MPUHUMAETCS Ha OCHOBAHHUHU 3KCIIEPUMEHTATBHBIX
UCCIICNOBAHUM.

B Tperbeil riaBe aHaNM3UPYIOTCSA PE3YJIbTAThl YUCIEHHBIX U TEOPETHUYECKUX
UCCIICOBAHU OCHOBAHWS HAChIIM  JIMHEWHOTO  COOPYXKEHHUS, YCHIEHHOTO
F€OCHUHTETUYECKUM MaTepuaioM, IpU yCIOBUU OOpa30BaHUs KapCTOBOM IMOJIOCTH B
KapCTYIOIIMXCS TPYHTaX OO0 KPUTHYECKUX PAa3MEpPOB, MPHU KOTOPBHIX HE MPOUCXOAUT
“BCILIBITHE” MOJOCTH U 00pa30BaHKE MPOBaia B OCHOBAHUU HACHIIIH.

ITo pesynbraram YUCIEHHBIX HCCIEIOBAHUM pa3pabOoTaH WHXEHEPHBIM METOJ
pacuera yCWINM U OTHOCUTENBHBIX AedopMaluii reOCUHTETUYECKOro MaTepuania, a
TaKkKe pasMepa MyJbIbl MPOCEAaHUsT B 3aBUCHUMOCTH OT JUaMeTpa IMOJIOCTU B
KapCTYIOIIUXCSl TPYHTaX, PACCTOSIHUS IO KPOBJIM KapCTYIOIIUXCS TPYHTOB, BBICOTHI
HACBITIA M KECTKOCTH reomMarepuaina. J[aHHbIe pe3yibTaThl MO3BOJISIOT BBITOJHUTH
MMOBEPOYHBIE PACUYEThl TEOCMHTETUYECKOT0 MaTepuaia, mojJoOpaHHOro U3 pacuera Ha
oOpa3oBaHHME TpoBaJia, a TaKXKe€ MOTYT OBITh MCIOJB30BAHBI MPU YCTAHOBKE Ha
reomarepuaie TEH30JlaTYMKOB. B 3TOM ciydae mno pe3yiabTaram HU3MEPEHUs
OTHOCUTEJBHBIX JehopMalii TEeOCMHTETHYEKOro MaTepuaia MpeACcTaBIsSIeTCs
BO3MO>KHOCTbh KOHTPOJISI AIMHAMUKHU POCTA MOJOCTU B KAPCTYIOIIUXCS TPYHTAX.

C noMmoIbl0 TEOPETUYECKUX HCCIEIOBAHUN pelleHa 3ajayda OIpeeTCHUs
MaKCUMaJbHOTO Tporuda reomarepuaia M JOPOKHOTO IOJOTHA HaJ KapCTOBOM
MOJIOCThIO TMpHU OOpa30BaHUM MYJIBJbl MPOCENAHUs, pa3Mep KOTOPOW 3aBUCUT OT
JMaMeTpa MOJOCTH U PACCTOSIHUS IO KPOBJIM KapCTYIOIIUXCSI TPYHTOB.

Mertoavka nIpoBeACHUS YUCIEHHBIX UCCIIEA0BAaHUN BKIIIOUAET CIICIYIOIIEE:

— BBINIOJIHEHHE BepU(PHUKAIIMKA PACUETHOM MOJENHU JJIs MPOBEACHUS YMCICHHBIX
AKCIIEPUMEHTOB;

— TPOBEACHHE MOJHOrO (PaKTOPHOTO IKCIEPUMEHTA ISl ONpeesieHus Hauboee
3HAUYUMBIX BapbUPYEMbIX (PAKTOPOB, BIUSIOMIUX HA YCHUIIUS B T€OCHHTETHUYECKOM
MaTepuale;

— aHaIM3 TMPOEKTHBIX PEHICHUH ¢ HWHKEHEPHO-TCOJIOTMYECKUX YCIOBUM
3eMJITHOTO TIOJIOTHA Ha KapCTOOIACHBIX YYacTKaxX JIMHEWHOro COOpyeHus (Ha
MpuMepe aBTOMOOMIIBHOM IOPOTH) M TTOATOTOBKA MCXOHBIX JAHHBIX JJISI YUCICHHBIX
pacueTos;

—  BBITIOJIHCHHE YMCJICHHBIX PACUeTOB, AaHAJIU3 PE3YIbTATOB pacueTa 1 pa3padoTKa
AHAJIMTUYECKUX NH)XEHEPHBIX METOJIOB pacyeTa apMUPOBAHHOTO OCHOBAHMUSI.

HucnieHHbIE pacyeThl BBIOJIHSUIUCH B TIJIOCKOW U TPOCTPAHCTBEHHOM IMOCTAHOBKE
C WCIOJIb30BAaHUEM BEepUPHUITMPOBAHHBIX TPOrpaMMHBIX KoMiiekcoB PLAXIS 2D u
3D. Pacuernas monens PLAXIS 3D npuBenena na pucynke 5. [{ns MmoaenmpoBanus
MOBEJICHUS TPYHTA KCIIOIb30Balach ynpyromiactuyeckas mojaenb Mopa-Kyrnona.
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Pa3mepsl pacueTHOM 00J1aCTH OMpeIeTICHBI U3 YCIOBUS OTCYTCTBUS BIUSIHUS €TO
Ha pe3yibTaThl pacyueTa, a y3Jibl Ha BEPTUKAIbHBIX TPaHUIaX 00JaCTH 3aKPEIUICHBI 110
X u Y Ha Tropu30OHTaJbHOM rpaHune - mo Z. Kak MOKa3pIBalOT HCCIIETOBAHUS
POCCUICKUX YYEHBIX MOJ3EMHBIX BBIPAOOTOK, YK€ Ha PACCTOSIHUM 31 OT TPaHMII
BBIpAaOOTKK (T/ie T — paauyc BBIPAOOTKH) HAOJIOMACTCS JIHIIL HE3HAYUTEIHHOE
U3MEHEHHUE HANpPsDKEHUH, KOTOPBIM MOXHO mpeHedpedb. [loaTomy pacueTrHas o6acth
B TOPU30HTAILHOM HaNpaBICHUH MOKET ObITh TpUHSTA HE MeHee 4d, rie d — pacueTHbIN
JMaMETpP KapCTOBOM MOJIOCTH B KAPCTYIOUIUXCS TPYHTAX.

ApMHpPYIOIIANM TE€OCHHTETUYECKAM MaTepuanl MOJEIUPYETCA € IOMOUIBIO
CIICIMAIBHOTO 3JEMEHTA C TMapaMeTpoM HOpMalibHOW (oceBoil) xecTkocT EA,
paboTaIINK HCKIIFOUUTENIBHO Ha PACTKEHHUE.

R EREEEEEEERE BT

1
|
|
off —~
l
!
|
|
|
|

s I
Pl/lcyHOK 5 —PacuerHasn MOA€Jb YUCJICHHBIX I/ICCJIeI[OBaHI/Iﬁ

UucneHHoe MOJEIMPOBAHUE MOATANTHOTO OOpa3oBaHUs TOJOCTH W pOCTa €€
Pa3MEpPOB BBINOJHSIUCH C UCTIOJIb30BAHUEM KOHEYHORJIEMEHTHOM MOJAEIN TPYHTOBOIO
MaccMBa TIyTeM MCKJIIOYEHHUsS OCIa0JIeHHbIX 30H (30H JIOKaJIbHOM TOTEpHU
YCTOWYMBOCTH) BOKPYT KapCTOBOW TOJIOCTH MPH TOCTOSSHHOM KOHTPOJIE YCIIOBUMN
paBHOBECHS CBOJA.

Kontponbs paBHoBecusi cuctembl (Mstage=1) BBINOTHSAETCS MPU KaXJIOM HOBOM
MOJIOKEHUHU CBOJIa JI0 TEX MOp, TOKa OYEPeTHOE MCKIIIOUEHUE OCIA0JICHHBIX 30H HE
MPUBEJICT K MOJHOW MOTepHU YCTOMUMBOCTH cucTeMbl (Mstage<l), xapakrepu3yromiei
Ha4yaJIo MMPOTrPECCUPYIOLIETO Pa3PYILICHUS.

Pacuet BBINOJIHAICS B CEAYIOLIEH MOCIEA0BATEIILHOCTH:

— omnpexaensiercsa ucxognoe HJIC rpynToBoro maccusa;

—  BBITNIOJIHSAETCA CEPUS PACUETOB C MOATAITHBIM YBEJIMUCHUEM PA3MEPOB KAPCTOBOMN
MOJIOCTA B KApCTYIOIIUMXCA TPyHTAaX, a B IMPOLECCE BBIIOJIHEHUS PAaCUETOB
KOHTPOJIUPYETCS POCT «CBOJA OOPYIIECHUS» HA/I KAPCTOBOM MOJIOCTHIO.

Bepuduxkarus pacueTHOM MOIeTTH BBITIOJIHEHA ITyTEM COMTOCTABJICHUS PE3YJIbTaTOB
YUCIICHHOTO MOJEJIMPOBAHUS C PE3YJbTaTAMHU MCIBITAHUN reomarepuana Haj
MOJIOCTBIO B JIOTKE C TPYHTOM. OnucaHue 3TOro SKCHEpPUMEHTA MPEACTABICHO B TIaBE
2.

PacyeTbl BBITIOTHAIOTCS TOJBKO MNPH YCIOBUU «YCTOMYMBBIX CBOJIOB», T.€.
«BCIUIBITHE» KAapCTOBOM TOJOCTH HE TMPOUCXOJUT NPU HJOCTHKEHUHU IOJOCTH
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3HAUUTENBHBIX pa3MepoB. BpIMojlHEHWE MaHHOTO YCIOBHUS HAOMIOJaeTcs A
TJIMHUCTBIX TIOKPOBHBIX TOJII HAJl KAPCTYIOMIMMUCS TPYHTaMHU.

[Io pesynapTaTam pacyeTa ONPEACNSAIOTCS YCWIMS B TIE€OCHHTETHUYECKOM
MaTepuaie Mpu BapbUPOBAHUHU pa3Mepa KapCTOBOM MOJIOCTH B KAPCTYIOIIUXCS TPYHTAX
(D, pucynok 5), momHocty mokpoHoi Tommu (H, pucynok 5) u Beicotsl Haceimu (h,
pucyHok 5). HawmOombiras 3HAYMMOCTh JAaHHBIX BapbUPYEMBIX (AKTOPOB TIpH
OTpeeNiCHUN YCWIMKA B TreoMaTepuanie oIpejaesieHa IO pe3ysbraTaM (PaKTOPHOTO
HKCIIEPUMEHTA.

XapaKTepruCTUKN BapbUPYEMBIX (DAaKTOPOB, a TAKXKE XAPAKTEPUCTHKU TPYHTOB
MMOKPOBHOW TOJIIIM, KAapPCTYIOIIMXCS TPYHTOB W HACBHINU JIMHEHMHOTO COOPY>KEHUS
ONpEeNeNICHbl MO0 pe3yJbTaTaM aHajlin3a NPOEKTHBIX PEHICHUA U HWHXKEHEPHO-
reOJIOTUYECKUX YCJIOBUN CTPOMUTENIbCTBA 3€MIITHOIO IMOJIOTHA HAa KapCTOOIACHBIX
ydacTkax aBToMOOWIbHOU noporu M-12 «Mocksa — Huwxnauit Hosropoa — Kazanby.

[IpuHsTa cnenyroias Bapuanusi UCXOIHBIX JTaHHBIX:

— BBICOTa aBTOA0POkHOM Hackinu (h) oT 2 10 6 Mm;

— paccTosiHME 10 KpoBiH Kapcryromuxcs rpyHToB (H) - 5, 10, 15 1 20 m;
— JMaMeTp MOJIOCTH B Kapceryromuxcs rpyHTax (D) ot 2 1o 6 MeTpos;

— riyOuHa 3an0xenus reomarepuana (hs) — 1 m;

— JKECTKOCTb reocuHTeTnueckoro marepuana EA — 1700 kH/m.

XapaKkTEepUCTUKU TPYHTOB JOPOKHON HACBIIM M OCHOBAHUsS MpEJCTaBICHA B
Tadnmre 3.

Ta6auna 3 — XapakTepucTHKH TPYHTOB Pac4YeTHOI MOIeIH

Mapamerp Kapcryromuecs | IloxkpoBuas | Jopo:xkuas
TPYHTBI TOJIIIA Hacbinn
HaumenoBanue N3BecTHSIK CyrimHOK ITecok
VnensHblii Bec, kH/M3 18,9 19,0 18,0
Monyns nedopmanuu, kH/m2 | 120 000 20 000 28 000
VnenbHoe cruemienue, kH/mM2 | 700 30 1
VYron BHyTpenHero tpenus, © | 30 17 28
Koaddumment [lyaccona 0,29 0,35 0,30

[To pe3ynpraraM pacyera ONpPEAESINCh TAKKE Pa3MEPbl MYJIbJIbl TPOCEIAHUS
OCHOBAHHUS M YCTOMYMBOCTH OTKOCOB JIOPOKHOM HACBIIIH.

Bcero mpowmssemeno 60 pacueToB B IMPOCTPAHCTBEHHOW IOCTaHOBKE W 18
pacueToB B INIOCKOW MOCTaHOBKE. [0 pe3ynbraTaMm pacueToB B INIOCKOM NOCTAHOBKE
OIICHWBAJIACh JUHAMUKA U3MEHEHHS HAIMPSIKEHHO — Me(HOPMUPOBAHHOTO COCTOSHUS
apMHUPOBAHHOTO OCHOBAaHHWS, a MO pPe3yJibTaTaM pacuyeToB B MPOCTPAHCTBEHHOU
MMOCTAHOBKE pa3pabOTaHbl AHATUTUYECKUE PEIICHUS IS OMpENeICHUS YCHINNA U
nedopmanyii B T€OCMHTETHYECKOM MaTrepuajie MpU POCTe KapCTOBOW IMOJIOCTH B
KapCTYIOLIUXCS TPYHTAX.

Ha pucynke 6 mpeacTaBiieHbl BEpTUKAIbHBIE TIEPEMEIIEHUS TPYHTA MOKPOBHOM
TOJIIIIM ¥ HACHITIK aBTOMOOMJIBHOM JIOPOTH HaJ KapCTOBOM MOJIOCTHIO, @ HA PUCYHKE /
nedopMali T€OCUHTETUYECKOT0 MaTepuasia, KOTOPbld BOCIPUHUMAET HArpy3Ku OT
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Beca HachIliM HaJ MojocThio. Ha pucyHke 8 mokaszaH cBOJ B IpyHTaX MOKPOBHOM
TOJIIIH.

[*10 -3 m]
q,53
8,92

-17,37

-26,32

-35,26

44,21

-53,16

62,11

-71,05

-80,00
PucyHok 6 — BeprukanabHble nepeMeleHUsi TPYHTA NOKPOBHOI TOJIIIM U
HACBINIK ABTOMOOMJILHOM JOPOTrU NIPH 00pa30BaHMU KAapCTOBOM MMOJI0CTH, rae 1 —
JAOPOKHAS HACBIND, 2 — IOKPOBHAA TOJIIA, 3 — KAPCTOBAA M0JIOCTH

,

{ \
' Uz max=8,3 *103m 2

Pucynok 7 — Jlepopmanum reoCHHTETHYECKOTO MaTepuajia npu
00pa3oBaHMU KAPCTOBOI MOJIOCTH, I/1e 1 — 10pPoKHASI HACBHINb, 2 — MOKPOBHAS
TOJIA, 3 — KAPCTOBAsl MOJIOCTh, 4 — 3MIOPA BEPTUKAJIBbHbBIX NepeMelleHn i
reomMarepuaJjia

Pucynok 8 — O6pa3zoBaHue «CBO/a OOpYyIIEHHs» B TPYHTaX MOKPOBHOI
TOJIIH NIPH PA3BUTHH KAPCTOBOI MOJOCTH B KAPCTYIOIIMXCHA IPyHTAaX, rae 1 —
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JAOPO’KHAS HACHINDb, 2 — IOKPOBHAs TOJIIIA, 3 — KAPCTOBas MOJIOCThb, 4 —
NMPOrHO3MPYeEMbIii CBO/JI O0PYIIEHHS], TOYKH IJIACTHYECKUX AeopManuid

[Tomy4yeHHble pe3yabTaThl MO BCEM MOJIENSIM IMpeicTaBieHbl B Tabnuue 4.
['paduueckass uHTEprpeTanusi pe3ydbTaTOB IpelcTaBlieHa Ha pucyHke 9. B
pe3ysbTaTe PErpecCHOHHOrO aHallu3a YCTaHOBJIEHA CBSI3b MEXAYy Oe3pazMepHBIMU

D
napaMeTpaMmu u — , rae N — pacrarusaromue ycunus r.m. (kH/m), (EA)q, —

(EA)rp H
KECTKOCTh FT€OCUHTETUYECKOTO MaTepraia B3auMOACHCTBYIOLIETO ¢ rpyHTOM, (KH/M);
D — aguamerp kapctoBoil mojoctd (M); H — MOIIHOCTH NMOKPOBHOW TOJIIU HaJ
KapcTyromuMucs: rpyHTamu (M). [lomrydeHsl JIMHEHHBIE 3aBHCUMOCTH BHa y=ax+Dh
(pucynok 9) ¢ kosdpumenTom koppemsuun R? = 0,76.

KoadpdunmeHnt «a» Moxer ObITh MPUHAT MOCTOSHHBIM M paBHbIM 0.0002, a
KOX(QPUIHEHT D HEMOCPEICTBEHHO 3aBUCHT OT BBICOTHI aBTOI0POKHOM Hackiu (h)

N D
= 0.0002 +b. (1)

Tax kak oOpylleHHEe NOKPOBHOM TOJIIM HE MPOUCXOAUT, T€OCHUHTETUYECKHI
MaTepuaj BOCIPUHUMAET Ae(POpMall COBMECTHO C TPYHTOM OCHOBAaHMs HACBINH,
03TOMY, 3HaueHue napamerpa (EA), B COOTBETCTBUY C UCCIICIOBAHUEM, OITUCAHHBIM
B rnaBe 2, npunumMaetcs paBabii fy (EA), rme EA — skcmmyaranimoHHast )K€CTKOCTb

reomarepuaina mo 'OCT 55030-2012.
N

D
T (O.OOOZE +b). (2)
I'paduk 3aBucuMocTH kKodddunmenta «b» ot Ge3paszmepHoro nmapamerpa hg/h,
rae hy — riyOMHa 3al0XKCHHMS TE€OCHHTCTHUYECKOIO Marepuaia (PHUCYHOK 5),
npejactasieH Ha pucynke 10.

Ta6auna 4 — Pe3yibTaThbl YMCJIEHHOT0 PacyeTa pacTArTMBAIONIUX YCHIMTA

Brrcora JuameTp PaCTHFI/IBaEOIHI/Ie ycunus (KH/VM) NpA  MOIIHOCTH
MOJIOCTH, MTOKPOBHOM TOJIIIM HAJl KAPCTOBOM MOJOCTHIO
HACBIITH, M SM 10Mm 15Mm 20Mm
2 0,932 0,488 0,399 0,315
2 4 1,231 0,502 0,393 0,303
6 1,625 0,581 0,372 0,244
2 0,692 0,737 0,584 0,468
3 4 0,77 0,768 0,578 0,465
6 1,207 0,863 0,572 0,454
2 0,714 0,803 0,862 0,586
4 4 0,834 0,837 0,849 0,568
6 1,39 0,965 0,841 0,527
2 0,931 1,083 0,916 0,753
5 4 1,125 1,096 0,899 0,75
6 2,01 1,258 0,872 0,683
2 0,495 1,263 1,297 0,983
6 4 0,513 1,297 1,285 0,965
6 0,795 1,542 1,27 0,902
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3amenuB kodpdumueHt b B dopmyne (2) GyHKIMOHATBHONH 3aBUCHMOCTBIO
b=0,0001(hy/h)*888  npomyumm  3aBUCMMOCTH  pACTATMBAIONIMX  YCHUIMH B
TCOCHHTETHYECKOM MaTepuaje oT auameTpa nosoctu (D) B kapeTyrommxcs rpyHTax,
MOIIHOCTH TOKpoBHOW Tojimm (H), BeICOTBI aBTOmOpOXHOW Hackimu (), TiryOWHBI
3anokeHust reomatepuana (hg) m 3KCIUTyaTanMOHHOMN KECTKOCTH TeomaTepuaia EA

103+ N = fy EA * (0.2 x 2 + 0,1+ (397°9). (3)
Hcnonesys popmyiy (3), MOIyIHMM 3aBHCHMOCTH AHaMETpa MOJOCTH OT YCHIIUH
B reoMaTtcpualic
D=£*< N *103—01*(E)_O'9) (4)
02 \f,EA "\ h '

B coorBerctBMM ¢  3akoHOM  ['yka OoTHOCUTENlbHbIE  AehOopMaliH
N
TE€OCMHTETHUYECKOT0 MaTepuaia (€) ONpenessioTCs OTHOIICHUEM €= £a» TOTJIA TIoCTIe

npeobpazoBanust  GopMmynsl  (4) ompeneauM  OTHOCUTENbHBbIE  Jaedopmaiuu
reoMaTtepuaia

e=fy + (022 +01%(3H)70) 1073 5)
1 auametp nojuoctu (D)
_H (& 3 hg) ~0-
D= 0.2*<fd *10 0’1*(h) ) (6)
0,0012
0.001 y = 0,0003x +/0,0006
[ ] /I
0.0008 g
2 ® ’/" Y T
t* y = 0,000 ,0003
;5 0.0006 (5) :.4/"’:'
z 34 "y = 0,0003x 40,0003
(4) ® r l;
0.0004 = .
ee L ]
(2) . —1 y = 0,0002x 4 0,0002
0,0002 °
(1) = ‘

0 0,2 0.4 0.6 0.8 1 1.2 1.4
D/H

Pucynok 9 — I'paduk 3aBucumoctu ycuiuii B reomarepuasie (N) or
’KECTKOCTH reoMarTepuasia, B3aumojaeiicreywomero ¢ rpyurom(EArp), imamerpa
nosioctu D m MmourHocTH nokpoBHoii Tojmu (H) nmpu BbicoTe Hackmu (h): 2 m —

(1),3mM—-(2),4m—-(3),5 m—(4),6 m—(5)
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0.0007

[~
H
L o
Z  0.0006 .
5
S a
Z 0.000s X
Z N
= 0,0004
: <
2 0.0003 . .
¥ y = 0,0001x 0588 T~
2 0.0002 e~
o
50,0001
=z
m
& 0
0 0.1 0.2 0.3 0.4 0.5 0.6
hs'h

Pucynok 10 — I'paduk 3aBucumoct ko3dpdunuenta b ot hg /h
[Ipy mpoBeNEHUM YHUCICHHOTO WCCIEAOBAaHUS TaK JK€ OMPEAeIsICS pa3Mep
MYJIBIBI MPOCEIAHUSI TPYHTa OCHOBAHHS HACHITM B 3aBUCUMOCTH OT MOIIHOCTH H
Moayss JedopMaIiii rpyHTa MOKPOBHOW TOJIIIHM, BHICOTHI aBTOJIOPOKHON HACHITIH,
MIPOYHOCTH TCOCHHTETHUYECKOTO Marepuaia. Pe3ynbTraThl pacueTa NpEICTaBICHBI B
BUJIe Tpaduka Ha pucyHke 11.
6.00

5.50 y Dlx(',-&?u-'&l L
5.00 /,_.J-
4.50 -
4.00 =
3.50 —
3,00 o
2.50
2.00

et
Il
“LH

1/D
°
\
o

05 0,7 09 1,1 13 15 1,7 19 2,1 2,3 25 2,7 29 3,1 33 35
H/D
Pucynok 11 — 3aBucumocTsb pazmepa MyJib/ibl POCEJIAHNUS OT IMaMeTpa

MOJIOCTH U TOJIIIHUHBI HOKpOBHOﬁ TOJIIH
C IMOMOMIIbKO YHUCJIICHHOI'O pacd€Ta U PErpCCCHMOHHOI0 aHaJin3a YCTAaHOBJICHA

H
CBSI3b MEXKy TIapameTpamu [ u o> Tae [ — pazmep MynbIbI IPOCENAaHUsI, U TTOTy4YEHA

l H
CTeTIeHHas 3aBUCHMOCTh — = f (3) Buaa Y=ax" ¢ ko>PumEeHToM Koppenanuu R?
=0,84

l H
— =3 % (- 0.43. 7
L=3:( )

[Tonyuennass ¢gopmyna (3) TMO3BOJISIET OMPEACIUTH MaKCUMAJIbHBIC YCHUIIUS,
BO3HHMKAIOIIME B reoMaTepHalie MPH POCTE IMOJIOCTH B KApCTYIOUIUXCS TPYHTAX JI0

KPUTHUYECKHUX Pa3MEPOB, NMPU KOTOPBIX HE MPOUCXOAMUT “BCIUIBITHE “ MOJOCTH MOJ
ocHoBaHue Hacwiu. [lomyueHHbie hopmysl (5) u (6) TO3BOSIFOT TaKke KOPPEKTHO
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TapupoBaThb TEH30JATUYMKHM, YCTAHOBJIEHHBIE HAa TIeoOMarepual MNpH 3aJaHHBIX
JuaMmeTpax KapcTOBOIO IPOBaja U 1o pe3yJibTaTaM U3MEpPEHUH yCTaHABIMBATh HAYaJI0
poLecca pocTa MoJIOCTH B KapCTYIOLIUXCS TPyHTAaX.

ITomy4yeHHas 3aBUCUMOCTb MYJIbJIbI IPOCEAAHNS ApPMUPOBAHHOTO OCHOBAHUS HaJl
pacTyIiei KapCTOBOU MOJIOCTBIO (/) UCIIOIB3YETCS B AHATUTUUECKOM PACcUETe 0CaJ0K
nopoxxHoi Haceima (13).

[Ipumepsl pacyeToB MPOTUBOKAPCTOBOM 3aIIUTHI JUHEHHOTO COOpYKEeHUs (Ha
npuMepe aBTOMOOWJIBHOW [OpOTH) C HCHOJIb30BAaHUEM MPEIIOKEHHBIX (hopmy
MIPUBEECHBI B riase 4.

[Ipu cranmapTHOM pacuere JUisi NPOEKTUPOBAHUS  MPOTHBOKAPCTOBBIX
MEpONPUATHIA TYTEM ApPMHPOBAaHUS OCHOBAHHUS T'€OCHHTETUYECKHM MAaTEpUAIIOM,
KapCTOBBII ITPOBAJI pacCHoOJaraeTcs B OCHOBAaHUH HACBIIIM AaBTOMOOUIIBHOU JOPOTH MOJT
IIPOE3XKEN YACTBI0 M ONPENEIAETCS OTHOCHUTENIBHOE YIJIMHEHUE W PaCTATUBAOIINE
ycuinusi B TreoMarepuale, a Takke AepopMaluu JOpOXHOro mosioTHa. OpHakxo,
BO3MOXXCH HEOJAaronpusATHBI BapUaHT, KOTJAa KapCTOBbIM MpoBan (BOPOHKA)
BO3HMKAET B 30HE OTKOCAa HACBIIM W IIO3TOMY HE MEHEE BAXKHBIM PaCUYECTHBIM
KPUTEPUEM 3allUTHI SIBJISIETCS] YCTOMUMBOCTh HACHIIU MOCJIE 00pa30BaHuUsl KapCTOBOM
BOpOHKU. JlaHHBIA pacueT He SBISETCS O00A3aTe€IbHBIM B COOTBETCTBHM C
JNEUCTBYIOUIMMU HOpMaMM M MeToaukamu. Ho paspyiieHue OTKOcOB BOIU3H
KapCTOBBIX BOPOHOK BO3MOXXHO, HAallpUMEp TaKoe€ pa3pylIeHUE 3a(pUKCHPOBAHO Ha
o0bekTe «ABTOMOOMIBbHAs aopora P-240 Ypa — Opendypr km 72 (KanbunpoBckas
ropa).

JUIs OUEHKH BIMSHHUS PACUYETHBIX IMapaMETPOB KapCTOBBIX Aedopmanuii Ha
YCTOMYMBOCTh OTKOCA HACHIIM BBIIOJHEHbl pPACUEThl HAa OCHOBE YHCJIEHHOTO
MOJIETTUPOBAHUS HAIPSHKEHHO-1€(OPMUPOBAHHOTO COCTOSIHUSI OCHOBAaHUS C yYETOM
apMUPYIOLIEH MPOCIOWKN OCHOBAaHMS HAChIM M3 T'€OCUHTETUYECKOTO MaTepuala U
INPOEKTHBIX HArpy30K C HCIOJIb30BaHUEM BepPUPUIMPOBAHHOTO MPOTPaAMMHOTO
komriekca PLAXIS npu ycnoBuu o0pa3oBaHusi KapCTOBOTO MpPOBajia B OCHOBAHHUH
JIOPO>KHOTO IMOJIOTHA.

VYcaoBue 10CTaTOYHOM yCTOWYMBOCTH OTKOCOB HACBINM IPHU CTPOUTENIBCTBE HA
cnenupuuecknx rpyntax B coorBerctBuu ¢ CII1 34.13330.2021 n. 7.25 onpenensercs
OTPaHMYEHUEM BENMYMHBI KOdQduimenTa yctoiunBocTH (Kye, = 1.3).

KoaddunmeHT yCcTORYMBOCTH OTKOCOB HACBIIK OIMPEACISIETCS COOTHOIICHHEM
CIBHTAIOIINX M YAEPKUBAIOIIMX CHII IO CABUTOBOM MOBEpXHOCTH. 110 pe3yiapratam
YHCJCHHBIX PACYETOB YCTAHOBJIEHO, YTO M3MEHEHHE (DOPMBI CIABUTOBOM MIOBEPXHOCTH
npu GUKCUPOBAHHOM JHAMETPE MPOBaja IO/ HACKIIBIO 3aBUCHT OT MECTOMOJI0KECHHUS
npoBana. Hambosiee cCylecTBEHHOE CHIKCHHE YCTOWYMBOCTH (IO CPaBHEHHIO C
pacueTamu 10 OOpa30BaHHUS MpoBayia) HaOMOAAeTCs JUIS MpoBaja IMOJ OTKOCOM
(pucyHok 12).

Jns moadopa KECTKOCTH FEOCHHTETHYECKOI0 MaTepHalia BBITOJHEHBI PACUEThI
apMUPOBAHHOTO JIOPO’KHOTO TMOJIOTHA Ha O0pa3oBaHME KapCTOBOrO IpoBaja B
OCHOBAHMU IO MPOE3KEH YaCTHIO HACKIITH 10 CYIIECTBYIONUM METOIUKAM.
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Ta6auna 5 — 3Havennss Ko3PPUUMEHTA YCTOHYMBOCTH HACHIITHU

Beicora | Iuamerp | Kecrkocts | Koag. yer. Kosg. ‘yer. | Kood. yer. | Koog. yer.
OpoBajJ MOJ | MpoBaJl B | MPOBAI 32

HACBINM, | IPOBAJIA, | TeOMATEPHA | HACKINK 10 | . OCH. OTKOCE. | OCH. OTKOCA
M M aa, kH/m fposaia puc. 12 a) puc. 12 b) | puc. 12 c)

1 60 1,28 1,29 1,3
4 H k) 1

2 170 131 1,2 1,3 1,3
5 1 60 13 1,27 1,28 1,3

2 170 ’ 1,22 1,25 1,29

1 60 1,29 1,32 1,35
0 2 160 1,35 1,32

1,09 1,33

a) b) c)

Pucynok 12 — [loBepxHOCTH cABUTra NpH 00Pa30BAHMHU KAPCTOBOI0
npoBaJjia: a) MpoBaJj moJ 0TKocoM; D) mpoBay B 0CHOBaHWH 0TKOCA; C) MPOBAJ
3a OCHOBaHHEM 0TKOCA

Pe3ynbTaThl pacuera yCTOMYMBOCTH OTKOCAa HACHIMUM aBTOMOOWJIBLHON JOpPOTH
(PLAXIS 2D), ocHoBaHHME KOTOPOH YCHJIEHO T'€OCHHTETHYCCKHUM MateprayioM (1o
CYIICCTBYIOIIUM METOMKAM), IPH 00pa30BaHUN KapCTOBOTO MPoBajia pa3MepoM 1-2m
B OCHOBAHMM OTKOCA HACHITIY MPUBEICHBI B TAOJIHUIIC .

AHau3 pe3ysabTaToB, MPEJICTABICHHBIX B TaOIMUIE 5, MOKa3bIBAET, YTO MpPHU
noj00Ope TeOCHHTETUYECKOTO MaTepualia B COOTBETCTBHU C CYHIECTBYIOIIMMU
METOJMKaMHU TPEOOBAHUE YCTOMUUBOCTH HACKIITN HE COOTIOAACTCS.

[To pe3ynbTaTam pacdeToB YCTOMYHMBOCTH OTKOCOB TP 00pa30BaHUU KapCTOBOTO
npoBajia TOJ OTKOCOM B mpoctpaHcTBeHHON moctanoBke (PLAXIS 3D)
MOATBEPXKJAEHO, YTO MPU TOA00pEe TEOCHHTETHYECKOTO Marepuajga TOJBKO B
COOTBETCTBHUH C CYIIECTBYIOIIMMUA METOJUKAMH TPEOOBAaHUE YCTOWYMBOCTU HACHIMH
He coOmrogaercs. [Ipu sToM yBenmuyeHue MPOYHOCTH TeoMaTepuaia He YBEIUYUBACT
YCTOMYMBOCTh OTKOCOB, YTO MOJKET CIPOBOLMPOBATH Pa3pylIEHUE OTKOCOB JIOPOTH
Jaxxe TMpU YCIOBUM apMHUPOBAHUS OCHOBAHUS N€OCHHTETUUYECKUMU MaTepHuaaMHu.
JlaHHble pe3yibTaThl  OOOCHOBBIBAIOT HEOOXOIMMOCTh BBITIOJIHEHUS pacyeTa
YCTOMYMBOCTH OTKOCOB JIOPOKHOM HACBINM, APMUPOBAHHOW TI'€OCUHTETUYECKUM
MaTepualioM, Ha 00pa30BaHKUE KAPCTOBOTO MPOBajia Mo OTKOCOM HACHIMH.

C 1enpio OIEHKHM MUHUMAJIBHO HEOOXOJUMOM 30HBI apMUPOBAHMS OCHOBAHUS
HACBhINIM, KaK MEpbl MPOTHUBOKAPCTOBOM 3alllMThI, pEIIeHa 3ajJada OIpeieiacHus
MaKCUMAJIbHOM OCaJKU JOPOKHOM HACBIIM HA OCHOBAaHUHU, APMHUPOBAHHOM
F€OCUHTETUUYECKUM MaTEPUAIOM, HaJl KApCTOBOM MOJIOCTHIO B KAPCTYIOIINXCS TPYHTAX
B 3aBHCHMOCTH OT PAcCTOSHHS 10 KPOBJIM Kapcryromuxcs rpyntos (H), muamerpa
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nojioctu (D), BeicoThl mopoxkHoi Hackinu (h) 1 Mynbasl mpocenanus (l) Pacuetnas
cxeMma Ha pucyHke 13.

B nentpe mynbabl (pucynok 13, x=0) ocanka-MakCUMalIbHas!, HA KPasX MYJIb/IbI
(x=1/2) ona paBHBI HyIIO.

h(.-’

Myneaa
npoceaHus M
w

Pucynok 13 — PacueTHas cxema

Hacpimp, apmMupoBaHHas reomMaTepuaiioM, CXEMAaTUYHO MOXET  OBITh
MpEe/ACTaBICHa Kak ruOkag Oanka Oinepa-bepHyinm Ha MOAATIMBOM OCHOBAHHMH
(pucynok 13), a ocaaka OagKu MOXET OBITH OTpEAETICHA MO Pe3yJIbTaTaM PEIICHUS
ypaBHEHUS

X
—— = Yh—law (), (10)

rae, Yy u h oObEMHBIM BeC W BBICOTA NOpOXKHOW Hackinu; E,I, - u3rubHas
KECTKOCTh OayKH (10 MPEIOKECHNIO0 KUTaHCKUX YUCHBIX), Ko-K03(hPHIIMEeHT mocTemu
OCHOBAHMUH.

Eply =5 Ec + Z Eghyi®, (11)
i=1
rne E.- momynas pedopmanuu TpyHTa Hacemu, Eg -yCIOBHBIA MOMyIb
nedopmaliy reoMarepuaia Ha pacTshKeHue; /1.-pacCcTOsIHUE OT Kpasi reoMaTepuana 0
LIEHTPAJILHON JIMHUM CXEMBL.; /g ; - PACCTOSHUE OT i-Or0 JIEMEHTA 0 HEHTPAIbHON
JUHUU CXECMBI.
B pesynbrate pemienust ypaBHenus (10) momydum MakCUMalbHYIO OCaJKy W
(X=0, pucynok 13), koTopasi 10 aHAJIOTHUH CO CBOOOIHO OMEPTOM OaIKOM C M3TMOHOM
AKECTKOCThIO E, I, MOXKET ObITh MpECTaBIICHA B BU/JIC

yh51*

Y2 = 384E,1,

rie [-pa3mep Mybbl Tpoceaanus (pucyHok 13).

YuuteiBas, uyto ¢dopmyna (12) COOTBETCTBYeT IMIIMHIAPUYECKOMY H3TUOY
apMHUPOBAHHOTO OCHOBAHMS HAJl MYJbIOW MpocenaHus, a U3rH0 apMHUPOBAHHOTO
OCHOBaHUS HaJl MyJIbJOW MpoceaaHus OOJbIlle COOTBETCTBYET MONEPEYHOMY U3THOY
IJIACTUHBI, OIpe/AesieH nornpaBouHbld kodpdunuent K k dopmyne ompenenenus
ocanok (12), a makcuManbHyI0 ocaaky maopokHoi Hackimu (X=0, pucynok 13) Han
MYJIbJIOM TIPOCEIaHUs MIPEAJIOKEHO ONPENIEATh IO PopMyIie:

(12)
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yh51*

384KE,I," (13)

W3rubHnas sxecTkocTh ocHOBaHU (11), apMUPOBAaHHOTO T€OCUHTETUKOM, 3aBUCHT
OT 2-X TmapaMmeTpoB: Monayls nedopMaluyd TpyHTa OCHOBaHUS M IIUPUHBI
apMHPOBAHHOIO OCHOBAaHMS. ApMHpPOBAaHME OCHOBAHMS HAa IIMPUHY MEHEE MYJIbIbI
IPOCENAHUSI CYIIECTBEHHO YBEIMYMBAET MAKCHMAJIBHYIO OCaJIKy apMHUPOBAHHOM
TOPOYKHOM HACHIIIH.

Pe3ynbTaThl, NMOJYyYEHHBIE C MPUMEHEHHEM MPEIJIOKEHHBIX aHATUTUYECKHUX
pemiennii (3) u (13), COMOCTaBISIUCH C pe3yJabTaTaMU YHCICHHBIX PpPAaCyETOB.
Pacxoxxnenue pe3ynbpratoB He mpeBbiciiio 20%.

B yeTrBepTOM pa3naene onrcaHa METOAUKA MPOEKTUPOBAHUS IPOTUBOKAPCTOBOM
3aIMATHl ABTOJIOPOYKHOM HACHIIIM, OCHOBAaHHAs HAa WCCIEAOBaHUM, MPOBEJECHHOM B
IUCCEPTALIMOHHON paboTe, a TakkKe MPUMEHEHHE JTOW METOJUKH NpH
IIPOEKTUPOBAHUM ITPOTUBOKAPCTOBOM 3aIUTHI JOPOTH [l 3aKaPCTOBAHHBIX yUaCTKOB
Tpaccel M-12 «MockBa — Huxuuii HoBropon — Kazanby.

Meronvka  OPOEKTHMPOBAaHHS  MPOTHBOKAPCTOBOM  3aIUTHI  JIMHEWHBIX
COOPY)KEHHHM C HAaChIIbIO, apPMHUPOBAaHHOM TIE€OCUHTETUYECKUM MAaTEpUaJIOM B
OCHOBAHMH HACBHIIIH, UMEET CIEIYIOUUE OCOOEHHOCTH

— BBIOOp METOJIa MPOTUBOKAPCTOBOM 3AIUTHI OMPENETSETCS B 3aBUCHUMOCTH OT
HaJU4Msl KapCcTOBOM TMOJIOCTM B  KApCTyIOLIUXCS TIpyHTaX (HA  MOMEHT
IPOEKTUPOBAHUS) M, €CIM OHa M HE OOHAapyXeHa, TO ONpPEIEISAIONIMNM (HaKTOPOM
ABJIIETCS BPEMs Pa3BUTHS MOJIOCTU /10 KPUTHYECKUX Pa3MepoB (IIPEILIECTBYIOLIUX
HayaJly pa3pylIeHMs CBOJA HaJl ITOJIOCTBIO), ONIPEAEIIIEMOE N3BECTHBIMU B TEOTEXHUKE
METOAAaMU;

— €CIIM TOJIOCTh YK€ oOpa3oBajiach (Ha MOMEHT MPOEKTHPOBAHUSA) WM BpEMs
pPa3BUTHS TMOJOCTU JO KPUTHYECKUX PA3MEPOB MEHbIIIE HOPMATHUBHOIO CpOKa
JKCIUTyaTalliM, OCHOBHBIMH METOJAaMHU IPOTUBOKAPCTOBOW 3aLUThI SIBISIOTCA:
3aIoJIHEHKE (TaMIIOHaXK) KapCTOBBIX MOJIOCTEN, 3aKPEIUIEHUE 3aKapCTOBAaHHBIX MTOPOJ
U (W1M) BbIIENEKAIUX TPYHTOB W T. M., NPEAyCMOTPEHHbIE HOpPMaMu Ha
IIPOEKTUPOBAHME;

— €eCau  BpeMs pPa3BUTHUSl MOJOCTH [0 KPUTHYECKUX pa3sMepoB OoJible
HOPMATHBHOIO CpPOKa 3KCIUTyaTallud JIMHEHHOTO COOPYKEHHs, a KapCTYIOIIHUECs
TPYHTBl TIE€PEKPBITHI MOKPOBHOW TOJIIEH M3 TIMHUCTBIX TPYHTOB, BBIOJIHAETCS
cleylollee: aHAJIMTUYECKUH pacyeT Ha 00pa3oBaHUE KapcTOBOrO IpoBaa
IAAMETPOM, MporHo3upyemeiM B otuete MI'M, B OCHOBaHMM HAChIIM JMHEUHOTO
COOPY’KEHHsI C HCIOJb30BAaHUEM CYIIECTBYIOIIMX METOJOB pacuera U Mmoadop
TE€OCHHTETHUECKOr0 MaTepuana HeOoOXOTUMOW MPOYHOCTH; pacyeT KPUTHUUYECKOTrO
pa3Mepa MoJIOCTH B KapCTYIOIIUXCS IPYHTAX, IPU KOTOPOM IMOJIOCTh HE «BCIUIBIBACT»
B OCHOBaHUE HAChIIM; TOBEPOYHBIM pacueT MOJOOPAaHHOrO reomaTrepuana Ha
o0pa3oBaHHE TOJIOCTM KPUTHUYECKOTO pa3Mepa B KapCTYIOLIUMXCS TPYHTax  C
ucnoinp3oBanueM Gopmyar (3) m (B) w mpum  HeoOXOaUMOCTH  MOAOOP
T€OCHUHTETUYECKOT0 MaTepHraia OOJBIIEeH MPOYHOCTH; pacdeT ocanok Hackimu (13) u
ONpeaeIeHNE IUPHUHBI 30HBI YKIIAJKH IeoMaTrepruana M3 YCJIOBHUS HE NPEBBIILICHUS
pacyeTHOM OCAAKH, JOIYCKAEMOU I JaHHOTO JIMHEMHOTO COOPYKEHHUS,

w =
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— mocne Toadopa TEOCHMHTETHYECKOTO MaTephalia B COOTBETCTBUU €
BBIIICU3JIO)KCHHBIMU ~ TPEOOBAaHUSIMH  TIPOBEPSIETCS TPEOOBAaHUE YCTONYMBOCTH
OTKOCOB JIOPO’KHON HACHINIM HA apMHUPOBAHHOM OCHOBAaHHWU M MPHU HEOOXOIUMOCTH
Ha3HAYAIOTCS IOTIOJHUTEIBHBIC TPOTUBOKAPCTOBLIEC MEPOTIPHUSTHS;

— TIpU YCTAaHOBKE TEH30IaTYNKOB HA TeOMaTEpHUaIl CTPOUTCS TpauK 3aBUCUMOCTH
AMaMeTpa TOJOCTH OT  OTHOCHTENBHBIX  jAedopmanuii reomarepuana ¢
UCIIONTb30BaHueM (hopmyis (6).

3AK/IIOYEHUE

1. ITo pe3ynapTaTam aHanM3a OMNbITA MPOEKTUPOBAHUS U PACUETOB OCHOBAHUIA
JMHENHBIX COOPYKEHUHN Ha 3aKAPCTOBAHHBIX TEPPUTOPHUSLX YCTAHOBIIEHO, YTO Hauboliee
3¢ (PEKTUBHBIM MEPONPHUATUEM TPOTHUBOKAPCTOBOW 3allUTHI SBISETCA  YKJIaJKa
rE€OCMHTETHUUYECKOI0 MaTepuana (reomaTepuaina) B OCHOBAHUE, IPU ITOM TPATULIMOHHO
MIPUMEHSIIOTCSI AHAJIMTUYECKUE PACUETHBIE METOJIHMKH, B COOTBETCTBUU C KOTOPBIMH
pacueT TPOW3BOAUTCS Ha dTame o0pa3oBaHUs KapCTOBOrO TpoBasia (BOPOHKH) B
OCHOBAaHHMH HACBIIIH, pa3Mep KOTOPOTO SBISIETCA OCHOBHBIM PACUETHBIM ITAPAMETPOM.

2. Ha ocHOBanum aHaim3a pe3yJapTaTOB  MCCIEAOBAHUSA  IPOLIECCOB
KapcTooOpa30BaHUs B OCHOBAHUU 3/IaHUN U COOPYKEHHM YCTAHOBJIEHO, YTO MOSIBJIECHUIO
KapCTOBOT0 IPOBAJIa B OCHOBAHUY COOPYKEHUS MPEALIECTBYET POCT KAPCTOBOM ITOJIOCTH
B KApPCTYIOUIUMXCS TPYHTax M 0Opa3oBaHUE «MyJbJAbl NPOCEJAHUS» B OCHOBAaHUU
COOPY’KEHHUS, KOTOpasl MpU YCIOBUU MOKPOBHOW TOJNIIM U3 TJIMH MOXET JIOCTUTaTh
3HAUUTENTBHBIX  pa3MmepoB. Heyder »ostoro Qakropa mnpu MNPOEKTUPOBAHUU
MIPOTUBOKAPCTOBOM 3AIUTHI MOXKET MPUBECTH K aBAPUUHOU CUTYaLlUH.

3. Jist 5 pexTUBHOM 3alTUTHI OT KAPCTOMPOSBICHUI B OCHOBAHUH JTMHEHHOTO
COOpYKEHUS IMYTeM  YKIAQJKA TE€OCUHTETUYECKHMX  MaTEpHalOB  BBIIOJIHEHBI
71abopaTopHbIe, YUCIEHHbIE U TEOPETUUECKHE UCCIIEI0BAaHUS M pa3paboTaHa METOAMKA
pacdyera, B KOTOpPOM B KayeCTBE pPACUYETHOIO MapaMeTpa HCIOJIb3YETCS U pa3Mep
KapCTOBOTO TNpOBajla B OCHOBAHMM HACHINIM, M pa3Mep IMOJIOCTH B KapCTYIOIIUXCS
IPYHTAaX, MEPEKPHITHIX ITIMHUCTON MOKPOBHOM TOJIIEN.

4, ITo pesynbratam 1abOpaTOPHBIX HMCCIEAOBAaHUN JIaHbl PEKOMEHIAIUU T10
y4eTy OCOOCHHOCTEH B3aMMOJEHUCTBUSI TeomaTepuaia ¢ TPYHTOBOM Cpenoi.
VYCTaHOBIEHO, YTO OTHOCHUTENbHbIE JAePOopMalvd TeoMarepuana, OMNpe/eJCHHbIE B
paspeiBHOM MammHe (o ['OCT 55030-2012), muauMyM B 2 pa3a MEHBIIE, YeM TIpU
PaCTSKEHUU 3TOT0 K€ Marepuaia B JIOTKE ¢ TPYHTOM, YTO MCHOJIb30BAHO MPU aHAIU3E
PE3yNbTATOB YNCIEHHBIX UCCIIEI0BAHMM.

S. Ilo pe3ynpraraM YHCIEHHBIX W  TEOPETHYECKUX  HCCIECIOBAaHUMI
apMHUPOBAHHOW JOPOKHOW HACKHIMM MPU O0OpPa30BaHUM U POCTE KAPCTOBOW IMOJIOCTH B
KapCTYIOIIUXCS TPYHTaX:

— pa3paboTaHbl AHANUTUYECKUWE PEIIEHUs JJId OINpEeNesieHUs] YCWIMH U
OTHOCUTEJBHBIX JepopManuii B T€OCHUHTETUYECKOM Marepuaje B 3aBUCHUMOCTU OT
JUaMeTpa KapCTOBOM MOJOCTH B KAPCTYIOUIMXCS TPYHTaX, MOIIHOCTH MOKPOBHOM
TOJIIIA HAaJl KAPCTYIOUIMMHUCSA TPYHTaMHU, BBICOTHI JOPOKHOW HACBHINH, >KECTKOCTH
reomarepuana;
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— YCTaHOBJICHO, 4YTO YKJaJIka TE€OCHMHTETHYECKOTO MaTephalia B OCHOBAaHUU
HACBIMH HE UCKITIOYAET MOTEPI0 YCTOMYMBOCTH HACKIIH IIPU 00pa30BaHUU NMPOBaja Mo
OTKOCOM U C(HOpPMYITHUPOBaHBI TPEOOBAHMS IJIs pacdyeTa YCTOMYMBOCTH OTKOCOB TIPH
00pa30BaHUH KapCTOBOI'O MTPOBAJIA;

— TMOJYYEHO aHATMTUYECKOE PELIECHUE I ONpPEIeeHUsI MaKCUMaIbHOW OCaJKU
OCHOBAHHUSI JIOPOKHOM HACBINU, apPMUPOBAHHOM TI'E€OCHHTETUKOM, HAJ[ KapCTOBOMU
MOJIOCTBIO B KapCTYIOIIMXCS TPYHTaX B 3aBUCHUMOCTH OT PACCTOSHUS [0 KPOBJIU
KapCTYIOUIMXCS TPYHTOB, AUaMETpa MOJOCTU U HIUPUHBI 30HbI ApDMUPOBAHUSL.

Pe3ynbTaThl, MOJSydYeHHbIE C MPUMEHEHHEM MPEIJIOKEHHBIX aHATUTHUYECKUX
pEIICHU, COMOCTaBISUIMCh C pe3yjibTaTaMU YHUCICHHBIX pacueToB. PacxoxkaeHue
pe3yabTaTtoB He npeBbicuio 20%.

6. [To pe3ynbpTaTaM BBIMOJHEHHBIX HCCIEIOBAHUN pa3zpaboTaHa METOIUKA
MIPOEKTUPOBAHUS  MPOTUBOKAPCTOBOM  3alIUTHl JOPOTM C  HCIOJb30BAaHUEM
F€OCMHTETUYECKUX MAaTepUalioB, OTJIMYAIOIIUECs OT HOPMAaTUBHOM TeM, 4YTO B
KaueCTBE PAaCUETHOTO KPUTEPHUS MPUHAT HE TOJBKO PACUETHBIM JUaMETp KapCTOBOTO
MpoBaja Moj JOPOKHON HACHINBIO, a TAKKE M MAaKCUMAJIbHBIA PACUCTHBIA JTHAMETP
KapCTOBOM MOJIOCTU B KapcTyromuxcsi rpyHTax. [lo pesynpTaTam aHaJIUTHYECKUX
pacueToB pa3paboTaHbl MPAKTUYECKHUE MPEJI0OKEHUS MO BBIOOPY reomarepuasia B
3aBUCHUMOCTH OT MPOTHO3UPYEMOIO JIHMaMETpa KapCTOBOTO IpoBaja B OCHOBAHUU
JIOPOYKHOM HACHIIU U BBICOTHI IOPOKHOW HACBHIIIH.

7. B cooTrBercTBHM ¢ TPEMIOKEHHOM METOJAUKOM BBIMOJIHEHBI PACUYEThI
MIPOTUBOKAPCTOBOM 3allUTHl aBTOMOOMIBHOW goporu M-12 «MockBa — Huxaui
HoBropon — Kazanb», a Takke pa3paOoTaHbl TPEIIOKEHHUS 110 YCTaHOBKE

TEH30JAaTYNKOB HA TeOMATepuall UISI KOHTPOJSA JWHAMUKHA pOCTa TOJIOCTH B
KapCTYIOIMNXCSA TPYHTaX.

8. [lepcriekTUBHBIMM 3aayaMu Pa3BUTHS TTOCTABJICHHOW TEMbI SIBJISICTCS
BBIMIOJIHEHUE  MOJICTIbHBIX ~ UCHBITAHUWA  OCHOBAHUW  JIOPOXKHBIX  HACHIIIEH,
apMHUPOBAHHBIX T€OCUHTETUUYECKUMHU MaTepualaMy ¢ YCTAHOBKOM T€H30JaTYUKOB Ha
reomMaTepuai ¢ KapCTOBbIMU JIePOpMAIIUSIMU 1O TUITY «IIPOBA» U «IPOCEIAHHEY, a
TAK)K€ COBEPIICHCTBOBAHUE YMCJICHHBIX U AaHAIUTUYECKUX METOAOB pacueTa yCUIINi,
nedopManuii reoMarepualia U 0CaaoK JOPOKHOTO MOJOTHA.
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