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1 O6nactb NpuMeHEHHS

1.1 Hacrosmmii OTpacneBOdl MOPOXKHBEIR METOMWYECKHMM JOKYMEHT (mamee —
MeTouyecknii TOKYMEHT) SBIAETCA JOKYMEHTOM PEKOMEHIATENBHOTO XapakTepa,
pa3paboTaHHBIM B pasBUTHE AEHCTBYIONIMX METOMHMK [3] AHANMTHYECKHX DPACUETOB M
MIPEAHA3HAYEH ISl YACIEHHOTO MOAEIUPOBAHIS METOIOM KOHEUHBIX 3JIEMEHTOB.

1.2 Hacrosmuii MeTOOMYecKuii NOKyMEHT pa3padoTaH B LENAX OOECIedeHUs
HOPMATUBHOI 0a3bl PEKOMEHIAIMSAMH TI0 pacyeTaM OCaIKH, BPEMEHH KOHCOIMIAINM U
YCTOWYMBOCTH HACHINEH aBTOMOOMIBHBIX AOPOT HA CNAObIX OCHOBAHUSX (KPHTCPHH
OTHECEHUS TIPYHTOB K ClaObIM IIPHBENCHH! B [3]), YCHJICHHBIX KOHCTPYKIMAMH C
TIPUMEHEHUEM T€OCHHTETUYECCKIX MaTepuaioB B BHIE 000iM u monyoboiiM. Bonpocs!
CeHCMMYIECKOr0 BO3AEHCTBHA U UX Y4eT B O/IM He paccMaTpHBarOTCA.

1.3B HacrosmeM METOOMYECKOM JAOKYMEHTE TIPEACTABIECHH  OCHOBHEIE
TpeOOBaHUs K UCXOAHBIM [AHHBIM IUI1 BBIMOJHECHWS PAacueTOB, NAaHBl YKA3aHWS I10
AQHAIN3Y M UHTEPOpETalMy PpE3yAbTAaTOB MCHLITAHWN TPYHTOB W TIPHBEICHBI
PEKOMEHJALMH TI0 BBIIOJIHEHUIO YHCICHHOTO MOJEIUPOBAHHA: COYETaHUA TUIIOB
pacdeTa ¥ THUNOB IOBEICHUSA MOJENEH TpyHTAa MO YCJIOBHSM JIPCHUPOBAHMS,
MOCJIENOBATE/IBHOCTE BBIIOJIHEHNS PACYETa, YUET apMUPYIOIIMX MPOCIIOEK, KOHTPOIb U
aHAIHN3 NOIYYaEMBIX PE3YJIbTaTOB.

PexomeHmauuy 0o MPOBEACHUIO Ia0OPaTOPHBIX HCHBITAHWM, NPUBEICHHBIE B
JIOKYMEHTE, HOCAT HHGOPMAMOHHEIH XapakTep M MpeIHA3HAYAIOTCS B MIEPBYI0 OUePeiIb
JUI WH)KEHEPA, BBINOJHSIOIIETO PACYET € LENIbI0 00SCHedYeHUs MOHMMAHUs PaboThI
TPYHTOBOI JJaGOpaToOpuH.

1.4 MeTtoau4ecknii  JAOKYMEHT COJAEPKHUT OOIIHE MNPUHLUIBI  YHCJIEHHOTO
MOJENTHPOBAHAA Hachllell Ha CIaOBIX OCHOBAHWSAX B MpPOrpaMmax, paboTaromMX Ha
OCHOBE METOJa KOHEUHBIX 21eMeHTOB (MKD). B kadecTBe MpPHMEPOB HCIOJNB3YETCS
IporpaMMHBbIi reorexHudeckuii kommieke PLAXIS (xopoimo 3apekoMeHI0BaBIINH ceOst
B OTECYECCTBEHHO!N IIPOCKTHOW MpakTuke B Teuenue Oomee 20 JieT), OAHAKO BCE
PEKOMEHJAMH MOTYT OBITh NMPUMEHEHBI U JUIL JIOOBIX JAPYTHX IPOrpaMM-aHAJIOrOB
(midas GTX NX, RS, ZSOIL, TEO5MKD u np.). [IpuBeaennsie B MeTomuueckoM
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JOKYMEHTE MOJEIM IPYHTOB HE SBIAKOTCS YaCTBIO TOJNBKO OJHOH IIPOTPaMMEI, a
IIPEACTaBIAIOT 000K MporpaMMHEBIM KOJ, KOTOPBIA HMCHONMB3yeTcsi B  DAasHBIX
IIPOTPaMMHBIX KOMIUIEKCAX.

1.5. Meromudeckuif JOKYMEHT pa3paboTaH IS TPUMEHEHHs B 00nacTH
MPOCKTUPOBAaHNS W TEOTEXHUYECKMX pACYETOB HACHIICH (TONLKO B CTAaTUYECKOMH
IOCTAHOBKE) MPEUMYIIECTBEHHO Ha OOBONHEHHBIX TNIMHHUCTBHIX TPYHTAX, a TaKKe IIPU
HQJIWYIH APYTHX TPYHTOB, KITACCH(MHITMPOBAHHHIX KaK ciiadble OCHOBAHHUS IPH HOBOM
CTPOUTENBCTBE M PEKOHCTPYKLUU ABTOMOOIIBHBIX JOPOT. Pe3ybTaToM HCIOIb30BAHHS
PEKOMEHIAIMH, W3IOKEHHBIX B HACTOAIIEM METOOMYECKOM NOKYMEHTE, SBIIETCS
TIOJTy9eHHe: TPeOYEMEBIX IapaMeTpoB I€OCHHTETHYECKUX MATEPHAIOB, COMYTCTBYIOLIMX
DJIEMEHTOB  KOHCTPYKIMH  YCWICHMS; DPE€3YyJIbTaIOB, ONpPENEIAIONUX  OOBEMBI
CTPOMTENBHBIX MAaTEpPUasoB, MApaMeTPOB TEXHOJOTMYECKOIO IPOIECCAa COOPY)KEHUS
3€MJITHOTO [IOJIOTHA W KPUTEPHUEB JULL BBINOJHEHHS TIE€OTEXHUYECKOIO MOHWTOPHHIA

KOHCTPYKIIMH.
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2 HopmaTuBHBIE CCHUIKH

B HacrosimeM METOAMYECKOM AOKYMEHTE HCHONB30BAaHBI CCHUIKH HA CIICYFOIINE
HOPMATUBHBIE JOKYMEHTHL

I'OCT  12248-2010 Tpynrtel. Mertomer  1aGOpaTOpPHOrO  ONpENETECHHS
XaPaKTEPUCTHK MPOYHOCTU U 1EPOPMUPYEMOCTH.

I'OCT 19912-2012 T'pynTel. MeTOABI MOJNEBBIX WCHBITAHWUI CTaTUUECKAM W
JMHAMAYECKHM 30HAHPOBAHUEM.

I'OCT 20276-2012 T'pyHTel. MeTOABI MONEBOTO OMpEAENEeHUs XapaKTEPUCTHK
TIPOYHOCTH U A€(HOPMUPYEMOCTH.

T'OCT 23278-2014 T'pyHTHI. METOABI MOJNEBBIX UCTBITAHUH TPOHNULIAEMOCTH.

T'OCT 25584-2016 MexrocynapcTBeHHbI craHmapT. ['pyHTHL. MeTomsl
nabopaTopHOro onpeneneHns ko3 purmenTa GmibTpanum

I'OCT 27751-2014 HanesKHOCTb CTPOMTENBbHBIX KOHCTPYKUMH W OCHOBaHMIA.
OCHOBHBIE [10JIOKEHHUSL.

TOCT 30416-2012 MeskrocyaapcTBeHHbI cTaHaapr. I'pyHThl. JlabopaTtopHbie
ucnbITanis. O6Mmue MOI0KEHUS

T'OCT 30672-2012 I"pyrret. [Tonepbie ucnbitanusd. OOIIHE TOTOXKEHHUSL.

T'OCT 32836-2014 opord aBTOMOOWIBHBIE OOIIEro MOJb30BaHUA. M3picKaHHA
ABTOMOOWIBHEIX Jiopor. O6mme TpeOoBaHUS.

T'OCT 32868-2014 Toporm aBTOMOOWIBHBIE OOIIETO TMOJIBb30BaHMA. TpeGoBaHuA K
MIPOBEACHUI0 HHXKECHEPHO-TCOJIOTMUYECKUX H3bICKAHU.

T'OCT 32960-2014 Toporn aBTOMOOHIIBHEIE OOLIETO 1MOJb30BaHua. HopMaTHBHEIE
Harpy3KH, paCU€THBIE CXEMBI Har Py KEHHsL.

T'OCT 33149-2014 Jloporm aBTOMOOWIBHEIE OOLIEro MONb30BaHHA. [IpaBmia
MPOCKTHPOBAHHS aBTOMOOMIIBHBIX A0POT B CIIOKHBIX YCITIOBUSX.

TOCT P 54476-2011 Tpyatsl. Mertoasl 1abOpaTOpPHOTO — ONpPENETICHUS
XapaKTEPHUCTHUK COMPOTHUBIISIEMOCTH CABHIY TPYHTOB B JJOPOXKHOM CTPOHTEIBCTBE.

IT'OCT P 54477-2011 Tpynarsl. Metomsl nabopaTOpPHOrO — OUpEACTEHHs

XapaKTEPUCTHK Ae(hOPMUPYEMOCTU IPYHTOB B JOPOXKHOM CTPOHTENHCTBE.
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T'OCT P 55028-2012 Jloporu aBroMobuibHbie 00MIEro moap30Banus. Marepuasl
TEOCHHTETHYECKHE Ul JOPOKHOTO CTPOMTENbCTBA. Kiaccubukanus, TEPMUHBL H
OIIPEACIICHHUS.

T'OCT P 58270-2018 TI'pyHtel. Metoa WCOBITAHUNA PACKIMHUBAIOIIUM
JIaTOMETPOM.

T'OCT P 58326-2018 I'pynatsl. MeToa 1abopaToOpHOro ONpeeicHUs ITapaMeTPOB
HEePEYIIOTHEHUS.

OJIM 218.2.046-2014 OrpacneBoii IOPOXKHBI METOAMYECKHN TOKYMEHT.
PexomeHzaumu 1o BHIOOPY M KOHTPOJIO KA4eCTBA TE€OCHHTETHYESCKUX MATEPHANIOB,
IIPAMEHSIEMBIX B JOPOXKHOM CTPOHTEIBCTRE.

OIM 218.5.003-2010 PexoMeHgauMu IO IPAMEHEHHI0 TI€OCHHTETHYECKHUX
MAaTeprajoB IPH CTPOUTENBCTBE I PEMOHTE aBTOMOOMITBHEIX JOPOT.

TTHCT 318-2018 «Marepranel T'€OCHMHTETHYECKHE. METOABl MCHBITAHHUS Ha
JOJITOBCYHOCTEY .

CII 23.13330.2018 OcHOBaHHs THIPOTEXHUYECKHX COOPY>KEHHH.
(axTyammuposanras pemakims CHull 2.02.02-85%).

CIT 34.13330.2012 Crox mpaBui. ABTOMOOHIIBHEIE JOPOTH. AKTYaTH3HpOBaHHAs
penaxuumst CHulT 2.05.02-85%.

CIT 47.13330.2016 HuxeHepHBIE H3BICKaHHA Ui CTPOMTENHCTBA. OCHOBHEIE

noyioxeHus. AktyanmsuposanHas peaakius CHull 11-02-96.

3 TepMHHBI H ONIpeAeICHHSA

B HACTOAMEM MCTOOWYCCKOM OOKYMCHTC NPUMCHCHBI CIICAYIOIIHUC TCPMHMHBI C
COOTBCTCTBYIOIIMMHU ONPCACIICHUAMM!

Cra0nIM3HpoBaHHOE COCTOSIHME TPYHTA: COCTOSHHE I'PYHTA, XapaKTepHU3yeMoe
OKOHuYaHHEM jAehopMaluii YIUIOTHEHHUS TIOJ OTPEENCHHON Harpy3koil U OTCYTCTBHEM

HU30BITOYHOTO JTABJICHUS B HOpOBOﬁ BOJEC.
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HecraduausupoBaHHoe COCTOSIHHE rpyHTa: COCTOSIHUE IpYHTa,
XapaKkTEPU3yeMOE HE3aBEPLICHHOCTBIO Ac(QOpMAalMil YIIOTHEHHUs MOJA ONpeaeNeHHOM
Harpy3Koi ¥ HajnureM U30BITOYHOTO AABJIECHMS B IOPOBOM BOJE.

HenpenupoBanHasi NPOYHOCTB: HEAPEHUPOBAHHOE CONPOTUBICHHE CHABUTY,
obozHagaemoe Cu U UCIONb3yIoLIeecs A7 OLEHKM MPOYHOCTH HECTAaOITA3NPOBAHHBIX
OCHOBAHHIA.

D¢ dexTHBHBIE NapaMeTpbl NPOYHOCTH: YACIBHOE CLEIUICHHE C’ H YTOJd
BHYTPEHHETO TPEHHS ¢’ [OIy4acMble [0 pe3yibTaraM KOHCOIUIMPOBAHHO-
npenupoBaHHbIX (K/I) wimm xoHcomuaupoBaHHO-HeaApeHupoBaHHBIX (KH) TpeXOCHBIX
HCIBITaHUH. B TepMuHOIoruy [3] Ha3pIBAOTCA YCIOBHEIMMU.

Ilonnble HanpsiKeHUs! (G): HANPSYKCHUS B TPYHTOBOM MAacCHBE, COOTBETCTBYIOT
CyMM€ HalpspkeHUH B ckenere (3 (GEKTUBHBIE) U IOPOBOTO JIABJICHHSL.

D¢ dexTHBHBIE HanNpstkeHUs1  (6°):  HampsXKECHUS B CKeJieTe  TPYHTa,
omnpenenseMble PA3HOCTBIO MOMHBIX HANPSIKEHUH U TIOPOBOTO AABICHHSL.

IMoposoe naenenme (U): naBineHue B MOPOBOH BOAE (KMAKOCTH) TPYHTA, MpU
OTCYTCTBUM BHEINHUX BO3JACHCTBUI SABIACTCS THAPOCTATUYECKUM (Pgeady), B ClTydae
HArpyEHUS TPYHTA SBIAETCS M3OBITOUHBIM (Pexcess).

Hnpexe xomnpeccun (Cc): TaHIeHC yIvIa HAKJIOHA YacTH KOMIIPECCHOHHOMN
KpUBOii B o0CAX «KO(PPUUMEHT TOPUCTOCTH-ACCATUYHBINA JIOTApU(pM IABJICHUSNY,
ompenenseMblif 3a TNpeJenaMu AaBICHUS IPEAYyIUIOTHEHHS IIO BETBH MEPBHYHOTO
HArpy KEeHHUs.

Hupexc pexomnpeccun Cs (Cr): TaHT€HC yIIa HAKJIOHA YACTH KOMITPECCHOHHOM
KpUBOH B OCIX «KOX(Q(HULUMEHT MMOPUCTOCTU-ACCATUYHBIN JIOTapudm AaBICHUSY,
OITpeNeTIAEMBIif 10 BETBH Pa3rPy3KH.

MoandummupoBanHblii K03(PUIHEHT KoMIpeccuH (A*): TAHTCHC yINa HAKIOHA
4acTH KOMIIPECCHOHHON KpPHBOII B OCSX «OTHOCHTENBHas AeopMarus-HaTypaTbHEI
norapudM IaBICHUS», OMPENCNIeMblil 3a IpeienaMH JAABJCHHA MPEAYTUIOTHEHUS MO

BETBH IIEPBAYHOTO HATPYIKECHHUS.
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MogupunupoBaHublii ko3¢gduuueHT pexoMmpeccun (K*): TaHreHc yria
HaKJIOHa YacTH KOMIIPECCHOHHOM KpHBOM B OCAX «OTHOCHTENBHAI nedopmanms-
HATypaNbHEIHA JTOTapu(M JaBICHHUSY, OMPEASIIIEMbII IO BETBH PA3TPY3KH.

Hcropuyeckoe naBieHne (HampsoKeHHe): MaKCHMAlbHOE BEPTUKAILHOE
(I/ICTOpl/l‘{GCKOG) HaOpsOKCHUE 3a BECh NEPHOA CYIICCTBOBAHWA MacCHUBa I'pyHTaA, Kak
IIPaBWIO, OTCYTCTBYIOIIEE B HACTOSANIEC BPEMS IO MPUYMHE TasHUS JICAHUKA,
OPO3UOHHEBIX U ACHY JAIIUOHHBIX MTPOIICCCOB MU konebanns TPYHTOBBIX BOI.

/JlaBiieHHe NpeABapUTE/NbHOI0 YIUIOTHeHHS (NpeAyNJIOTHeHHsI): TOXE, 4TO U
HCTOPHYECKOE ABJICHUE.

Knacrep: 3neMEHT pacuyeTHOM CXeMbl, OOBEAMHAIOUIMHA HECKOJbKO KOHEYHBIX
SIIEMEHTOB ¢ OAWHAKOBEIM HaOOpOM MapaMeTpoB (OHA MOJIENH TIOBECHHS MATEPHANA),
KOTOPBIH, Kak paBuio, onpenenseT UI'D wiK 4acTh HACHINK.

Kone4yHblil 371eMeHT: >IEMEHT, COAEPIKAIMI TOYKH (Yy3JIbl), OIMpPEAENAIONINE
HAIPSDKEHAS W IEPEMEIICHNs B PACIETHOM cxeMe mporpaMM, paGoTaromMX HA OCHOBE
METO/Ia KOHEUHBIX 3I€MEHTOB.

Touxkn HanpsikeHmii (stress point): TOYKH B KOTOPHIX OIPEAENISIOTCS
HaNpsLKEHUS B IPYHTE (HONHbIE, 3((EKTUBHEIE, IIABHBIE), a TAKXKE HOPOBOE JABICHUE
BOJAIBI (TOukM ["aycca).

Y3noBbie ToukH (node point): Touku (Jlarpamxka) B KOTOPBIX OMPEACIAIOTCS
TIepeMeIneHns (Bce KOMITOHEHTHI), & TAK)KE OTHOCHTENBHBIC AedopMmarua (B TOM UHCIIC
00BEMHBIE U CABUTOBEIE).

Bannaanmsi; Iporecc OmpeeICHHS CTETIEHH COOTBETCTBHS TAHHBIX, TIOYYaeMBIX
B IIPOLIECCE MATEMATUYECKOTO MOASIIUPOBAHMS PACYETHON MOIENN (MOJETN TPYHTA WIN
TEOTEXHWUECKOH MOJAENA TPYHTOBOTO OCHOBAHHS), pealbHOMY  (PU3HUECKOMY
noBeeHnI0 00bekTa (00pasna), Aas KOTOPOro co3[daHa MOXENb, B paMKax o0nmacTw
IUTAHUPYEMOTO €€ UCTIONB30BaHUSL.

Mopeab TpyHTa: MaTeMaTHUECKOE ONMCAHME OCHOBHBIX XapaKTEPHBIX THTIOB
MOBEJICHUSI IIEMEHTApPHOTO 00BEMa PEAIbHOIO IPYHTA, MPEAHA3HAUCHA A7 CO3IAHUS B

pacquHoﬁ CXEMC€ HMHXCHCPHO-TCOJIOTMYCCKUX  BJICMCHTOB, XapaKTCPUIYIOIIUXCA
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O/IMHAKOBBIM TOBEACHUEM MPH MEXAHWYECKUX, THAPABIMYECKAX H TEMIEPATyPHBIX
BO3JICHCTBUSAX.

I'eorexHnyeckasi MoJe/ib TPYHTOBOTO OCHOBAHHSI: COBOKYIHOCTb MOJENEH
IPyHTa ¢ HA0OpOM TapaMeTPOB, OMPE/CIAIONIMX OTKIMK HA MEXaHHYECKUE H
TAAPaBINYCCKHUC BO3,£[€I7ICTBI/IH, rCOMCTPUYCCKH OITKUChIBAKOLIAs1 HMHXKCHCPHO-
TeONIOTMYECKUI pa3pe3 (AByXMEpHas 3ajaya) WM [POCTPAHCTBEHHBIM I'PYHTOBBIH
MaccuB (TpexMepHas 3ajava) W TPCAHA3HAUCHHAS JUIS BBITOJHCHHS MOJICITPOBAHYII
WHKEHEPHBIX 3a)1249.

KoncepparuBHasi oleHKa: BBITIONHEHHE T€OTEXHMYECKOr0 pacuera 0e3 yuera
YIPOYHEHUS TPYHTA B MPOLECCE €0 KOHCOMMIAIMI BO BPEMS OTCBHITIKH HACHIMHA, UTO
NPUBOAUT K 3aHIKCHHOMY 3HAUCHHIO K03(HIIeHTa YCTONYHBOCTH WK 3aBBIIICHHON
ocaixe. BbIMONHAETCS JUIA COOTBETCTBHS pacyeTa JCHCTBYIOIMM HOPMAaTHBHBIM

JIOKYMCHTaM.
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4 O0o03HaAYCHNA U COKPAIlEHHS

B HacrosiieM = METOAMYECKOM  JIOKYMCHTE  IPAMEHSIOTCS  CIICAYIOMIHE
0003HaYCHHS ¥ COKPAILICHHUS:

KH: xOHCONMMANPOBAHHO-HE IPCHUPOBAHHBIC TPEXOCHbIE HCIIHITAHUS;

KJI: KoHCOMIMpOBAaHHO-APEHU POBAHHBIEC TPEXOCHBIE UCTILITAHUS,

HH: HekoHCOMMAMPOBaHHO-HEAPEHAPOBAHHBIE TPEXOCHBIE ACTIBITAHN,

MKD: METO KOHEUHBIX 3JIEMEHTOB;

HY: nopmansHOymoTHeHHOE cocTostare (NC - Normally Consolidated);

ITY: nepeymnoraennoe cocrosiaue (OC — OverConsolidated);

HJIC: nanpsbkeHHO-1eOpMHUPOBAHHOE COCTOSIHHE,

MIIP: MeTox NPEAEILHOTO PABHOBECHS,

MK3: METO KOHEUHBIX JIEMEHTOB,

KI'M: KOMIUICKCHBIE r€OMEXaHUUYECKUE MOJICTIH,

SRM: Metox cHkerus npodrocTH (Strength Reduction Method);

OCR: k03(pUIMEHT NEPEYIUIOTHEHUS, MOKA3bIBAIOWMUA BO CKOJIBKO pa3
HCTOPHYECKOE JaBieHue mpeprimaeT OsrroBoe (Overconsolidation Ratio);

POP: warpyska, jciicTBOBaBmas B HMcTOopuucckoMm mpouuioM (Pre-Overburden
Pressure), co3jaBliasd HANPSKCHUS, HA3bIBACMBIC JABIICHAEM TIPEABAPHTEIBEHOTO
VIUIOTHCHWS (JICMHAK WM TONINA TPYHTOB, MOABEPrHYTasd JCHYNAUMOHHBIM H
SPO3UOHHEIM TporieccaM; dpdeKTHBHBIE HANPDKEHNS B TOMILE, YBEIMYHBAIOIIMECS TIPH
KoneOaHNY YPORHS IPYHTOBBIX BOJ).

AGGpeBHaTypBI MOZIENEl TPYHTA IPUBEICHBI B IPHJIOKEHNH b.
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5 OOmue noJio:keHus

5.1 B mponecce pacuera Hachimeli Ha C1a0bIX OCHOBAHWAX C HCIOIB30BAHUEM
FEOCHHTETHYECKAX  MATepPUAIOB  CIEOyeT  PYKOBOACTBOBAThCS  YKa3aHUAMHU
cooTBeTcTBYIOIMX paszaeios HopM (I'OCT 33149-2014), cBo0B TpaBwil, UHCTPYKIUH 1
UHBIX ACHCTBYIOIUX HOPMATUBHBIX JOKYMEHTOB (CM. pazien 2), a TakKe TpeOOBaHUAMU
HACTOAIIEr0 METOIMYECKOr0 TOKYMEHTA.

5.2 PacyeThl METOAOM KOHEYHBIX JIEMEHTOB, C HCIOJIB30BAHHEM KOMIUIEKCHBIX
TeOMEXaHUYECKUX MOJETEH TPyHTa TMO3BOJISIOT CHHU3UTH 3aTPAThl HA MEPOTPHATHS MO
YCHJICHHIO M CTa0WIM3aIuu 3a c4eT OoJiee MOHON OLEHKU MPOLECCOB, MPOMCXOIALINX
OpH CTPOUTENBCTBE 3EMIISHOTO MOJOTHA HA CNAOBIX BOJOHACHIIEHHBIX TJIMHHUCTBIX
TPYHTax.

5.3 TIpeuMyILECTBO HCTIONB30BAHMS YMCIICHHOTO MOASTHPOBAHHUS TT0 CPABHEHHIO C
AHATUTHYECKMMU MOAXO0JaMH 3aKITIOYAETCS B CIIEYIOLIEM:

- OLEHKa MPOYHOCTH TPYHTOB B 3aBUCHMOCTH OT VYPOBHS JCHCTBYIOUIMX
HaIPSDKEHUM U CTETIEHH KOHCOMMIALMN BO BPEMEHHU M TMPOCTPAHCTBE (YUET YIPOUHEHHS
B TpoLecce KOHCONMUAAINN ),

- OIEHKA YCTOWYMBOCTH TEOTEXHUYECKOW CHCTEMBI «HACHITb-OCHOBAHHME
METOZIOM CHIDKEHMSI TPOYHOCTU (SRM), SBISIOIIMMCS aJbTEPHATUBHBIM [UISi METOJIOB
npeaenbHoro pasHoBecus (MIIP), KOTOpble He HO3BOJIAIOT IOMYYUTH OIHO3HAYHYIO
BeMuMHY K03 dunuenTa ycToiunMBocTHy,

- TpH OLEHKE CTaOWIBHOCTH OCHOBaHUA (KOSGGUIMEHT CTaOHIBHOCTH)
YUUTHIBAIOTCS KAaCATENbHBIE CHIIBI OT HACHINY (BIMSHUE MaTepHalia HaChITH ),

- yYeT IpU ONPEIEICHUN OCAIKU HACBIK HE TOJIBKO COCTABISIOMIEH OT CXKaThs
TPyHTa, HO ¥ BiUAHHE OOKOBOTO OTXKATHs, HamUuMs O0ONacTH IUIACTHYECKHX
nedopmMaruii 1 PeOIOTHUECKUX CBOMCTB (TIOJI3YUYECTh);

- pacueT KOHCOMMIAUMKM IPOU3BOAUTCA C  IEPEMEHHBIM  3HAUCHUEM
ne(hOpMAaIMOHHOM XapaKTEePUCTUKKM TPYHTA (B 3aBUCUMOCTH OT YPOBHS AEHCTBYHOLIHX
HAOpPSDKCHUM B CIO€) W IEPEMEHHBIM 3HAYECHHEM KO3((PUIMEHTa KOHCOMIAIINH

(punpTpanum),
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- y4eT OCEBOM JKECTKOCTH TEOCHHTETHUYECKMX IPOCIOEK OCYLIECTBIACTCS
COBMECTHO C ITapaMeTpaMy UX B3aUMOAEHCTBHS ¢ IPYHTOM K IIPOYHOCTBIO HA Pa3phIB;

- BO3MOXHOCTB OIIEHHUTH PACTATUBAIOIIIE YCHIINS B ApMUPYIOLIEH IPOCIOHKE U e
nedopmanum;

- BO3MOXKHOCTH VUWTHIBATh HENWHEifHoe TmOBeaeHMe (rpaduk ycwime —
nehopManust) pasHoOOPas3HbIX I'COCHHTETHYCCKMX MATEPHAIIOB, a TAKOKe UX IOI3YYeCTh
(methopManum B mporecce IKCIUTyaTary COOPY>KEHTIA);

- ompenmeneHue Kod(pduuuenta crabunbHocTH (O€30IIACHOCTH) OCHOBAHHS C
YUYETOM BJIUSIHUS T€OCHHTETHYECKHX apMUPYIOMIUX IIPOCTIOEK.

5.4 TIpu OLEHKE YCTOMYMBOCTH HACHIIEH HA CIa0BIX OCHOBAHUSAX CIEIYET
VUHTHIBATh HECTAOWIM3MPOBAHHOE U CTAOWIM3MPOBAHHOE COCTOSIHMS TPYHTOBOTO
ocHoBaHMs. OLEHKa HECTAOUIM3UPOBAHHOTO COCTOSHUS IIPOU3BOAUTCSA OJHUM M3 JBYX
TIPUBEICHHBIX HIXE CIIOCOO0B!

- AHamM3 B MOJHBIX HANPSUKEHHSIX — OCHOBaH HAa MCHONB30BaHUM JIHOO
IPOYHOCTH TPyHTA B BHJAE HEAPEHUPOBAHHOTO compoTueieHus capury Cu, nubo
MIPOYHOCTHBIX XapaKTEPUCTUK Cw M Qw, (o TOCT 12248-2010 wmu I'OCT P 54476-
2011). 30T BUA aHaNK3a MPEANONATracT NEPEMEHHBIE 3HAUCHHUS 1apaMETPOB MPOYHOCTH
Cu Ui cw 1 Qw (B 3aBHCMMOCTH OT HU3MEHEHUS BIKHOCTH W). [TopoBoe napncHuE B
5TOM CIIy4ae HE YIUTHIBACTCA.

- AHanu3 B 3(¢eKTHBHBIX HANPSIKEHHSX — OCHOBAaH HA WCMOJIb30BAHUHN
3¢ eKTUBHEIX mapaMeTpPOB NPOYHOCTH ¢’ U ¢, MOIyYaeMbIX U3 NPUOOPOB TPEXOCHOTO
CKaTHs WCIBITAHWEM TI0 KOHCOJIHMAMPOBAHHO-APEHUpPOBaHHON cxeme (IOCT [12248-
2010). TIpwHIMO pacueTa 3aKIYacTCi B CHIDKCHHU CONPOTUBICHHS CABUTY IIpU
TIOCTOSIHHBIX 3HAUECHUSX MAapaMeTpOB INPOYHOCTH ¢ M @  3a CYeT OIpelecHHs
“30BITOYHOTrO NOPOBOTO JABJIEHUS U €TI0 PACCEUBAHN B IPOLIECCE KOHCOIMAAIHY.

OreHKa CTAOMIM3NPOBAHHOTO COCTOSIHUS ITPOM3BOIUTCS TOJBKO B 3((HEKTUBHBIX
HaMPSHKECHAIX.

5.5 IlpumeHeHME YHCICHHBIX METOAOB HE O3HA4YAET OTKa3a OT AEHCTBYHOINUX
aHauTHuecknx  Meroguk  (OM  218.003-2010) [3], CHAOKHOCTH HYHCIEHHOTO

MOZIEMPOBaHKs TPeOYET B3AUMHOM TMPOBEPKU UHCICHHBIX M AHAIMTHYCCKIX METOIOB.
13
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Ilpy 3TOM pe3ynbTaThl, IOAYy4aeMEIE B XOJAE MOJIEIMPOBAHMA, OOECIIEUHBAIOT
[OPOCKTHPOBLIMKA TIOMHOW KAPTHHOH IOBEJACHHS COOPYXXCHHS TIPH  Pa3IHYHBIX
BO3ACHCTBUAX,  YCTPOMCTBE  pa3sHOOOpasHBIX ~ MEPONPHATHH Qs yCHICHHS

(cTabunzanuu ) WK APYTUX ITAaHUPYEMBIX HHKCHEPHBIX NEHCTBHUH.

6 Tunuzauus AUCHEPCHBIX TPYHTOB

6.1 Tunmsanus TpyHTOB MNPOM3BOAUTCSA Njid HA3HAYEHUs OCHOBHBIX BHIOB
71ab0paTOPHBIX 1 TOJIEBEIX UCILITAHNI B 3aBUCHMOCTH OT BHJIa pPacteTa 1 Kjacca FpyHTa
(tadn. 1). IloBeaeHne TPYHTOB IIPH HATPYXKECHUM YCIOBHO Pa3JENICHO HA JBE CXEMEI B
3aBHCHMOCTH OT IIPOTEKAHIS IIpoIiecca GHIBTPAORHON KOHCOMH /AN

- IpeHHPOBAHHOE — CKOPOCTh HATrPYy)KEHUs U (DUIbTPALOHHbBIE CBOHCTBA FPYHTA
00ecTieunBalOT paccenBaHWe W3OBITOYHOTO TMOPOBOTO MAABICHHS M IPESHUPOBAHHBIC
VCIOBHS.

- HeJ[PEHHPOBAHHOE — CKOPOCTH IIPHIOKCHMSI HATPY3KH WM HU3KHE 3HAYCHHS
ko3puienTa (QUIBTPAlMM TMPUBOAAT K OOpa3OBaHWI M30BITOYHOTO MOPOBOrO
napieHus, Tpebyercs OcoOBI MOAXOA K  BLINOJHEHWIO PAacyeTOB M OLCHKE
HeCTaOMIM3NPOBAHHOTO COCTOSHHUSL.

6.2 OTnenbHO BHIICNICHA KATETOPHS YCIIOBHO HE KOHCONHIWPYOIUXCS TPYHTOB,
TIOBEJICHAE KOTOPBIX BBIXOAWT 33 PAMKH TEOPHH (UIBTPAI[IOHHONW KOHCONMWIAIMH H
MOXKeT OBITH OICHCHO TOJNBKO C TIO3WIMI HEBOMOHACHILEHHBIX I'PYHTOB. st Bcex
TIIMHUCTBIX TPYHTOB C MOKazareneM TekydecTu meHee 0,5 pacueT QuIbTpaloHHOI
KOHCOJIM/IAIMA HE TIPUMEHSACTCS.

Tabmuua 1 — Tumu3auus rpyHToOB

K Cxema paboTsI 1Mo N Tun
nacc, moJKacce Kpurepuit
JIPEHAPOBAHUIO
JlucriepcHbIe HECBS3HBIC A
(necyanbic) JIPCHHPOBAHHAA T>2
JPEHUPOBAHHAs b1
JlucnepcHble CBS3HbIE HEIPEHUPOBaHHAA 104<T<2 B2
(TTIMHUCTBIE, WIIB) YCIIOBHO HE ;<05 B3
KOHCONHMPYIOIHecs Sr<0,8

Ipumeuvanue-T - gaxmop epemenu; I — nokazamens mexyvecmu.
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7 Ha3HadeHue MOBeJCHHS 10 YCJIOBUIM JAPCHHPOBAHHUS

7.1 OCHOBHBIMU KPUTEPUSIMH JUISl OLICHKH PE3YIBTATOB FEOTEXHHYECKHX PACUETOB
SBJISIOTCS:

- YCTOMYMBOCTE COOPY)KCHHS. B CTPOWTENBHBIN Tepron ©Oe3 TpaHCHOPTHOIM
Harpy3kd H [0 Hauyala (QUWIBTPALUOHHON KOHCONUAAUMM (HECTAOWIN3UPOBAHHOE
COCTOSIHHE), B OKCIUTYaTal[MOHHBI TIEPHOJ C TPAHCIIOPTHON HArpyskoil W moclie
3aBepiueHus 6oree 80% koHconuaauuy (cTadUIM3MPOBAHHOE COCTOSHME).

- BpeMS JOCTIDKCHHS JIOMYCTHMOIN WHTEHCHBHOCTH OCAOKH TPYHTOBOTO
OCHOBAHUS.

7.2 Hexons w3 HEOOXOAMMOCTH BBINIOJIHEHMS YKa3aHHBIX BHIOB OLIEHKH,
WCXOJHBIE JAHHBIE JOJDKHBI YAOBIETBOPATH NOTPEOHOCTSIM T€OTEXHHUYECKOTO Pacuera.
CornacHO [3] BBLIEHAIOT ABA TUIA NOBEACHUS IPYHTOB HO YCJIOBUIO APEHUPOBAHMS
(oTKaTUs TOPOBOM BOABI), XApPAKTEPH3YIOIIUXCH OTIMYAIOINMHUCA MapaMeTpamMmu
IIPOYHOCTH U TPEOYIOIUX IPOBEPKYU YCTOHYMBOCTH:

- HeapennpoBaHHOe mnoBefeHHe - JUIS YCJIOBHUit OBICTPOM OTCHIINKH HACHIIH
(OOBIUHBINM TEMIT), IPH KOTOPOM I'PYHT OCHOBAHMsl HE YCIIEBACT KOHCOJIMAMPOBATBHCS M
MOBEICHTh CBOK) IPUPOAHYIO0 IIPOYHOCTb, I[OCKOJIBbKY OTXATHE MOPOBOH BOMBI
3aTpyAHEHO. B pacuerax MCHONB3YIOT MPOYHOCTHBIE NAPaMETPhl TPYHTA, NOJyYEHHbIE B
TpHOOpe OJHOIUIOCKOCTHOTO Cpe3a MO cXeMe OBICTPOro CABWTAa MPH €ro MPHPOAHOM
BN@KHOCTH Chauy, @Qmas WIM HEIPCHUPOBAHHOE COMpOTHBICHAEC cmpary Cu mo
pe3ynbTaTaM  TPEXOCHBIX  HEKOHCOIMAWPOBAHHO-HeApeHHpoBaHHbX (HH) wunum
KOHCONMAMPOBaHHO-HeipeHnpoBaHHbIX (KH) ucnbitanuii.

- JIlpeHHpoBaHHOE NOBEJCHHE - Ul YCJIOBHUH MEUICHHOH OTCHINKH Hachiu (C
BBIAEPKKaMHU ), IPU KOTOPOH Mepeiaya Harpy3KH OCYILECTBIAETCS MO MEPE YBETUYCHHS
MPOYHOCTU TPYHTA B PE3YJbTATe €ro KOHCOJMMAAUWH TOA TMPEAbIAYILEH CTYNCHBIO
Harpy3kd ¢ BO3MOXHOCTBIO OTKaTus TOpOBOif BoABl. B pacuerax HCHOMB3YIOT
5¢QEeKTUBHbIE CLEIUICHHE W Yrol BHYTPEHHETO TPEHHA ¢’, ¢°, MHOIy4YaeMbie MO
KOHCOJUAUPOBAHHO-ApeHIpoBaHHbIM (KJI) 1y KOHCOMM AW POBaHHO-HEAPEHUPOBAHHBIM

(KH) TpeXOCHBIM MCHbITAHHUSIM.
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7.3 BeiOop THHAa TOBEACHHMS MO YCIOBUSAM JPEHHPOBAHMS ONPEACIACTCS
CACAYIOLIMME ITapaMeETPamMu:

- CKOPOCTb (punbTpaLuu BoAkL B rpyHTe, K,

- CKOPOCTb BO3BEJICHHS COOPY>KEHNH,

- TPaHUYHBIC YCJIOBUS PACYCTHOH CXEMBl M TEOMETPHYECKHE TIAPAMETPhI
COOPYKEHHUSL.

Hanpumep, [uis cymecu OTChIIKAa HachiMi 3a 3 JHA MOXKET OBITh OTHECEHA K
HEJPCHUPOBAHHOMY LIOBEJCHHIO, & OTCHIIKA B TEUYCHUE MECALA K IPEHAPOBAHHOMY, XOTS
TPYHT OJIMIH H TOT JKE.

7.4 B KadecTBe TIPEBAPUTEIILHOTO KPUTEPHUS Uil OTHECCHUS TIPyHTa K
JPCHUPOBAHHOMY MJM  HEJAPEHUPOBAHHOMY THUIY TIOBEJCHHS  PEKOMEHIYETCS

WCTIONIB30BaTh (pakTop BpeMenu T, onpenensemMsrii mo Gopmyie:

T=22, (1)
rae Cv — ko3 PunueHT KOHCONUAAINH;
t — pacueTHOE BpeMs;
H — nyTs Qpunsrpanum.

B 3aBucuMoctm 0T pe3yinbTara pacuera mo ¢opmysie 1 TpeaBapHTENBHO
Ha3HAyaeTcs OBEICHUE TPYHTOB:

- JlpeHupoBaHHOE MOBEACHHE:

T>2 (creneHp kKoHCOMMAanuu Gonbie 90%)

- HeppermpoBanHOE MOBEICHHE:

T < 10" (cTenenb KOHCOMMAALME MeHbIIE 1%);

Juist ciygast 10* < T < 2 HeoOXOAWMO BBHITIONHATE PacueT KOHCOMHIALMA H
JIOTIOJTHATETLHOM TIPOBEPKHU MO KPUTEPHIO MPOYHOCTH.

7.5 JlucnepcHsbie CBA3HBIE TPYHTHI MOTYT OBITE paszaencHsl Ha Tpu Tuna: 51 u B2 B
3aBUCAMOCTH OT YCJIOBHM IPEHUpPOBaHWs W TUI B3, KOTOpHIA mpeanosaracT ycIoBHOE
3aBEpIICHHEe KOHCOMMAAMU (OT COOCTBEHHOTO Beca) M HE TpeOyeT BBIMOIHEHUS
PacueTOB KOHCOJMIAIMA 3THUX TPYHTOB. YCJIOBHOCTb NAHHOTO TPeOOBAHUS CBs3aHA C

Teopueit (PUIBTPAMOHHOM KOHCONMAALMHU, KOTOpas NMPEMEHUMA TOJIBKO K ITOJIHOCTBIO
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BOJIOHACBHIIIICHHBIM TPYHTaM, a B IVIMHUCTBIX TPYHTax TBEPIOW M TOJYyTBEPAOM
KOHCUCTEHIIMM B CHJYy OCOOBIX CBOWCTB CBSA3HOW BOJBI M MOBBINICHHOH BA3KOCTH
MOPOBO# BOIBI (PUIBTPALMOHHEBIA PEKUAM HE CIICAYET 3aKOHY JlapcH, KOTOPHI JIEKHUT B
OCHOBe (mIbTpaMOHHON Teopuu. Kpome Toro, TpeboBaHue K BHIMOIHEHHIO PAcUYETOB
KOHCOJIMAAINK COTJIACHO [3] mpuMeHseTcs K cnabbiM IpyHTaM, K KOTOPHIM OTHECEHBI

TJIMHUCTEHIE TPYHTHI € MOKa3aTesneM Tekyuectd I1>0,5.

8 IlosiyyeHne HCXOXHBIX JAHHBIX JJIs1 pacueTa

8.1 OcHOBHOM akIleHT B O3TOM paszfele JAejJaeTcsd Ha MEXaHWYECKHX
XapaKTEPUCTUKAX TPYHTA, NPEICTABIAIOIUX COOOH OCHOBY MJIsl T€OTEXHMYECKOTO
pacuera. Pe3ynbrarel HCIIBITAHUH JOJDKHBI 00€CIEUNTh TOIYIEHHAE CIEAYIONMX CBOMCTB
TPYHTOB:

- nepopMaOHHBIX;

- MPOYHOCTHBIX;

- (punbTPALMOHHEIX;

- PCOJIOTYECKUX (TI0I3YUECTD).

HixeHepHBIe U3BICKaHUs CIEAyET IPOU3BOAUTH B COOTBETCTBUM C TPeOOBaHUSIMU
CI147.13330.2016, I'OCT 32836-2014, I'OCT 32868-2014.

8.2 Heo6x0omiMO IIPOBECTH MONEBBIE U 1a00OPaTOPHBIE UCIIBITAHUS VIS B3AUMHOIO
KOHTPOJISL: TIOJIEBbI€ TIO3BOJISIOT OIEHUTh COCTOSIHUE TPYHTA B MacCHBe, a 1Ja0OpaTOpHBIE
CAenarb TPOTHO3 W3MEHEHWs TpH BO3JCHCTBHM coopykeHHd. Hcnonb3oBanue
COBPEMEHHBIX BHJIOB MOJIEBBIX WCIBITAHWI B COYETAHWH C JAOOPATOPHBIMH HO3BOJISIOT
00ecneunTs HAWIy4llee KaueCTBO MCXOMHBIX JAHHBIX, OT KOTOPHIX 3aBHUCUT HE TOJIBKO
CTOMMOCTb 3aTpal Ha CTPOMTENBCTBO, HO W HAIEKHOCTh U OecrnepeboiHOCTh
JKCIUTyaTalMOHHON pPaboTel COOpPYXKEHUS. PeKOMEHAYIOTCS K HCMOJb30BAHUIO TAaKHE
meroapl moneBblX HcnbiTaHuii kak: CPTu  (Obe30CTaTH4ECKOE 30HMPOBAHHE C
HU3MEPEHUEM TIOPOBOTO JABICHUS) M NWJIATOMETP, MO3BOJIAIOIIHE NpPH HATHYHH
PETHOHAILHBIX KOPPEALMOHHBIX 3aBUCMMOCTEH MONMy4aTh HE TOJIBKO I'PAHULBI MEKIY
CII0MHU ¥ OOKOBOE JABJICHUE TPYHTA, HO M LENbIH P APYTUX BaXKHBIX FEOTCXHUYECKHX
napamerpoB. OCOOCHHOCTH BBINOJHEHUS HCIBITAaHUH TPYHTOB TPEOYIOT MCIOIB30BAHUS
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3-4 cnocoOoB UCHBITAHUIT TPYHTOB, HAIPUMED, 2 MOJEBHIX, 2 abopatopHbiX. [losieBbie
UCTIBITAHMS TIO3BOJISIOT MOIydaTh HHGOPMAIHIO B MacCHBE TPYHTA, OJHAKO BEIAABacMast
mpubopamu 30HAMpOBaHus HHGOpMaLus TpeOyeT KOppemalud ¢ Jaa0opaTOPHBIMU
METOIaMH, KOTOPBIE, B CBOKO 0YEPEIb ABISIOTCS OCHOBHBIMH MMOCTABIIMKAMHU UCXOJHBIX
JAHHEIX B TEOTEXHMYECKME METOABI pacueToB. KpoMe Toro, nabopaTopHbie METOABI, B
OTJIMYXE OT TIOJIEBBIX, TIO3BOJIAIOT CAENATH TPOTHO3 U3MEHEHHS CBOMCTB MPH Pa3IH4HBIX
BO3ICUCTBUSIX (TPACKTOPUM HATPYXKEHMS, 3aMaydMBaHME M TpP.), OJHAKO TPOLECC
M3BJICUSHHUS 00Pa3ioB BHOCUT CYLIECTBEHHEIE TIOTPEITHOCTH B KAYECTBO PE3YJIBTATOB.

JlabGoparopHble MCIBITaHUS NPOBOIATCS € YYETOM HE TOJBKO OOLICHPHHSATOTO
T'OCT 12248-2010 «I'pyHTE. Metopl 1a00paTOpHOrO OIMpPEAEIEHHS XapaKTePHCTHK
MIPOYHOCTH U AePOPMUPYEMOCTIY, HO M 0TpacieBblx JokyMeHToB: TOCT P 54477-2011
«pyHTEL. MeToasl ma0opaTOpPHOTO ONpeNelieHrs] XapaKTepUCTHK AeGOPMHPYEMOCTH
TPYBTOB B AOPOKHOM cTpouTensctBe» W T'OCT P 54476-2011 «I'pyHTH. MeTtomsl
7a00paTOPHOTrO ONPEIEICHUS XapakTEPUCTUK COMPOTUBISEMOCTH CHABUTY TPYHTOB B
JIOPOXKHOM CTPOHMTENBCTBEY, YUHTBHIBAIOIIMX CHELU(PUKY JMHEHHBIX TPaHCMOPTHBIX
COOPY>KEHHH.

8.3 OOmue pexkoMeHIAMU K COCTAaBy U pe3ynbTaraM TOJEBHIX HCITBITAHUM

IIPUBENICHEI B pazzaene 8; k 1ab0paTopHBIM HCIIBITAHISM B paszene 9.

9 IloseBbie HCNBITAHUSA

9.1 PexkomeHayeTcss TIPOBEACHHE  KOMIUIEKca  paboT,  BKIOYANOLINX:
reopmsmueckue MeToAbl (reopamap, MalOnTyOWHHas —ceiicMopasBemka METOIaMU
IPETIOMIIEHHBIX W OTPOKEHHBIX BONH, & Taoke ceficMoTromorpadmus), craTmdeckoe
3oHauposanue ananor CPTu (c u3aMepeHHeEM IOPOBOTO AABIEHMS), AMIATOMETPHYECKHIE
UCIIBITAHNS M WCTIBITAHWS METOAOM BPAILIATEBHOTO cpe3a NpUOOPOM JIONACTHOTO THIIA
(xpBUIBbYATKA) B COOTBETCTBIH ¢ TosoxeHusMu I'OCT 30672-2012.

9.1.1 UcnelTanus BpamIaTeNBHBEIM CPE30M MPOM3BOAATCS C  ONPEACIICHHEM
IIPOYHOCTH TPYHTA MO riyOKHe (MOCTpoeHUe NPODIIs HEAPESHNPOBAHHOM MPOUHOCTH).
JIONONHATENBHO ONPENENAETCS YyBCTBATENBHOCTE TPYHTOB St (OTHOLIEHWE MUKOBOH W
ocrarounoit mpounoctu) no 'OCT 20276-2012.
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9.1.2 Crarnueckoe 3onmupoaHue (I'OCT 19912-2012) pexomenmyercs
[POU3BOAUTH C MI3MEPEHHEM IIOPOBOTO JABJICHUS (.

9.1.3 H3mepeHue GOKOBOTO JAABJCHHS B COCTOSHMH IOKOS € MCIOIb30BAHHEM
miaroMeTpos u peccuoMerpos (I'OCT 20276-2012, TOCT 58270-2018).

9.1.4 ®uneTpalHOHHBIC WCITHITAaHUS (OMBITHASA OTKA4Ka, ONBITHBIA HAIMB) IO
TI'OCT 23278-2014 nmns onpencneHus Ko3ddunuenta ¢uibTpalvi B TMPUPOIHOM
COCTOSTHHH.

9.2 OCHOBHBIMH TOKA3aTEJISIMU, IJIS TTOIYUIE€HUS KOTOPBHIX HEOOXOAMMEBI TOJIEBHIE
JIAHHBIC SBIAFOTCS TAapaMeTpPbl MOIENeHd TPYHTOB, XapaKTepU3YIOLIME NPUPOIHOE
HAMpPSHDKEHHOE COCTOSIHME TPYHTOBOTO MacchBa (HaudalnbHOE cocTosHue): KO —
ko3 dummentT Ookosoro paineHus; OCR — x03QOUUUEHT NEpeyIUIOTHEHUS WIH
JABJIEHUE NPEIBAPUTENBHOTO YIIOTHEHUS 6P (MCTOPUUYECKOE JABICHHUE ).

9.3 TIIpe30CcTaTHUYECKOE 30HAMPOBaHHE OOECMEUYMUBACT MOMYUEHUE MapaMeTpoB
KOMILIEKCHBIX TEOMEXaHMIECKMX MOJENeH il HECBA3HBIX IPYHTOB (I€CHaHBIE), 0TOOD
KOTOpbIXx O3 HapyIleHWs COCTOSHHS, YCTAHOBJICHWE CTPYKTYPHOH TPOYHOCTH U
€CTECTBCHHOMN MJIOTHOCTH 3aTPYIHEHO. [Ipy HAMYMK PETHOHATBHEIX KOPPEIALMOHHBIX
3aBHCUMOCTEH ¢ J1abOpPATOPHBIMH HCIBITAHUSIMH TIbE30METPHUYECKOE 30HANPOBAHHE
SBJISICTCS TIOCTABIIMKOM OOJIBIIMHCTBA MAPAMETPOB MOJENEH TPYHTA IPU MPOBEACHUH

HCOBITAHUI U HHTEPIPETALNH PE3YITBTATOB.

10 JIa0opaTOpHbI¢ HCNBITAHNUSA

10.1 KoMripeccHOHHBIE UCIIBITAHUS BBHIMOJHSAIOTCS C MAaKCHUMAJIBHBIM JIABIICHUEM
0,8-3,2 MITa gnsa rpyntoB tuna A, b1, B2 u mo 5-10 MIla mns rpyuroB tuma B3
(ctpemsicy mpubnusurcss kK 0,42¢p [2]). Hcnbitanus o0s3aTenbHO MPOU3BOIATCS C
PasrTpy3Ko# I MONyYEHHS JaHHBIX MO BTOPOW BeTBH. PEKOMEHAYETCS BHIICPKIBATH
KaKIylo CcTymenb 24 4Yaca i CcOONMIOJEHHMS yCIOBUH JpeHWpOBaHHUsS, OO
KOHTPOJIPOBAaTh IOPOBOE JaBieHWe. Jlomyckaercs HCMONB30BaTh HpPHOOp ¢

KMHEMaTUYECKUM Harpy>kxeHueM M penaxcauuneii nanpsoxernit (TOCT P 58326-2018).
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10.2 OnpeneneHue naBicHUs IPEABAPUTEILHOIO YINIOTHEHHS G [IPOU3BOIUTCA B
cootBerctBul ¢ ['OCT P 58326-2018. [Tocne momyueHHs AABICHUSA IPEAYTLIOTHEHHS
HEOOXO0JMMO YCTaHOBUTH creneHb mnepeymiotHeHuss (OCR<I — i HOpPMaJILHO
VIUIOTHEHHBIX FPYHTOB 1 OCR>1 ju1s NepeyIIOTHEHHBIX ).

10.3 KoHCONMAAUMOHHBIE HMCHBITAHUS TPYHTA MPOHM3BOJATCA IOJ PACYETHOH
HArpy3Koi mocie mepsoil cryneHu npu OBITOBOM AaBicHUH. McnbITaHus mpoBoAdTCs
OTJENIBHO OT KOMIIPECCHOHHBIX HCHBITAHHN MO OMpPEIE/ICHHI0 MOAYIS Ae(popMaliu.
Koa¢ppurment xoHconmMpanuy ONIpEAEnieTcsl Ul BEPTHKANBHO- M TOPH3OHTAIBHO-
OpPHEHTMPOBAHHOIO TOJOKEHUS oOpasma. JlomyckaeTcs onpeneiacHue kodduuuenra
koHcomuuamuu  Cv METOJOM  TPEXOCHOTO  CKarhsd 10  KOHCOMHIWPOBAHHO-
HenpenuposanHoit (KH) cxeme.

ITo pesynbraTam MpoBeACHUS UCMIBITAHUI HAa KOHCONUAALMOHHON KPHBOH B OCSX
«K03(QGUIMEHT MOPUCTOCTH (MMM OTHOCHTENBHad Jcopmanmus) - Jorapudm
(mecsATHUHBIH) BpeMEHH» (PUCYHOK 1) BBIAENAOT YYaCTOK BTOPUYHOM KOHCOIUAALMHA C
ompenenenyieM ko3 durmenta nomsydectu Ca (mo TOCT 12248-2010, [Tpunoxenue K).
Hcnomb3yeMelit B HEKOTOPEIX MOJETIX MOIMGUIMpPOBaHHbIH ko3QdHUIMCHT mom3yvecTr
w* onpenensiercs mo Gopmye:

x Cll
”’ - 5 )
rae Ca — ko3(pduimenT mona3ydecTr (BTOPUUHAS KOHCOIHM AN ),

@

2,3 — OCHOBaHHE HATYyPAILHOTO Jorapudma.

Lnt

NMepBuyHaa

BropuuyHaa

€
\

PucyHok 1 — KoHcommmanoHHast KpHBast JUTS ONPEACIICHHS IPHBEIEHHOIO
koo punmenta nomydyectu p*
20
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10.4 KowmnpeccHoHHO-(PMIBTPAMOHHBIE WUCHBITAHUS TTPOM3BOAATCS VIS JBYX
COCTOSIHHM 00pasIia: pH OBITOBOM AABJICHWH W TIPW JTABICHWM OT PACUCTHOM HATPY3KH
(TOCT 25584-2016). Ilpu OTCYICTBUM [aHHBIX O PAaCUCTHOM HAarpy3ke WIM MpH
MEPEMEHHOM €¢ 3HAYeHWH MPOM3BOASATCS WCIBITAHUS IUTS HECKOJBKUX BapHAHTOB
Harpy3kd. Jlomyckaercs ompenencHue koddoduuuenta (uIbTpaliiM B TPEXOCHBIX
npubopax (0coOeHHO ATIs CI1ab0BOAOTIPOHUIIAEMBIX TPYHTOB).

YUuTBBasS HEMMHEHHOCTh 3aBUCHMOCTM MOIYJNsS AehopMaruy OT HANPSOKEHHIA,
koadduruenta QuabTpaliE OT W3MEHEHHWS TOPHCTOCTH TPYHTA PEKOMEHIYETCs
BEINIOJTHATE PACUeT KOHCONMZALMM Ha OCHOBe Kod(p¢uumenta ¢QunbTpanum, Kkak
BXOIHOTO IapameTpa Mopenmd. HemocToSHCTBO MOAyNs AeopMAlH YINTHBACTCS B
MOJEJSIX TPYHTa MPH HCMONB30BAHWH JIOTApUPMHUIECKHX TOKasaTenell CKAMacMOCTH
(urgexkc kommpeccud Cc wimm Moau(uIKEpOBaHHBI KO3(DOHULIUEHT KoMIpeccud A* u
CTCTICHHOTO TIOKa3areas M), CHIKCHWE TMPOHWIAEMOCTH B TIPOIECcEe CKATHA
yauTHIBacTCS 3a cuet koadpunuenta Ck.

Wamenenne koaduimenta GpuasTpauny B MpoLECCe YITIOTHEHUS ONpPEENsIeTCs Mo

tdopmyne (rpaduueckoe MPEACTABICHNE NOKA3aHO HA PUCYHKE 2):

) ©)

rae Kyo — omopHbIi KoahduumeHT (MIBTpaIii B MPHPOZHOM COCTOSHHHU C

e

— —%
kg = kgo exp( o
K03 QUIIMEHTOM NOPUCTOCTH €y
Ck — ko3 ¢punuenT, yuntsiBaromuit u3MeHeHHe GUIbTPALMOHHBIX CBOICTB
TPYHTAa B MPOLIECCE CHKATHSL,

€ — Ko PUIHEHT TOPUCTOCTH, COOTBETCTBYIOIIHM HATPY3KE OT COOPYKEHHUS.
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Le(ks)

PrcyHOK 2 — 3aBHCHMOCTB MEXAY K03 PuLHeHTOM GIITBTpatii U Ko3hHHIIEeHTOM

MOPHCTOCTH B MONYJIOrapU(MIIECKUX KOOpIHHATAX

10.5 TpexocHble HCHBITAHHSA TIO KOHCOJHJMPOBAHHO-HEAPESHHPOBAHHOH CXEMe
(KH) MoryT OBITh BHIITOJHEHHI B IBYX UCHIOJIHEHHAX:

- C nmnpunokeHMEM Harpy3kd 0oOKarTusi, COOTBETCTBYHOIIECH OBITOBBHIM
HaNpsDKEHKUAM, W TOCIEAYIOIUMM JI€BUATOPHBIM paspyLIeHHEM ( Ui OHPENENICHUS
HE/IPEHIPOBAHHOTO CONPOTHRIEHUS caury Cu=q/2.

- CrargapteeiM o6pazom no 'OCT 12248-2010. [aenenus B kamepe npudopa
PEKOMEHJyETCs 3a7aBaTh IOCE ompenencHus kodddmuimenra nepeymiorHenus OCR
TakuM 00pa3oM, YTOOB! MIPEBHIIANIOCH JABJICHUE MPEIBAPUTEILHOIO YILIOTHEHUS Gp. B
5TOM chnydae A(QeKTHBHbIE TapamMeTpsl MPOYHOCTH OYAYT COOTBETCTBOBATH
HOPMAJIBHOYIUIOTHCHHOMY MMOBCACHUIO TPYHTA.

HexoHconumpoBaHHO-HEAPSHUPOBAHHbIE ~ TpexocHble  ucnbitanus  (HH)
BBIMIOJIHAIOTCS € LETBbI0 MOCTPOCHHS NPOo(QUis HEAPEHUPOBAHHOTO COTPOTHUBICHHS
cmeury Cu mo ryOune. Ha mpoduib Tarke HaHOCATCS OaHHbBIE pe3ynsraTtoB KH u

TOJIEBBIX (KPBUTBYATKA) CTTBITAHUH.
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KonconuaupoBaHHO-ApeHUpoBaHHble HcnbiTanus (KJ[) BemoNmHSIOTCA — TIpH
00s3aTeNnbHOM COOMIOJICHUH CKOPOCTHOTO PpEXMMa BO HM30€KaHHE BO3HUKHOBEHHSA
MOPOBOTO JIABJICHAS B 00pasLe.

Ucnbiranuss B crabmioMerpe THma b Tpou3BomsTCS 04 OmpeieieHus
koddpunmenTa 6oxooro aasneHus Ko [4].

10.6 Hcobitanuss B HpuOOpE  OJHOIUIOCKOCTHOTO Cpe3a TIPOM3BOJATCS B
cootrBercTBHM ¢ I'OCT 12248-2010 ¢ yueroM crnenu(UKH JHHEHHBIX COOPYKCHHIA,
m3noskeHHoit B TOCT P 54476-2011 «'pyHTh. MeTopI 1a00pPaTOPHOTO OMPEACTCHUS
XapaKTePHUCTHK CONPOTHUBIISEMOCTH CABHIY I'PYHTOB B JOPO’KHOM CTPOMTENLCTBEY II0
cxeme ObIcTporo cisura. ITomydeHHBIC 3HAYCHHS IIPOYHOCTHBIX XaPAKTEPHCTHK Cy U Py
MOTYT OBITH HCIIOJB30BAHBI TONBKO JUIA ONECHKW HECTAOMITH3UPOBAHHOIO COCTOSHMS
MyTeM aHANH3a B MOJHBIX HANPsDKEHUSX. JIaHHBIC MCIBITAHUH MO CXEME MEMJICHHOTO
CIIBUTA B BUJE YCIOBHEIX MAPAMETPOB MPOYHOCTH €’ W @’ B YHCICHHOM MOASIMPOBAHHH
CIIa0BIX TPYHTOB, KaK MPABUIIO, HE IIPUMEHSIOTCS.

10.7 TpyHTEI, HCHONB3YyEMBIE B TEJIC 3CMIITHOTO TMOJNOTHA JOJDKHBI OBITh
ucIbITalH Mo cneayromeit cxeme (IOCT 30416-2012; TOCT P 54477-2011):

1. momydeHe 00pa3IoB HAPYIICHHOTO CIIOXKEHNUS;

2. ONpenelecHHE MAKCHMAIBHON IUIOTHOCTH M ONTHMAJIBHOM BIAKHOCTH B
npubope cTaHaapTHOTO yIoTHeHus [ICY;

3. 3amaEme B IpuOOpE COCTOSHHS IUIOTHOCTH-BJIAXHOCTH, COOTBETCTBYIOLICH
TpeOyemoMy K03 dunuenTy ynnorneHus Kyny;

4. ompezneneHue IPOYHOCTH TPyHTA NPH 3aJaHHOM COCTOSHHMH IJIOTHOCTH-
BI&KHOCTU. [ MONMEHHBIX HACHIIEH y MNOATOIUIAEMBIX TEPPUTOPHYM MCIBITAHUS
IIPOM3BOAATCS OM BOJOMN.

IIpeAnoYTUTENBHO HCHOJNIB30BAHUE TPEXOCHBIX INPUOOPOB,  MO3BOJISAIOIIMX
€O3JaBaTh HANPKEHHOE COCTOSHNE, Ooree MPUOMLKEHHOE K PEATBHOMY 10 CPABHEHHUIO
C OAHOIIOCKOCTHBIM CPE30OM.

10.8 PexoMeHIyeMble TapaMeTpbl U METOABI X NMONYYEHHS IPUBEICHEL B TAOIHALIE
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Tabnuia 2 — PexoMeHIyeMble TapaMeTpPhl B METOIbI HX OTPeIeICHHUS

Paspen Bun ucnibrranus Pesynbrar Tun
8.1.1 | Kpruipaarka HenpenupopanHzas npoynocts Cu B2
8.1.2 | IIre3ocTaTuueckoe Henpenuposannas nmpounocts Cu, B2
sonunposanue (CPTu) OddexTuBHasT IPOYHOCTD @, C, A B
Kos¢pdpuuuent xoucomunanuuu Cv, B2
Koadduuuent 6oxosoro nasnerust Ko
Kosduuuent nepeymiornenus OCR
JlaBlieHue penBapUTENIbHOTO YILIOTHEHHS Op A B
9.1 Kommpeccnonneie Onomerpuueckuii Monyib Aedopmariu EZZ;, B
Hupexc (ko3¢ duuuent) komnpeccun Ce
(%), B
Hunexc (koadduuunent) pexomnpeccuu Cs
(Cr unu «*) B
Monynb ynpyroctu Elrj.f
Tokasatenb cTeneHu m AB
b
9.2 KoMmnpeccHoHHbIE Kosddpuunent nepeymnornenus OCR
JlaBlieHHe MpenBapUTENIbHOTO YIUIOTHEHHS Op B
CrpykTypHas npo4HocTb Perp
9.3 KonconuaanyoHHbie Kosdpuunent konconunarmu Cy, b2
Kosdduunent nomsyyectu Ca (4*) b2
9.4 OubTpauOHHbIE Koaddunuent bunsrpamuu kg 11 pa3Hbix A B2
OO’KMMAIOINMX JAaBJICHHIT ’
9.5 KH ucnbitanus Henpernposannas npouanocts Cu, b2
D¢ dexruBHas npousocts ¢, ¢’ A B
9.5 HH ncnobrranus Henpenuposannas npounocts Cu b2
9.5 KJI ucnibrranust Mony b nedopmariin Egsf
Monyne ynpyrocti E;’;f
DddexruBHas npouHOCTs @, ¢’ A B
ITokxasarens crenenn m
Koadduuuent 6okosoro masmenus Ko
9.6 OnHOMIIOCKOCTHOM cpe3 IIpounocts 10 koHCOMUAAMHU Cray, Prax, 5

11 Ouenka kauecTBa 006pa3nos
11.1 BBuay CYLIECTBEHHBIX MPOOIEM, CBS3aHHBIX C OTOOPOM KAUECTBEHHBIX
00pa3loB HEHAPYIIEHHOTO CIOXKEHHS B BOMOHACHINIEHHBIX TPYHTAX, IS MOBBIIICHHS

JOCTOBEPHOCTH PE3YyNILTATOB na6opaTopH0ro ONpeaACIICHUA IMPOYHOCTHBIX u
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Je(OPMAIIMOHHBIX XapPAKTEPUCTHK DPEKOMEHAYETCsA BHIIOJHATE OLEHKY KayecTBa
00pasIIoB, MpeIHasHAYEHHBIX JUTIS uenbiTanmii (Mmetoauka CIT23.13330.2018).

11.2 KoNM4YeCTBEHHYIO OIICHKY KauecTBa OOpas3lOB CIEAYET BBITONHATH
MOCPEACTBOM W3MepeHHs 00BbeMHON medopMalid TPYHTa B PE3YNbTATe MPHIIOKECHHSL
5 (eKTHBHBIX OBITOBBIX JABIEHHI, COOTBETCTBYIOWMX IiyOuHe oTGopa oOpasua mo
tabmaue 3. Jiis 5TOTo Ha CTaAuH KOHCOMMIANMA 00pasLia ONPEAEIIAIOT NapaMeTp K:

K = Sﬁbl']‘(1+e0)’ (4)

€o
TAC  Egur oTtHocuTenbHass (oObeMHast) JAedopManuu 1on  NeHCTBHEM
TIPUIO’KEHHBIX JABJICHUIA,
€0~ HAYAITBHEI KOO(ULHEHT NOPHCTOCTH 00pasia.

Tabmuma 3 — Kparepun OLiEHKH KauecTBa 00pa3LoB

KoadppunueHT kayecTsa K
li%l;c;;ao HOPMAaJIbHOYIUIOTHEHHBIH TIePEYTUIOTHEHHbIH
OCR=1+2 OCR =2+4 | OCR=4+6
OTIINIHOE 1o 0,04 1m0 0,03 0 0,02
X0PpoIIee 0,04-00,7 0,03-0,05 0,02-0,035
J10X0€ 0,07-0,14 0,05-0,1 0,035-0,07
OYEHbB IUIOX0E cermre 0,14 cBhrmre 0,1 cBhImre 0,07

Ipumeuanue: npy BbIAEP)KUBAHAN CTYIEHH Gosee 3 4acoB Juis onpeneneHus koddhdurnenTa kadecTsa
06pasuoB K HEOOXOAUMO ONPEEeNUTh MOMEHT 3aBEPLICHHS ePBUYHOI KOHCOIHIALIHIL.

TTokasarenr OCR onpenensercs B COOTBETCTBMM ¢ pazzenoM 13. ITapamerpst
IIPHPOTHOTO HATIPSHKEHHOTO COCTOSTHHS TPYHTOBOTO MacCHBa
O6pa3Libl, MONYYUBLINE OLCHKY KAYCCTBA «ILIOXOC» M «OUCHBb IUIOXO0E» JUIL

nansHeHmel 00paboTKY 1 aHANM3a, He IOy CKAIOTCSL.

12 OcHoBHBIE MApaAMeTPhl KOMILJICKCHBIX F¢OMeXaHHYeCKHX

MojeJIeil rpyHTa
12.1 /Ins BbIIOJIHEHUS PACYETOB PEKOMEHIYETCS MCMOJIB30BAHUE KOMILIEKCHBIX

reomexaHmuecknx wmoxeneii rpynta (KI'M), xortopeie MpeaCTaBISIOT —coOoft

COBOKYIIHOCTh ~ PA3IMYHBIX  CAMOCTOSTCNBHBIX  TCOPUI  IOBEICHHWA  TPYHTOB,

00bEIMHEHHBIX B €IMHOI CHUCTEME YpaBHEHWM M 00ecrneyMBaromiel B3aMMHYIO CBS3b
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MEXIy ABYMSA OCHOBHBIMH BHIAMH MEXAaHHYECKOTO IOBEJICHMSI I'PYHTA IPH BHELIHEM
BO3ICHCTBUH: OOBEMHOE CXKAaTHE W JICBHATOPHOE HArpy>KEHWE B BHJIC TpaeKTopwit
HanpspkeHui [5]. Mopmenw TpyHTa TPEACTABIAOT o000 HAOOp MaTreMaTHYeCKhX
3aBHCUMOCTell, KOTOpele JOOABRIIOTCA B TPOTPaMMHBIE  KOMIIEKCH  Kak
JononHuTensHble DLL 6uOaMoTeKH ¢ MPOrpaMMHBIM KOJIOM, II03TOMY IPOU3BOAUTEIN
IOporpaMM MOTYT IO CBOEMY YCMOTPEHHIO JO0CABIATH WIIM HE J00aBIATH B CBOH
IpOrpaMMBbl T€ WM MHBIE Mojenu. Hanbonee yaaunble MOAEIH IPUMEHSIOTCS B PA3HBIX
HporpaMMax M HE UMEIOT OTHOIICHHS K KOHKPETHOMY HPOrPAMMHOIO NPOAYKTY, IpH
3TOM MOTYT OBITH CJIeTKa BHIOW3MEHCHBI KKABIM Pa3pabOTYMKOM MOJ, BO3MOKHOCTH
IIPOTPAMMBL.

12.2 Kiaccudukanys TeOMEXaHUYECKHX MOJENEH TPYHTa, HCIOJB3YEMBIX B
TEOTEXHUYECKUX TPOrPAMMHBIX KOMILTEKCAX:
1) npocTteie
1.1) ynpyras nnm nuHeitHO-nehopmupyemas (Linear Elastic);
1.2) ynpyras (uneiino-gedopmupyemas ) uneansaomactayeckas (Mohr-Coulomb);
2) KOMIUTEKCHEIE

2.1) yuntsBatonmme o6seMHoe yripounerue (CamClay, MomudurmpoBanHas
CamClay; SoftSoil);

2.2) yuuThIBaroIie odseMHaOe U capurooe ynpounenue (HardeningSoil, Hardening
Mohr-Coulomb; HardeningSoilSmall, General HardeningSoil);

2.3) yautsBaromue anu3oTponHocTh (Sekiguchi-Ohta, S1Clay, NGI ADP);

2.4) yIUTHIBAIOIINE PEOIOTHUECKUE CBOHCTBA, T.€. Ac(hOPMALMU BO BPEMEHH
(SoftSoilCreep, Sekiguchi-Ohta).

Mogenu SoftSoil u SoftSoilCreep sBasroTcs Haubojee ONTHUMAILHBIMU IS
MOJIEITMPOBaHUS CIa0BIX TPYHTOB, UTO CBSI3aHO € JOCTATOUHO CJIOKHEIM MEXaHMU3MOM MX
paboTEI M JOCTYITHBIMA MCXOAHBIMU AAHHBIMU. Mozenb HOpBeKCKOro reoTeXHHu4eCKOro
uncturyra NGI ADP omnmckiBaeT Goree CloXHOE HallPSKEHHOE COCTOSIHME B OCHOBAHUHT
Hacemed Ha cgabblX TpyHTaX, HO TpeOyeT CHenManbHBIX (AOMONTHUTEIBHEIX)
71a00paTOPHBIX UCTIBITAHUH.

OCHOBHBIE TTpeuMyILeCcTBa Henonb30Banus KI'M rpyHTa:
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- Y4eT HEIUHEHHOCTH MEXAy HampsokeHusMH W gedopMmaruedt  (mmo
norapu(hMUYECKOH 3aBHCUMOCTH),

- PasHHIIA B OCaIKe MEXIy IECPBUYHbLIM U MOBTOPHBIM HArpy>KeHHEM (yder
MOJYJISl YIPYTOCTH ¥ MOAYJIS AehOpMAaLInn ),

- UCIOJIB30BAHUE KPUTEepHs PpodyHOCTH Kynona-Mopa (cTaHmapTHEIE Pe3YIbTATH
WHKCHEPHBIX M3BICKaHMH ),

- Y4€T BTOPHYHON KOHCOIUAAIUHY (TI0N3Y4YECTb BO BPEMEHH);

- BO3MOYKHOCTh (JOPMHUPOBATh HAualbHOE HANPSHKEHHOE COCTOSHHE B IIPOIECCE
pacdeTa KUCTOPUYECKOIO YIIOTHEHHS U YUYMTLIBATH €r0 BIMSHHE HA MPOYHOCTH H
JehopMUpyEMOCTh TPYHTOB B pacieTax YCTONIHBOCTH U OCAAKH, COOTBETCTBEHHO,

- yYeT IUIACTHYECKHX AedopMariuit IpH MepBUIHOM JCBHATOPHOM HATPYKCHUH
(cmBuroesle AethopMaIiy OCHOBAHEI Ha JJAOOPATOPHEIX TPEXOCHBIX UCIIBITAHMSX ),

- YIpPYyroe MOBEACHHE (pacdeT OCaakH MO0 MOAYII0 YHNPYTOCTH IIPU SKCKABAIH
TpyHTa),

- YUET YBETMYCHNS IPOUHOCTH ¢ TTyOHHOM.

OcHOBHBIE IapaMeTpbl MOjenelt M CIOCOOBI MX OHPENEIeHWsS TIPUBCACHB B
IIprIIokeHuu B.

12.3 [Inst MOfieNel, YYUTHBAIOIX 00BEMHOE U CIBUTOBOE YIIPOUHEHUE, BXOIHBIE
TOKA3aTeNnu JKECTKOCTH OTHOCATCS K OINpPENCNICHHOMY ONOpPHOMY (pedepeHTHOMY)
JIABIICHUIO PDref, 3AJAHHOMY TEXHHUECKHM 3afaHueM (10 YMONYaHHIO pedepeHTHOe
JapneHue npuHuMaercsa paeHeiM 100 x[la). B ToM cnyuae, ecnu B pacnopspKeHHH
WCTIBITATENIBHOM  JTAaGOparopuyi  HMMEIOTCS  JaHHBIE O BEIMYUHE TEOCTAaTHYECKOro
(ObITOBOTO) maBNECHWsS B TOYKe OTOOpa 0Opaslia, MOCHeaHee MOKET ObITh MPUHATO B
KagecTBe  omopHoro. OmopHOE  [JABICHHE  JO/DKHO  NPEBHIIATH  JABJICHUE
HPEeIBAPUTENBEHOTO YIDIOTHEHHS Prei>Cp. [laBICHHE NPEABAPHTENBHOIO YIUIOTHEHUS W
kodpduuuent nepeymiotHeHuss OCR Uil DpeIBAPUTENBHBIX PACUYeTOB MOXKET OBITH
onpenenen mo Metoauke BHUUT um. Beneneesa (matent RU 2405083).

12.4 Jinsa MopmenmupoBaHWs cia0bIX IPYHTOB DPEKOMEHAYETCS HCIONb30BAaHUE
MoJienel, YIUTHIBAIOIMX: 1) HEIWHEHHYI0 3aBUCHMOCTb MEXAY HANPSHKECHUSIMH |

nedopmanmeit, o6semMHOE ypouneHHe (HanOomee MOAXOAAIIER SBIAETCA MOAENb SS;
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ucnonezosarwe  momenw  HS  orpammueno  ycnosuem  Ench /Ere’ < 0.5);
2) PEONOruueCcKUe CBOMCTBA IPYHTOB (MOJENU € YYETOM MON3ydecTH, Hanpumep, SSC).
TIpuMeHeHre MOAEIEH, YUUTRIBAIOIUX 00BEMHOE | caBurooe ynpoudenue (HS, HSS,
MCC) pekoMeHIyeTcsl B T€X Cliydasx, KOraa npeodiagaroT CJIBUTOBHIE AehopMariyu,
HanpuMep, YCTPOKMCTBO KOTJIOBaHA TPH 3aMEHE TPyHTa WM A MOAEIMPOBAHUS
necyaHbIX I'PYHTOB, B TOM 4HCJIE IPYHTOB Hachin. [Ipoctas Mozenbs (ympyras Wid
nauHerHo-IeopmMupyemMas upeanbHo miactadeckas Mohr-Coulomb) Moxker ObITH
UCIOJIB30BaHa JUIsl [IPEIBAPUTENBHON NPOBEPKU PACYETHOM CXEMBI, HA3HAYCHUH 3TAIlOB
pacuera M OLIEHKH yCTOWYMBOCTH. JloMmycKaeTcs NPUMEHEHUE 9TOH MOENN Ul IPYHTOB
¢ mokazareneM Tekyuectd [1<0,5 u HECBA3HEIX I'PYHTOB. BO3MOKHOCTH MCIIOJIB30BAHUS
MOJIENH JJIsl 3THX CJIy4YaeB ONpPEAE/ICTCd Ha OCHOBE COIOCTABJICHMS HANDSLKCHUH M
nedopmanuii no kpureputo 10% [3] cormacHo myHKTY 13.6.

B npunosxennn J{ mpuBefeHa TabiaMIa COUETaHUS OCHOBHBIX THIIOB MOBEACHHS,
MOJENEH U Pe3yIbTaTOB pacuéTra.

12.5 PacnpeneneHue mapaMeTpOB IS OCHOBHBIX PEKOMEHIYEMBIX MOJCNEH
TpyHTa npuBeAcHO B mpuwiokeHnn B. Tlomyuenne napamerpoB KI'M rpyHTa Ha OCHOBE
aHaIN3a ¥ MHTEPIPETaluy HONEBLIX U JAOOPATOPHBIX AAHHBIX KPATKO MPUBOIUTCA B

pazaenax 2-14.

13 XapaxkTepucTHKH NPHPOAHOr0 HANPSYKEHHOTO COCTOSHHS

I'PYHTOBOI'0 MaccUBa

13.1 B xo0A¢ HCTOPHUYECKHX MNPOLECCOB (HOPMHPOBAHMS OTIOXKEHHH TOPHBIX
MOPOA, MPOMCXOAIIT TIPOLECC JUAreHe3a U TMOC/EAYIOmEro JUIMTEIFHOTO €CTECTBEHHOTO
VIUVIOTHEHHS 32 CYeT ODKATHA CBOOOAHOH BOABI ((HITBTpamioOHHAS KOHCOJHNALWSA).
I'pyHTsl, 3aieiicTBOBaHHBICE B 3TOM IIpOLECCE, /s KOTOPBHIX CYLIECTBYIOIIEE
3¢ dexkTUBHOE AaBJICHHE OT BBIIIENEKAUINX TUTACTOB MPEACTABISET COO0N MaKCHMAITBLHOE
JIABJICHUE, TOJ KOTOPHIM IPOMCXO/WIA KOHCONMUAAUMS 3a BCIO UCTOPHUIO, HA3bIBAOTCS
HOpMaNbHOYIUIOTHEHHBIMH (HY).

13.2 B OTAENBbHBIX PETHOHAX B XOAE TIEOJIOTMYCCKOM MCTOPUM NPOUCXOIMIH

CO6LITI/ISI, HN3MCHHUBIINNUEC NPOLCCC HOPMAJIBHOIO YIUIOTHCHHS: MABJICHUC OT JICTHUKOB,
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BPO3HOHHBIE W JCHYJAIHOHHbIE (IIOCKOCTHOW CMBIB) TPOIECCH, CHOCOOCTBYIOLIUE
Pa3MbIBY (CHIDKEHHIO BBHICOTH) W YMCHBIICHHIO JABJICHUS, KONeOaHH IPYHTOBBIX BOJ| B
TIPOYHE, YTO HPHUBEJIO K NEPEYIIOTHEHHIO IPYHTOB. [ PYHTHI, KOTOPBIE OBUTH MOTHOCTHIO
KOHCOJTUIMPOBAHBl NABJICHWEM OONBIOAM, 9eM CYIIECTBYlOLICE ObITOBOE IABICHHE
Ha3BIBAKOTCS MEPEYIUIOTHEHHBIMU WJIM MIPEABAPUTENHHO YIUIOTHEHHBIME (ITY).

13.3 JlpyruM BapHaHTOM HApylIeHHs NPOLECCAa HOPMAJBHOIO YIUIOTHEHHUS
SBJISETCA XMMMYECKas [LEMEHTAalls 4YacTul Ha /mo0oi cramuu  (GopMUpPOBaHUS
OTJIOKECHWH, TIPUBOAAIIAA K IPUOCTAHOBKE KOHCOJIMAAIMU TOJ COOCTBEHHBIM BECOM.
I'pyHTEL, B KOTOPBIX MPOLECC KOHCOMMAALMH OT COOCTBEHHOI'O Beca HE 3aBEpINEH, a
JABJICHUE, TIPA KOTOPOM IIPOMUCXOAUT PpA3pyLICHHE LEMEHTAMOHHBIX  CBA3CH
(Ha3bIBAEMOE CTPYKTYPHO#M MPOYHOCTHIO) TIpeBHIIacT 3(hekTnBHOE OBITOBOE JABICHUE,
HA3BIBAIOTCA HEAOYIUIOTHEHHEIMH [2].

13.4 JIng nauGonee 9acTo BCTPEYAOIINXCSl BUIOB MPYHTOB, KaK OCHOBAHUMN VISt
TPAHCHOPTHBIX COOPY)KECHWHM, MOXKHO TPHUBECTH CIEAYIOIIYIO YIPOLICHHYIO CXEMY
cTaauii ux GOpPMUPOBAHUSL:

1) Wbl — HeYTUTOTHEHHBIE TPYHTHI (MOJIOJ0H 0Ca0K) HMEIOT MAILY10 ILIOTHOCTE U
XJIONBEBUIHYIO CTPYKTYPY, Onarojaps KOTOpoit MOTYT BBIIEPXKUBATh Harpy3ku 0e3
nedopmaimii  ckexera  (CTPYKTypHass MHpPOYHOCT  Perp), HMMEIOT  BI&KHOCTH,
TPEBBINIAIOINYIO BIaXKHOCTh Ha TpaHuLe Tekydectd WL u mokasarens Tekyuectd I >1 (k
9TOM TPyIIEe OTHOCATCS TJIHHWCTBIC TPYHTHI CKPBITOTEKY9eld KOHCHCTCHIHHM U
HONBJNEBbIE TJINHBI).

2) HopManbHOYIJIOTHEHHBIE MIMHUCTBIE TPYHTH — 00pa3yloTCs M3 WIOB B XOJ€
mpoliecca AWareHe3a CHadajga B TEKydeldl KOHCHUCTEHIMH W BIOKHOCTH OMM3KOM K
rpannne Tekydectn (IL<1), a 3aTeM B TCUCHHUE JUIMTEIILHOTO BPEMEHH IIOJBEPratoTCs
VIUTOTHSIOMIEMY BO3ICHCTBAIO OT COOCTBEHHOIO Beca M B X0A€ (MIBTPALUOHHON
KOHCOJUTAIMH TIEPEXOAT B IUTACTHYHOE, a 3aTeM U B TBepaoe coctosane (I,—0). Tox
BIUsHUEM (HaKTOPOB, ONUCAHHBIX B M. 13.2 MOryT HMETH Da3IMUHYIO CTENCHb

NEPCYIUIOTHCHHA.
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13.5 TlokasareneM, Ha OCHOBE KOTOPOIO OCYILECTBISETCS OTHCCEHHWE I'PYHTA K
OJHOH U3 TpeX pasHOBUIHOCTEH, sBsieTcs koddduuuent nepeymnoruerus OCR (over

consolidation ratio):

OCR =22, (5)

aly
TIie O’y - ObITOBBIE H((hEeKTUBHEE HAMpshKeHHU, Kl 1a,
Op - JABIICHAE TPEAYIUIOTHEHHNS (TIPEIICCTRYIONICE TABICHHE).

13.6 B 3aBucumMocTy oT BemumdauHbl k03hdumenta nepeymiotaernss OCR rpyHTHI
YCITOBHO Aemsres Ha [1]:

- HepoymnotHeHHsle (OCR<1);

- HopManeHoymIoTHeHHBIE (OCR= 1),

- nepeymnoTHeHHBIE (OCR>1).

Bei6op THIa rpyHTa IO CTENICHU NEPEYIIOTHEHUS ONpPEAENSeT AallbHelilee ero
IIOBEJICHUE TIPU HArPy3Ke OT TPAHCIIOPTHOTO COOPYKEHHSL.

13.7 KoMIUIEKCHBIE T€OMEXaHWYECKHE MOJEIH MpEAnonaralT o0s3aTenbHoe
HCIIOJIb30BAHUE B KAYECTBE HCXOAHBIX NAHHBIX OJWH H3 TApaMeTPOB HAYaIBHOTO
COCTOSIHHS IPYHTOBOIO MaccHBa:

- koo¢duuuent nepeymnotaenus OCR,;

- BenMuuMHy Mcropuyeckod Harpysku POP  (preoverburden pressure) -
IIpUpaIeHre JaBICHUS OT OBITOBOTO o', JI0 MaKCAMAIBEHOTO, ACHCTBYIOLIErO paHee
O-v,max = Up :

POP =g, — 0"y, (6)

Iie O, - JaBjIeHue IpenynnoTHenus, klla;

o', - 3dpdexTrBHOE OBITOBOE HATIPSHDKEHHE (0T COOCTBEHHOTO Beca), KIa.

13.8 B 3aBHCHMOCTH OT COCTOSHMs TIEPEYIUIOTHEHHUS B MOJENM TpPYyHTA
yunTEIBacTCS  KO3(@QUUMEHT OOKOBOrO  JaBNeHUs ML PasHBIX  COCTOSHHM
(HopMansHOyIUIOTHEHHOE - K[ m mepeymmorrennoe K" ). B MpPOCTEIX MOENsX,
HampuMmep, Mohr-Coulomb mapamerpoe OCR u POP Her. TlapameTpel Ha4aibHOTO

[IPUPOJHOTO COCTOSHUS MIPAIOT BAXKHYIO POJIb B MOBEJACHNM BHIOPAHHON MOAENH IPyHTa
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W BIIMAIOT KaK Ha Pe3yJbTaThl PacyETOB OCANKH (KOHCOJIMAALMH), TAK U HA Pe3yJIbTaThl
PpacyeToB YCTOMYUBOCTH.

13.9 JlapneHue nepeymioTHEHHS ONPEAETIAETCS. H3 KOMIIPECCUOHHBIX UCIBITAaHUIH
00pa3LoB TPyHTa HEHapyLICHHON CTPYKTYpbl TOJBLKO Juisi 00pa3sloB, WMMEHOIHX
Ka4eCTBO «xopouuity u «otauunslii» (pazaen 10) no 'OCT P 54477-2011 (mpunosxeHue
I’ wm mo T'OCT P 58326-2018. IlpeanodtuteNsHO ONpenesieHUE aBJICHUS
[peayNIOTHEHUS HONEBEIMH METOAAMH B TPYHTOBOM MACCHBE.

13.10 B pacuerHOil cxeMe mNapaMeTphl HAYaJbHOTO COCTOSHHS 33/1al0TCA
koo dumentom nepeymiotHenns OCR WM BEMHIHHOM UcTOpUdeckoro aasnenus POP
B 3aBHCHMOCTH OT XapaKTepa paclpelcieHus nepeymoTHeHUs no riyoune. B nepsom
clly4ae Ipu nocTossHHOM 3HaueHuu OCR paBiieHue NpeNyIUIOTHEHHUs YBEMYMBACTCS C
TITyOMHOM TI0 3aKOHY (PUCYHOK 3):

o, =0CR-d', @

BepTukanbHble 3pdHeKTUBHbIE HANPAKEHUA OCR

Fny6uHa
ny6una

\ 0w [ v
Pucynok 3 — I[Ipoduib HCTOPUUECKOTO TaBIEHHS WITH JABNCHUS NPEAYIUIOTCHHUS
(ceBa) 1 TpodIIE KO3hPHUIIEHTa IEPeYUIOTHEHHS (CpaBa) 1Mo TIyOHHE NPH

ucnoJibzoBanuu OCR

Bo BTopoMm cityuae 3amaHHas MOCTOSHHASA BeJMUMHA AaBieHus POP mpuBoOMT K

nepemenHoMy 3HadeHHuIo ko3 dunmenta OCR (pucyHok 4):

ocR=22+1 (8)

oy
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BepTuKanbHble 3bdeKTUBHbIE HaNPAXeHUs _ OER
\ > »>
\
\
\
g \ g
\
\
POP =g, — O"v\
’ \
\ v % \j

Pucynok 4 — [poduns napnenus npenymioTHeHus (cnepa) u npodmts ko3 duimrenTa
nepeymiotHeHuss OCR (crpaBa) mo riryOrHe MpH UCTONb30BAHMA BETHYHHBL
ucTOpHUeCcKoii Harpy3kun POP

13.11 TIpu HEBO3MOXKHOCTH HPOBECTHU MOJIEBHIE HCCIEAOBAHHS U MPU OTCYTCTBHU

B jaboparopun cTabunoMeTpoB ¢ kamepodt Tuna b npubmibkeHHo Kod(hdmmeHT

OGOKOBOr0 HaBliCHUS] B COCTOSIHMM TIOKOS MOKHO ONPENENHTH MO SMIHPHICCKAM
3aBUCUMOCTSIM, HampuMep, o gopmyne Jaky:

K§¥ = (1 - sing’) ©)

rae ¢ — 2(h(QEKTUBHEINA Yroa BHYTPEHHETO TPEHUS, OIPEIEIIEMbii 0 TPEXOCHBIM

WCTIBITAHUAM MO CXEME KOHCOJIMANPOBAHHO-IPEHUPOBAHHOTO WM KOHCOJMINPOBAHHO-

HEJIPEHUPOBAHHOIO CKATUsl 110 TOYKE, COOTBETCTBYIOLICH MOMEHTY pPaspyLICHHS MU

JocTikeHns 15% nedopmaumii (s cnabbIX TPYHTOB PEKOMEHIYETCS TIPUHUMATE Kak

OCTaTOYHYIO ITPOUHOCTB).

13.12 3aBucumocTe (9) HE YyuMTHIBACT UCTOPUIO HArpy>KeHHS TpyHTa B
TIPUPOJHBIX YCIIOBUAX, a TPUIOAHA JIMIIL Ui TPYHTOB B 0OJTAaCTH HOPMAJILHOTO
ymnotHeHus (HY) W oCHOBaHa TONBKO HAa CTPYKTYPHBIX OCOOEHHOCTSX. [ ydera
BIUSTHUA Ha KO(PGUIMEHT OOKOBOTO JABJICHHS MCTOPUUECKIX MPHPOTHEIX MPOLECCOB

PEKOMEHAYETCA UCIIOIb30BAHUC SMITMPUICCKAX 3aBACHMOCTEH:

KIY = KY+/OCR = (1 — sing’)VOCR (10)
K§¥ = (1 — sing)OCR*™?' an
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[Tpumep BLIGOpPa TapaMETPOB IPHPOJHOIO HAMPAXKEHHOTO COCTOSHYS TIPUBEICH B

npunoxenun I,

14 Tloka3aTe/u C:KHMAeMOCTH FPYHTOB

14.1 Onpenenenue mokasareyiei COKIMACMOCTH TPYHTOB MPOM3BOJUTCA B ABYX
BapUAHTAX:

1. B BHAE opoMeTpuyeckoro Moayis aedopmarun Eoeq (onoproro ang moaenu HS
WA COOTBETCTBYIOLIETO CPEAHUM HAMPSHKEHUSIM B ciioe Juist Moaei MC);

2. B BHUAe WHIAEKca kKommpeccrn Cc wiam Mo muImMpoBaHHOro koddhdunuenrta
KOMITPECCUH A,

14.2 CnaOble TPyHTBI, KakK MpPaBHIO, OTHOCATCS K CUILHOC)KUMAECMbIM U
Ade(opMalliOHHEIE ~ CBOWCTBA ~ PEKOMEHAYETCS  3a[aBaTh  JIOTapHOMUYECKHMH

nokazarensaMu  oxuMaemoctd Cc wm A¥ (ams KI'M  yduTEIBAOIUX  00BEMHOE

yrpourerne, Harmpumep, SS, SSC) mubo omopHBIM MoAylieM aedopmariu Egsg u

nokaszareneM creneHu m (s KI'M y4uThIBaroIux 00beMHOE H CABMIOBOE YIIPOYHEHHE,
nanpumep, MMC, HS). s mpocThix Mozesei, HCIONb3YIOMX TONBKO OJJHO 3HAYCHUE
Moxmyns aedopManpd, HEOOXOAMMO pa3elicHHE CJIos Ha HECKONBKO dacTell B
3aBHCHMOCTH OT [JEHCTBYIOIMX HANPsDKEHWH, 4YTo Oonee TPyHOEMKO M 4acTo
HelenecooopasHo.

143 AHamu3 pe3ynbTaToB KOMIIPECCHOHHBIX WCIBITAHWW TPOM3BOAUTCA B
MONMYJIOrapu()MHUYUECKOii  CHCTEME  KOOpAWHAT, MO3BOJSIOIIEH  OLEHHMBATH  BCE
HeoOXOMMbIE TapaMeTPhl Ha OTHOM rpaduke. B o0lueM BAJE MapaMeTphl, OTPaKaIOLIAC
TOBEICHHE TPYHTOB MPH HATPY)KCHAM H PA3rPy3Ke, HOJIYYaEMbIE IO pE3yjibTaTam
KOMIPECCHOHHBIX HCIBITAHKHM, TIOKa3aHbl HA PACYHKE 5. JI1 HOPMAIBHOYTIIOTHEHHBIX
(HY) u nepeymiorHerHsix (1Y) rpyHTOB JaBIEHHE NPEAYILIOTHEHUS Gy (MOXKET OBITH
Oonblle WM paBHO OBITOBOMY G’y) Pas[ENAcT KOMIIPDECCHOHHYIO KPHBYIO Ha [BE

oGnactu: yrnpyryo (ITY) u zedopmupyemyto (HY).
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PucyHOK 5 - pachuueckue pesynbTaTbl aHanM3a KOMNPECCUOHHOM KPUBOIA

14.4 [na aHanu3a pPeKoMeHAYeTCs WMCMonb30BaTb KOMMPECCUMOHHYIO KPUBYHO B
nonynorapumMmnyeckoii Wwkane B Buge:
1) 3aBMCMMOCTM KO3(h(MLUMEHTA MOPUCTOCTM OT AECATUYHOrO norapugma gaBneHus
(e-log(0)), Kak nokasaHo Ha pUcyHke 5;
2) 3aBMCMMOCTW OTHOCUTENbHOW AedopmaLym OT HaTypanbHOro forapugpma
fasneHus (s-In(o)).
B nepsom cnyyae norapuyMmyeckuii MHAEKC Komnpeccum Cc onpegenserca no
thopmyne:
r S P S — (\2)
c logO ~-logO ,) ~ 3
2. Norapugmnyecknini nHAekc pekomnpeccun Cs onpegensetcs aHanorvyHbIM

06pa3om Mo BETBU pasrpy3kit UK MOBTOPHOTO HArpy>XeHUS.
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Bo BropoM ciiyyae mapaMeTpsl MOTYT OBITH IOJIyUeHBI HEHOCPEICTBEHHO B BUJC
3HAYEHUIM MOANPUIIPOBAHHOTO KO GHUIMEHTa KOMIIPECCHH A* 1 MOM(DULITPOBAHHOTO
K03 dunreHTa peKOMIPEcCHH k¥ aHAIOTHYHBIM 00pa3oM MO KOMITPECCHOHHOM KPHBOH

B OCAX «OTHOCHTENbHAA nedopmauus € — HaTypajbHblii norapudm nasnenus In(c)»

(pucyHoK 6).
* Ag
" In(ay)-In(oy) 13
Lho, Lno; Lho
&
&
KF A*

EV

Pucynox 6 — KommpeccroHHas KpyBas B IPEACTABICHUH JUIS OJIyUEHHS TPHBEACHHBIX
napaMeTpoB A* u Kk*

B3aumHass 3aBHCHMOCTE TapaMeTpoB  JIOrapH()MIYECKOro  MPEACTABICHUS

KOMITPECCUOHHOM KPUBO# ompenensercs GpopMynamu:
Cc

A= 2,3 (1+eg) a4
w2y ,
T 2,3 (1+ep) (13)

14.5 Omomerpudeckuii Mozyms aehopmamn ELcf ompenensieTcss mpH OMOPHOM

JaBjIeHUH Pr.f 10 KOMIPECCHOHHOM KPUBOH Kak NOKa3aHO HA PUCYHKE 7.

35



OJIM 218.3.120-2020

P ref f[-——————————

€
PucyHnok 7 — Onpenenenue onopHoro MoayJis aeopmaunu

OnopHoe nasienue Pref coorBercTByeT OBITOBOMY S(B¢EKTHBHOMY HAMPSHKEHUIO
(IOIyCKaeTCs NPUHUMATE Ha TIyOWHE 3ajieranusi KPOBJIH CJI0S TIPH GOJIBIION MOIMHOCTH
M CepefuHe cros Inpu HeGonbimoid). OmopHOE pAaBiaeHUE AODKHO OBITH OonblIe
HCTOPUIECKOrO Pror > 0p.

14.6 I npocroii Mmonemu Mohr-Coulomb Moayne aedopmanuu HeoOXOAUMO
Ha3Ha4YaTh C Yy4YeTOM HANpPsOKEHHOTO COCTOSHUS IyTeM JeNiCHWs CIof OONBIION
MOIIHOCTH Ha HECKONbKO YacTelt. ITpy BEIIETEHNM PACHETHBIX CIOEB TOJIIH UCXOIAT H3
yCIOBUS, YTOOBI 3HAYEHMS OTHOCHTENIBHOHN nedopManmi Ae WM HanpspKeHWi Aa]fp B
Tpeaenax pacueTHOIO C1os He U3MEHsumCh Goee ueM Ha 10 %.

JUTsL OTIEHKH BO3MOKHOCTH MCTTONB30BaHMs IpocToii Moaemn Mohr-Coulomb unu
mepexofia Ha JIPyTHe MOJENH IPyHTa HPOU3BOAMTCS ONpPECIEHHEe MOMYIs AeopManin
B COOTBETCTBHH CO CXeMOIl Ha pucyHke 8. JIs 3Toro ompeaesieTcs: cpegaee OBITOBOE

v p
(MPUPOIHOE) HANPSKEHUE Opp

B CEPEIMHE PACUYCTHOTO CJIOS W OTKIAJBIBACTCS HA
KOMIIPECCHOHHON KPWBOW B OCAX JaBIICHHE-OTHOCHTENbHAs aedopmamums. J[lanee

omnpeesercs cpeaHee HANPsDKEHHE OT HACHITH a}fp B CEpeIWHE PAcYETHOTO CIOS M

TaKoKe OTKIAIBIBACTC HA KOMIIPECCHOHHON KPUBO# OT TOUKHM MPUPOAHOTO HAMPSHKEHUS
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(Trp. Mpy BO3MOXHOCTY OMUCAHMS MOAYYEHHOTO OTPe3Ka NPsIMOi NMHMER AOMyCKaeTcs
HasHaueHve Moayns Aedopmauumn Ans BCero pacyeTHOro Cos no opmyrne:

aq
Noeilh — @

PrcyHok 8 - OnpefieneHne nepeMeHHOro 3HaueHns Moayna geopmasmm
dp - HanpsXKeHMs OT HaCbIMW Ha KPOB/e COS; @' - HaMpPSHKEHMA OT HACbINW Ha NOAOLLBE
cnost; (Tp- GbITOBbIE HANPSXKEHWS HA KPOBAe CNos; a"p- GbITOBbIE HANPSXKEHNS Ha
nogowse cnos; (TP - cpefHee Hanpsi)XeHWe OT HacbInw; - cpeaHee GbITOBOE
(MpupogHoe) HanpsHKeHUe
Ecnn yyacTOK KOMMPECCMOHHOW KpUBOW onucaTb AMHEHOW 3aBUCMMOCTbIO
HeNb3s, HeoOXOAMMO pasfennTb CAOA Ha 4YacT WAW  WUCMOMb30BaTb MOJENN C

He/IMHeHOM 3aBMCMOCTBIO Aethopmannii oT HanpsbkeHuit (SS, SSC, MMC, HS u ap).

15 lMapameTpbl NPOYHOCTU TPYHTOB

151 MapameTpbl NPOYHOCTM A5t CNabbIX FPYHTOB AO/MKHbI MO3BOMATL OLEHMBATL
CTabunn3MpoBaHHOe ¥ HeCTabunn3vpoBaHHOE COCTOsSHWE. [Ns BbIMONHEHWUS PacyeToB
Heo6X0AMMO UMeTb fABa Habopa MPOYHOCTHbIX XapakKTepUCTUK, MNOy4vaeMbiX U3
NabopaTopHbIX WKW MOJEBLIX UCTIbITAHWUIA:

- 0N OLUEHKN HeCcTabunn3MpoBaHHOIO COCTOSIHWMS B BUAE HeApPeHVMPOBaHHOro
conpotusneHns cagury Cu wnu NapamMeTpoB npoyHoct CHa, <HY 13 npubopa
O[LHOM/IOCKOCTHOr O Cpesa;

- [NS OLEHKM CTabuNM3NPOBaHHOIO COCTOAHMUA B BUAE 3((eKTUBHbLIX NapaMeTpoB

npoyHocTh ¢’, i\
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15.2 OLeHKY HecTabuM3MPOBaHHOTO COCTOSHUSA PEKOMEHAYETCSA MPON3BOAUTD He
OCHOBE He[pEHNPOBAHHOr0 COMPOTUBNEHUS cABUry Cu, ANs 4ero cnegyet MOCTPOUTHL
npouab  WM3MEHeHMs  3TOW  XapakTepucTukn ¢ raybuHoil.  lMosefeHue
HOPManbHOYMI0THEHHbIX TPyHTOB (HY) XapakTepu3yeTcsi yBefIMYEHMEM MPOYHOCTU C
rny6uHoii (pucyHok 9 cnpasa). B Toxe BpeMsi HefOYNMOTHEHHbIE TPYHTbI, K KOTOPbIM
OTHOCATCS, Hampumep, WAbl, He MPOSBAAT MNPUPALLEHNS MPOYHOCTUM C TNYOUHON
(pcyHoK 9 cnesa). [ns npeaBapuTenbHOM OLEHKU HeLPeHWPOBaHHOE CONpPOTUBEHME

CABUTY MOXeT 6bITb MPUHATO No [3].

PucyHOK 9 - 3MeHEeHNsA NPOYHOCTY FPYHTOB C rNy6uHON

15.3 MonyyeHus Npotuas CoNpOTMB/EHUS CABWUTY MO TNy6GUHE OCYLLECTBAsSETCS
MyTeM MPUBSI3KWU, MOMYYEHHOW B MCMbITAHUSX BEAWUYMHBI K FNyGUHe (COOTBETCTBUE
[aBneHus B UCMbITaHUKM 6bIToBOMY). Ha pucyHke 10 nokasaH NpuUMep TPEXOCHbIX
HEKOHCOIMANPOBaHHO-HeAPEHMPOBaHHbIX (HH) MCMbITaHWiA, NO pe3ynbTaTam KOTOPbIX
MoNy4yaloT BENYMHY HEeAPEHVUPOBAHHOTO COMPOTMB/EHUS caBury Cu, M MpUHUMN

MOCTPOEHMA NPOGNAA CONPOTUBNEHNS CABUTY MO TNyBUHe.
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HefpeHnpoBaHHasa NPoYHOCTL

PucyHok 10 - MpuHLMN NOCTPOEHMS MPOQMAS CONPOTUBNEHMUS CABUTY MO FNy6uHe

[ns HopManbHOYNNOTHEHHbIX (HY) rpyHTOB, MMEKOLMX YBeNMYeHne NPoYHOCTH
¢ rny6uHoit (pucyHok 10) onpeaenstoT HOpPMaav3oBaHHyt (MO rAy6uHE) MPOYHOCTb
Cu/ g'v ¥ NpupaLleHne NPOYHOCTH C FNybuHoi ACK.

15.4 Ans nonyyeHns npoduna CONPOTUBAEHUS CABUTY MO Ty6UHE 1CNoMb3yoTes
BCE METOfibl, MO3BONAOLLMNE OLEHMBATb NPOYHOCTb CNabbiX rPYHTOB Kak B naboparopuu,
TakK U B MaccuBe: TPEXOCHbIE KOHCONNAMPOBAHHO-HepeHpoBaHHble (KH) ucnbiTaHms
(TonbKO ANa  Kpyra, COOTBETCTBYIOLErO ObITOBbIM HAMPSHKEHUAM); KpPblbyaTkKa,
Nbe30CTaTUYecKoe  30HAMPOBaHME C M3MepeHWeM Moposoro AasneHus (CPTw),
OT/ie/ibHble Pa3HOBUAHOCTW AUNATOMETPOB W Mp. MoCcTpoeHne Npoduns Heo6XoAMMO L/1A
OLIEHKM Ha4ya/lbHOro COCTOAHUA U KOHTPO/IA MPY aHanm3e B 3PMEKTUBHBIX HaMpPSKEHUAX.

155 [na nepexoga OT HELPEHMPOBAHHOIO  COMPOTWMB/IEHUS  CABUTY K
APEHUPOBAHHOW  NPOYHOCTM  [JOMYCKAeTCA  WCMO/b30BaHWE  3aBUCMMOCTU  MeXay
MPOYHOCTbIO B 3PPEKTUBHBIX U MOJHLIX HANPSHKeHMsAX [7]:

(0] sincpr
GV

rae (p' - yron BHYTPEHHEro TpeHus B 3EKTUBHBIX HAMPSHKEHNSIX, TPag,

17
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JInst npeiBapUTENBHBIX PacYeTOB JOMYCKAETCS MOJMyYeHHEe HOPMAIM30BaHHOM (110
ry6une) mpounoctu C,/c’, mo ¢opmyne CKeMNTOHA B 3aBHCHMMOCTH OT YHMCJA

INIACTHYHOCTH:

ZL = 0,11+ 0,0037 - Ip. (18)

v
rae Ip — uucno miactuaHocTH, %o.
Jns rpynroB, obnanaromux nepeymwiotaendeM (OCR>1) mcnoms3yercs apyras

3aBUCUMOCTD.
Cy] _ sin(en) m )
[mv]——z OCR™ , (19)

e @' — YroJl BHYTPEHHETrO TPeHust B (PPEKTUBHBIX HANPSIKEHHSIX, [P,
OCR — k03 hUIHEHT EPEYTUIOTHEHHNS;

m — CTETICHHOMN MapaMeTp, OnpeAeiseMblii o gopmyne:

_ Cc=GCs
===, (20)

rae Ce — uHAeKe KoMnpeccHu; Cs — MHAEKC PEKOMITPECCHH.

JlomyckaeTcst HCTIONB30BAHAC IPYTHX 3aBUCHMOCTEH TS TIOJTYYeHHS OCTATOYHOTO
yIja BHYTPEHHETO TPEHUS (COOTBETCTBYET OONBIIMM CABUTOBBIM AedopMalusm,
XapaKTEPHBIM AJIsl CA0bIX MPYHTOB) B 3((MEKTUBHBIX HAMPSHKECHUSX

- 3aBUCUMOCTH OT YHCJIA INTACTUYHOCTH .

46,6
Q= 048 21
p

- 3aBHCHMOCTE OT BIIQXKHOCTH Ha T'PAHMIIE TEKyUIECTH:
¢ _ 4531

¢r = ows (22
TonyuerHoe 3HaweHMe AQGHEKTUBHOTO (APEHMPOBAHHOIO) yITa BHYTPEHHETO
TpeHus @  (@’;) cieayeT MCIOIb30BaTh B pacdueTax IHpH HyJleBOoM 3¢deKTHBHOM
cueruieHnd ¢’=0 B mozensx SS m SSC ¢ yHHMBEpPCAIBHBIM THUIIOM TIOBEICHHS IO

YCIIOBHAM OPEHUPOBAHU.
AHanu3 pe3yNbTaTOB TPEXOCHBIX KOHCOJIMAMPOBAHHO-ApPeHUpOBaHHBIX (K]I)

WUCTTBITAHMI PEKOMEHAYETCA MPOU3BOAUTEL B KOOpAWHATAX HHBAPUAHT Hanp;mcepmﬁ:
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- BEPTUKa/IbHas OCb - [EBUATOP HaMpsHXKeHWUNA g
q= (ff'i -<r*3) (23)

- TOPU3OHTANIbHAA OCb - CPEefHee HanpskeHue p

A 3 (24)

B rpagmueckoii popme pe3ynbTaTbl UCMbITAHWUIA NPEeLCTaBNAT B Buae rpatuka p-

g (pucyHok 11).

PucyHok 11 - MNpeAcTaBieHre TPEXOCHbIX UCTIbITaHUIA B MPOCTPAHCTBE P-(

Takoii noaxod nNO3BOMsSET fenaTb CTaTUCTUYECKYD 06paboTKy TPEXOCHbIX
UCNbITaHUIA NPY ONpefeNeHMn MPOYHOCTHBIX XapakKTepucTuk. MapameTpbl NpeAenbHoN
NMHUM B NPOCTPaHCTBE p-g oOnpegenstoTcs BeanumHamm M un c*. [lony4veHue

3ah(heKTUBHbIX NapamMmeTpPOB MPOYHOCTW Ans ycnoBus KynoHa-Mopa ocylecTBaseTcs no

3aBUCMMOCTAM:
. . 3-M
p = arcsin-——, (25)
(/:1 c 3 -Sincpr 2
—C TN (26)

roe M - TaHreHc yrna HakaoHa NpeaenbHOM MMHUKM Ha rpaduke p-q (pUucyHok 11);
C* - OTPe30K, OTCEKaeMblii NpesesibHON NMHWEN Ha OCK OpAvHaT.
B KauecTBe TOYKM paspyLUeHUs crnefyeT MPUHUMATb MOMEHT [OCTUXEHMS B

ucnbITaHMK 15% aedopmayum (0cTaTouHas MPOYHOCTb).
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Mpn onpegeneHUy NPOYHOCTY CrefyeT pasfensTb KpPyru, pacrofioXeHHble fieBee
JaBneHns npegynnoTHeHus (o6nactb MY) n kpyru npasee (o6nacte HY). [ns Kaxgoi

061acTi HeOOGXOAMMO OMpPeAensTb CBOE NOMOXKEHNE NPefe/bHON MHUN.

16 Banugaums mogenei
[na yncneHHoro MoOLenMpoBaHWA NOC/Me OnpefesieHns BXOAHbIX MapaMeTpoB
Mofenn HeobXoAMMO MPOBECTU WX BaIUfauMi0 MyTeM MPOBEAEHWS BUPTYasbHbIX
NabopaTopHbIX UCMbITAHWIA MOAENER N COMOCTaBEHNA Pe3ynbTaToB C flabopaToOpPHbIMU
ncnbiTaHuaMu. Mpouefypa BKNOYAET CefyroLLyto Nocnef0BaTe/IbHOCTb 4eACTBUIA:
1 AHanu3 nabopaTopHbIX UCMbITaHWUIA TPYHTa U NOMyYeHne NapamMeTpoB MOLENV;
2. MNpoBefeHne  BUPTYalbHbIX  1ab6OPaTOPHbIX  WUCMbITAHUA,  UMUTUPYHOLLMX
UCMbITaHWS, BbINOMHEHHbIE B FPYHTOBOI nabopaTopuu;
3. ConocTaBneHve NabopaToOpHOI 3aBUCHMOCTM W 3aBUCKMOCTU, COOTBETCTBYIOLLEN
maTemMaTM4ecKoin mogenu.
4. KoppekTMpoBKa napaMeTpoB MoOZenn And [OCTWXEHWs 61AM3KOro Xapakrepa
06enx KpuBbIX.
Ha pwucyHke 12 nokasaH npumep Baavjaumy mMogenn SS N0 AaHHBLIM
KOMMPECCMOHHbIX MUCMbITaHWA ¢ pa3rpy3koit. Mpu BanugaLum Heo6Xo4UMO YUMThIBaTb

NCTOPUYECKOE AaBnieHne (AaBneHne NpeaynaoTHeHNs ap).

Nasnenne Log (a)
o 05 1 15 2 25 3

PucyHok 12 - Bepudmkauus Moaenu no AaHHbIM KOMMAPECCMOHHbIX UCMbITaHWiA
42



OJIM 218.3.120-2020

17 Ilpoueaypa BaIuaauuu pacuyeTHOH CXeMBbI

[Tpoueaypa BBINONHAETCS TONBKO ITIPH HCHOJB30BAHWN YHHBEPCATHHOIO THIIA
nosenenust (Undrained A). [yt OlleHKM KOPPEKTHOCTH PACUETHOU CXEeMbl HEOOXOIUMO
BBHITIONTHATH €€ BATHAALMIO, T.€. MPOBEPKY T'eHEPUPYEMOI pacueTHO! HeAPCHUPOBAHHOIM
IIPOYHOCTU. B Ka4yecTBE 3TAIOHA NPUHKUMAETCS CONPOTHBICHUE CIBUTY, MONYIEHHOE B
Buae npodunas  HeapeHupoBaHHOH — mpounocth  Cu  mo  miyOmHE U
HEeCTaOMIM3UPOBAHHOTO  COCTOsIHMA.  [locTpoeHHe  Hpoduilsi  BHIONHACTCS B
COOTBETCTBUM C PEKOMEHIALMSIMH pazfena 15,

IIponenypa NpoOBEPKH BINOIHAETCA B CIEAYIOLLEH OCIEA0BATENBHOCTH:

1. Co3paeTcs oTAENBHAs pacyeTHas CXeMa B BHIE BEIPE3AHHOTO IO OCH HACHIMH
CTOJIOUKA IPYHTOB, BKJIKOYAIOLIETO HACKHIIb X IPYHTOBOE OCHOBAHHE,

2. Bce TpyHTHI, KpOME IIPOBEPSEMOrO 3aJAl0TCsA IPH IIOMOIIM JTHHEHHO-YIpYyToit
MOJIETH € YAEIbHBIM BecoM 0€3 y4eTa HapaMeTPOB IMPOYHOCTH.

3. TIpoBepsemslii cnoif 3agaeTcs BHIOPAHHON KOMIUICKCHOH TIeOMEXaHWYECKOH
MOJIETBIO TPYHTA ¢ VHUBEPCATBEHBIM THTIOM MOBEACHUS. MOJIENTh JOIDKHA TTPOHTH
IPOLEYPY BaIUAAKK COITIacHO paszaeny 16.

4. TlpomsBomurcst pacueT HyneBoif ¢asel (Initial) Tpu OTKITIOUEHHBIX KiacTepax
TPYHTa HACHIITH.

5. Ha cnenyromeit cTaguu NpOM3BOAUTCS AKTHBAIHS KIACTEPOB HACBHIMA C THIIOM
pacuera HJIC (Plastic), oOecneunBaromuM YCIOBHO MTHOBEHHOE MPHIIOJKCHUE
Harpy3kd  (COOTBETCTBHE  HEKOHCONMIUPOBAHHO-HEAPEHUPOBAHHOM  cXeMme
MCTIBITAHHHN B TPEXOCHOM pUOOpe).

6. Tlo pesynpTaTaM pacyeTa CTPOMTCS OIIOpAa BEIWUYMHB MOOMJIM30BaHHOM
HNPOYHOCTH (Tmeb, pazden 20.3) mo rayOMHe, KOTOpas SBISETCS pacyemHbviMm
COTIPOTHBIICHUEM CIBUTY MOJEIH.

7. Ilpou3BOAMITCS  CONOCTABICHHUE  U3MEPEHHO20  CONPOTHBICHUS  CABHTY
(HEKOHCOMMANPOBAaHHO-HeApeHUpoBaHHble (HH) MWIM — KOHCOMMIUPOBAHHO-
apenupoBaHHele (KH) TpexocHble HCHBITaHWS, KpPBUIbYATKA, CTATHYECKOE

30HJMPOBAHAE C M3MEPEHWEM MOPOBOTO MABJIEHHS H Jp.) W PacIeTHOTO
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COMPOTUBJICHHUA CIABUTY 10 pesynsTaraM MOACITUPOBAHUA (BCJ'II/I‘II/IHa

MOOMIIN30BaHHOH HPOYHOCTH Tmeh). PACUETHOE CONPOTHBIICHWE CJBUTY HE

JIOJKHO IIPEBHIIATh H3MEPEHHOE (PUCYHOK 13).

——  /I3MepeHHOEe CONPOTUB/IEHME CABUTY
HacbInb
—.—.  PacyeTHoe conpoTuBaEHUE CABUTY
nra 1
— T T T >
!
nra 2 \
(cnabbiit \
cnoin) \
\
nra 3

\/
Pucyrok 13 — TIpuniun sanuianuy pacueTHOR CXEMBI
18 O6mmne noJi0:KeHus MOACTHPOBAHMS

18.1 Ha3HaueHue rpaHdyHbIX YCJIOBUH IJIsI PACUETHON CXEMBI BBIMOJHSAETCS B

COOTBETCTBHH € OOIIMMU PEKOMEHAAIUSAMYU PUCYHKa 14.

B >3B

Ot B oo 5H

Pucynok 14 — PexoMeHayeMble pa3Mepsl paCIETHOR CXEMBL
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I'panuibl pacyeTHOH CXEMBI HE NOJDKHBI OKa3bIBaTh BIUSHUS HA PE3yNbTaThl
pacueToB yCTOMUMBOCTH, W JAO/KHBI OBITH OOOCHOBAHBI [JIsl BBLIOJHEHHUSI PacueTOB
ocanku (cxkuMaemas Tonwa). Ecnu obmactu miactmdeckux aedopMmanuii TOCTHTaloT
TPaHULl CXEMBI, €¢ HEOOXOMMMO pacIIMpUTh. HIHKHIOI TpaHHUIy PacueTHOM CXEMBI
JIOMYCKAETCsl IPUHUMATh HE MEHEE MOJIOBHHBI IIMPUHEI HACHITH OHU3Y.

18.2 PacueTsl MOTYT OBITh BHINOIHEHE! B CICAYIONIMX BapUAHTaX:

- OQHOCTAAUIHbIE, BLINONHAIOTCS B IIOJHEIX HAMPSHDKEHUSX C HEIPEHUPOBAHHOM
IIPOYHOCTHIO B KAUECTBE XAaPAKTEPUCTUKUA OCHOBAHUS M NIO3BOJLIIOT OLCHUBATH TOJIBKO
HauanbHOE  (HECTaOWIIM3UPOBAHHOE) COCTOSHHE (PEKOMEHAYETCs — HCHOJIb30BaTh
HeJpeHupoBaHHbIi Tun noseaenus Undrained B wnu C),

- MHOTrOCTaAUiHbIC, TO3BOJAIOT IPOM3BOIUTE OLECHKY BIMSHHS YIPOYHECHUS
TpyHTa B IPOLECCE KOHCOIMAALMU BO BpeMs M IOCIE OTCHIIKH 3EMIIIHOIO IIOJNOTHA,
PEKOMEHJIYETCS  HMCIOJb30BAHUE YHHUBCPCAIBHOTO THNA MOBEACHHS IO  YCJIOBHAM
nmpenupoBanust (Undrained A) u ek THBHEIX mapaMeTpoB NPOYHOCTH ¢ 00A3aTENbHOM
BaJMJauuel COTMPOTHBRICHHS CABUTY B HECTAOMIM3MPOBAHHOM COCTOSHMM (pazzen 16,
17). OueHka TpPOM3BOAWTCA KAaK IS HECTAOWIM3MPOBAHHOTO, TaK W A
CTaOMITN3UPOBAHHOTO COCTOSHUAL.

18.3 JInsl BHIMIOJTHEHUS] PACUETOB YCTOWYIHBOCTH U CTAOMIIBHOCTH PEKOMEHAYETCS
MPUMEHEHHE IBYX BUAOB aHANM3A:

- B TIOJIHBIX HANPAXKCHUSAX,

- B 9 (PEeKTHBHBIX HANPSHKCHUSAX.

AHanM3 B MOJIHBIX HANPSKEHHSIX TPEIONaracT MCHOJIb30BaHHE MPOYHOCTHOM
XapaKTePUCTUKH TPYHTA — HEAPEHUPOBaHHON mpo4yHOCTH Cu, KOTOPYIO MOIYYArT 110
pe3ynbTaTaM TPEXOCHBIX MCIEITaHUH IT0 KOHCOJIMAUPOBaHHO-HeApeHnpoBanHoi (KH) u
HEKOHCONUAUPOBAaHHO-HeipenupoBanHoii (HH) cxemaM, a Takxke MOJICBBIMH METOJAMU
(KpBUIBYATKA, CTAaTHYECKOS 30HIUPOBAHME C H3MEPECHHEM IIOPOBOIO  JABJICHHS,
junatomeTp). Pacuetsl  mpomsBoasTcs  0e3  ydeta M3MEHEHHS. [POYHOCTHBIX
XapaKTEPUCTUK B MPOLECCE OTCHINKH, YTO COOTBETCTBYET OBICTPOMY TEMITY OTCBHIMKH U
HI3KOH BogonpoHumaeMocth (K¢<0,0001 M/C) TIMHUCTBIX TPYHTOB. AHAIM3 B HOIHBIX

HANPSDKCHUAX NPUMEHSETCS P 0JHOCTaAUIHOH cXeMe pacdera.
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Anamm3 B 3¢ddekTHBHBIX HanpsbkeHHsx ocHoBaH Ha Teopun K. Tepuaru,
COITIACHO KOTOPOM COMPOTHBJICHWE CABUTY IPHU MOCTOSHHBIX NapaMeTpax MPOYHOCTH
3aBUCTHU OT nopoBoro paenenus U o gopmye:
T = (0, — U)tge’ + ¢, 27)
TIi€ 0, — HOPMaJIbHBIE TIOJTHBIE HATPsDKEHNs, KI1a;
U — noposoe nasnenue, kl1a;
@' - 30 deKTUBHbIN (IPSHHPOBAHHEIN) YTOJl BHYTPEHHETO TPESHHUS, TPa;

¢’ - abdexrBHOE cuemenue, kl1a.
Anamm3 B 3((eKTUBHBIX HAMNPSOKEHUSX MPHMEHAETCS [P MHOTOCTANHIHON

cXeMe pacyera.

O(¢eKTuBHBIE MapaMeTphl MPOYHOCTH MOMYYAlOT TO Pe3ysIbTaTaM TPEXOCHBIX
KOHCOJIHAMPOBaHHO-ApeHupoBaHABIX (K1) MM KOHCOIMANPOBAHHO-HEAPEHUPOBAHHBIX
(KH) ucnelTanuii, 5Td mapamMeTpbl COOTBETCTBYIOT CTAOWIM3HPOBAHHOMY COCTOSIHHMIO.
AHanmm3 ycTOMIMBOCTH B 3G (EKTHBHEIX MapaMerpax HeoOXOAUMO MPOBEPATH AHAIHU30M
B TONHBIX HAIPHKEHMSX, KOTOPBLA HCIONB3YeT B KAdECTBE BXOAHBIX IapaMETphI
HeCTaOMIM3NPOBAHHOTO COCTOSHILL.

18.4 Ananmu3z B 5(QQEKTUBHBIX HANPSHKCHUAX MO3BOJIAET OLIEHHBATh [Ba
COCTOSHMS: HeCTaOMIM3UPOBAHHOE (0 KOHCOJMIAIINK) U CTAOMIM3MpPOBAHHOE (TIOCTe
KoHcONuzanuu). [IpyHUMI OLEHKM ABYX COCTOSHMM 3aK/II04aeTCsl B HCIOIb30BAHHU
teopun K. Tepuaru B Buje GopMyJIsl:

c=0'+U, 28)
€ G — MOJIHBIC HANPSDKEHIIS,
6’ — 3((eKTUBHEIC HAIPHKEHUS,
U — nopoBoe naBieHUe.

TlopoBoe mnaBneHne MoXeT OBITE B BHIAE u36bimoyHo20 (BO3HHUKAET MIpU
HArpyXKE€HUU) WIK B BUIAE euopocmamuyeckoeo (ONPENENseTCs YPOBHEM TIPYHTOBBIX
BoJ). Bemanna U mpenmonaraeT CyMMapHOE MOPOBOE JABJICHHE: IMAPOCTATHYECCKOE H
n30bITOUHOE. J[0 OTCHIIIKH HACKHIMTH TPH HAITMYNH YPOBHS IPYHTOBBIX BOZ MPUCYTCTBYET
TMJPOCTATUYECKOE JABJICHUE, B MIPOLIECCE OTCHIIKM BO3HUKAET M30OLITOYHOE, BO BpEMs

KOHCOIMJALMHA H30BITOYHOE paccenBacTCda, a TIOCJIC 3aBCPIICHHUS KOHCOJIUAALIAN
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OCTaéTcs TONMbKO FMAPOCTATUYECKOE MOPOBOE [AaBreHue. Hampumep, B NporpaMMHOM

komnnekce PLAXIS nopoBoe AaB/eHne OnucbiBaeTcst hopMysoii:

Pactive ~ Psteady Pexcess> (29)
roe Pactive- nonHoe nMopoBoe AaBrneHve (aKTWBHOE B 3aBMUCKHMOCTU OT YC/OBUIA),
KMa;
Psteady “rugpocTtaTuyeckoe noposoe fasrneHue, KMa;
Pexcess “M36bITOYHOE MOPOBOE faBfeHue, Kla.

MpuHUMN MCMonb3oBaHNa  3WHEKTUBHOM NPOYHOCTN AN OLEHKM
HeCTabunM3MPOBaHHOIO COCTOSIHWA 3aK/vaeTcs B cregyowem. Ha pucyHke 15
MOKa3aHO HecTabuIN3MPOBaHHOE HanpPsXKeHHOe COCTOsHWE, OnpefensemMoe Kpyramu
Mopa B nofiHbIX HanpsxeHusx o\ 1 a3 ConpoTusnexune casury (Cu) wan paguyc Kpyra
Mopa B MOMHbIX HANPSHKEHWUAX [AN1F HEAPEHUPOBAHHbIX YCNOBUW He 3aBUCUT OT
BE/IMYUHBI Harpysku. Ecnu n3BecTHO M30bLITOYHOE MOPOBOE [aB/EHWE, TO KPYr MOXET
ObITb CMeLleH U MepecTpoeH B 3((EKTUBHLIX HanpsxeHuax (a’i m 0’3, a 3anac
MPOYHOCTY (UM ero OTCYTCTBME, Kak Ha pucyHke 15, rae Kpyr KacaeTcs npegenbHoi
NHUK) MOXET ObITb onpefenieH B 3M(PEKTUBHBIX HAMPHKEHNAX OTHOCUTE/NBHO 3afaHHO

3thcheKTMBHOI MPOYHOCTY €’ 1 OO

PucyHOK 15 - MPUHLMN OLEHKN HECTabUIN3NPOBAHHOTO COCTOSIHUS B 3((EKTUBHbIX
HanpPsHKEHNUAX

185 OC06eHHOCTb Fe0TEXHUYECKMX MPOrpamMM, paboTaloLMx Ha OCHOBE MeTo.a

KOHEYHbIX 3/1EMEHTOB C KOMIM/IEKCHbIMU FreoMexaHuyeckumm mMogensmu (KFM) rpyHTos,
a7
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3aKIIOYacTCsl B JOTIONMHEHWH Bo3MokHOocTe KI'M eme OByMs HE3aBHCHMBIMHA
KOMIIOHEHTAMH pacyueTa: THIOM T[OBEIEHUS MOJENEH IO YCIOBHAM [PEHUPOBAHUS
(IpeHnpoBaHHOE, HENPEHUPOBAHHOE HJIM YHUBEPCAITBHOE) M THUIIOM pacueToB. IIpu sToMm,
KoppektHoe coueTanue KI'M, Tuma mnoBeAeHWS W THIIA pacdera O00ecHednBacT
re0TEXHUKA ITMPOKAMH BO3MOKHOCTSAMH aHAITH3A.

OCHOBHBIE THIBl PAacyETOB, MCMOJNb3YEMbIE Ul PEILEHHS 3a1ad B CTaTHYECKOU
TIOCTAHOBKE:!

- Pacu&T IPUPOAHOTO HAMPsLKEHHOTO cocTostHms (Initial phase);

- pacuéT HanpspKeHHO-AeopMupoBaHHOro coctosiHus (Plastic),

- pacuét korcoymmamun (Consolidation),

- pacuét ycroituuBocTH (Safety).

19 Tuns! noBejeHus: MojeJIeH M0 yCJIOBUSM JIPEHUPOBAHHUA
19.1 Jnsi BO3MOKHOCTH BBITIOJIHEHUS! OIICHKH TOBEIECHMS HAchined Ha CialbIx
IPYHTaX HPOrpaMMbl YHMCIICHHOIO MOJEIUPOBAHUS JOJDKHBI MMETh HECKOJIBKO THIIOB
TIOBE/IEHUsI MOJENEH 110 YCIOBHAM JPCHUPOBAaHHA. PEKOMEHIYIOTCS K MCIOJB30BAHUIO
MPOTpaMMbl, HMMEIOIIME KPOME APCHHPOBAHHOTO ¥ HEAPCHHPOBAHHOTO  THIA
YHUBEPCATBHBIN THIT TIOBEACHMS, YTO TIO3BOJISIET MTPOU3BOMTH aHAJTM3 KaK B TIOJHEBIX, TaK
1 B 3(p(heKTHBHBIX HAMPSHKCHHUSX M OCYIICCTBISTH B3AMMHBIH KOHTPOIIb PE3YJIHTATOB.
19.2 B o0weM BHJiE MOXKHO BBIACIUTH CICAYIOLIME THIbI MOBEJCHUsI MojeJeii
N0 YC06U10 OPEHUPOGARUA Vi X YCTAHOBHUBIIHMECS B IIPAKTHKE IPUMECHEHNS HA3BaHU:
1. JpennpoBanubiii Tun noseneHus (Drained) mpenmonaraer MCHONB30BaHUE MO
yMOTIaHUIO YQPEKTUBHBIX XapaKTEPUCTHK MPOUYHOCTH U JKECTKOCTH, OJTHAKO TIPH
HEOOXOIMMOCTH JIOIYCKAeTCsl 3aJaHHE IPOYHOCTH B IOJNHBIX HANPKCHHSX B
BUJIE Cyw U (P B 3aBUCUMOCTH OT BJIQXKHOCTH W. B 3TOM ciyuae ApeHMpOBAHHBIN
THII TIOBEICHUS IOAPAa3yMEBAcT IOCTOSHCTBO 3THX IapaMeTpOB B MpOLECCE
KOHCOJNMJAMK,  YTO  MPUBOAMT K  3aHWKEHHIO  OPOYHOCTH IS
CTaOMIN3UPOBAHHOIO  COCTOSIHMA  (LIOCTIe  3aBEpIICHHS  (HIBTPAIMOHHON

KOHCOJ'H/II[aL[I/II/I) €CJIM PACYCT KOHCOJIMAANHU BEIOJIHACTCA.
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2. HegpennpoBanubiii Tn noseaeHus (Undrained B wnm Undrained C) mns
aHamM3a B TOJHBIX  HANPSHKCHHMAX ~— OPEANoNaracT  MCIOJIb30BaHHE
HEIPEHUPOBAHHOTO CONPOTHBIICHUS CABUTY C BO3MOKHOCTBIO YIPOUHEHHS TIO
rryOnae, HO 0€3 M3MEHEHHWs BO BPEMEHH (B MPOIECCE KOHCONWAAINM), T.C.
TOJIBKO JUISl OLIEHKH HECTAOMIM3NPOBAHHOTO COCTOSIHHSL.

3. YuuBepcaabHblii Tun noeAeHus (Undrained A) jng anammza B 3 (PEKTHBHBIX
HANPSOKCHUSX € HCMOJB30BaHUEM S((QEKTHBHBIX MApaMETPOB MPOYHOCTH H
JKECTKOCTH, OOECIEeUHMBAIOIMIA OLEHKY KaK HECTaOWJIM3HPOBAHHOTO COCTOSIHUSL,
TaK U CTAOMIM3MPOBAHHOTO C OLEHKOH MPOYHOCTH B JIOOOW MOMEHT IpoLecca
KOHCOJIMJJALMK. DTOT THI TMOBEACHUS TPeOyeT BaIWJALMM PACYECTHOW CXEMBI 10
npouHocTH (pasaen 16).

B Tabmume 4 mpeacTaBieHBl BXOAHBIE TapaMeTpel AN TPEX THIIOB
HEIPEHUPOBAHHOIO TOBEICHHUS, MCIOJIb3yEMBIX B Hauboliee pacrpoCTPaHEHHBIX
TEOTEXHUYECKNX KOMILIEKCax [6].

Tabmuua 4 — Tunel HoBeACHUS MOJIETIEH 110 YCIIOBUSIM JIPEHUPOBAHMS

Tun noBeneHus BxoaHble JaHHbIE IIpumeHeHne
I dexTuBHBIEC 3HAUEHNS TApPaMeTPOB
o A I[,]Iﬂ yeTa U3SMCHCHHUA
‘YHuBepcajbHbIit npouHocty: ¢, ¢, y’ Y
(Undrained A) 300 o 0a S MPOYHOCTH BO BPEMEHH
CKTHBHBIC 3HAYUCHUSA I1 M B
, ’p e1p (xoHCONMMOALIHs)
skecTtkocTd: B, v
3HaueHNs MapaMeTpOB IIPOYHOCTH B ITOJHBIX
HeapenuposaHHbIii HanpsoKkeHusx cu, =0, y=0
(Undrained B) O dexTHBHBIE 3HAUEHUS TAPaMETPOB
skectkoctu: B’ v Ao onerxu
HecTaOHIN3UPOBAHHOTO
ITonHble 3HaUEHHUS TapaMeTPOB IIPOYHOCTHU: CU,
. COCTOSTHUS
HenpenuposaHHbIi $=0, y=0
(Undrained C) TMosHBIE 3HAYEHNsI TAPAMETPOB KecTKocTH: Eu,
vu=0.495
IIpumeyanue:

1) E’— Openupoeannuiii MOOynb, KOMOPbIil MONCEM NPUHUMAMb SHAYEHUS MOOYAS Oeqpopmayuu u3
xomnpeccuonnvix ucnsimantii E'=Focq; i uz mpexocuwix ucnvimanuti E’=Esy (npu 6oxosom
oaeienul, COOmeemcmeywuM 21youne omoopa,).

2) Eu — nedpenuposannuiii MOOYb, OnpedeieHue KOMOpozo HPOU3600UMCs npu OmMcymcmeuu
Openuposanus, 1bo npunumaemes Fu=1,3E".

3) Heodpenupoeannwiii mun nogedenus Undrained B paccuumviéaem HeOpenupo8annuiii MOOyb
Oeopmayuu Eu 3a cuem onpedenenus u30uimoyH020 nopo602o 0A61eHUs.
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20 PacyéT HAYAILHOTO HATIPSZKEHHOT'O COCTOS HHUS,

20.1 DOrta cramws pacyeToOB SIBJSIETCS KITFOUEBOM OCOOCHHOCTBIO YHMCIICHHOIO
MOJICTTUPOBAHMS, TOCKOJIBKY OHA OIPEENAECT OTIPABHBIE MAPAMETPBI U JATBHEHILIETO
pacuera. OcHOBHAs KpaTkas nHpopMarms 00 3Toi cTaguy MOJCINPOBAHUS MPUBEACHA B
Tabnure 5.

Tabnmuua 5 — Pacuer HavyanbHOTO HampsbkeHHOTOo cocTostHus (Initial phase)

PesyabTar OcobGeHHocTH
Pacnpenenenue  HanpsokeHud 1o | ['opusoHTanbHAs MOBEPXHOCTH penbeda,
3amanHoMy 3nagenmo K3'¢ CyOrOpH30HTANIBHBIE CJIOU H YPOBEHb IPYHTOBBIX
BOJ
Pacripenenicire  HampsokeHW B | Heropm3oHTambHasE —~ MOBEPXHOCTE  pelibeda,
3aBUCAMOCTH 0T  Kod(duuuenTa | Hamuyue CYLIECTBYHOLIMX HACHIMEH,
ITyacconav BO3BBILICHHOCTEH, 1aMO W Mp. HAKJIOHHBIE CJIOM
(gravity loading) TPYHTa, JHMH3H, HETOPHU30HTANBHELII YPOBEHb
TPYHTOBBIX BOJ.
He yunteiBactcs OCR u POP (pekomenayercs
3amaTh HarpysKoi AN U3MCHEHUEM
kodhpuuuenta Beca (EMucight))-

20.2 Pe3ynpTaroM pacueTa HadalbHOTO HAIPSHKEHHOTO COCTOSHUS SBISETCS MOJE
HaNMpsKEHKH (rIaBHOE MAKCUMAJIbHOE G1 M TIIABHOE MUHMMAIIBHOE O3, BEPTHKANLHOE Gyy
U TOPH30HTAILHOE Oy), A¢QOpMAllii B 3TOM CIy4ae COOTBETCTBYIOT HCTOPUYECKHM,
yKe PEATU30BaHHbIM, TIO3TOMY B Ja/lbHEHIIEM pacyeTe, Kak IIPABUII0, HE yIMTHIBAIOTCS,
Ha pucynke 16 MOKa3aHBl OCH ODJUIMIICOB TIaBHBIX HANpsOKeHWH (61 W o3). g
HOPMAJIBHOYILIOTHEHHOIO ~ COCTOSHUS  BEPTWKATBHEIE — HANPKEHHS — TPEBEIMAIOT

TOPU30HTANBHEIE G1>C3, UTO COOTBETCTBYET KO3 (hummenty Gokororo nasnenus Ko<1.
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PucyHok 16 - Pe3ynbTart pacyeta HayalbHOro HanpsiXeHHoro CoOCToAHMA

20.3 B xoge pacyeTa onpefensietcs rnaBHOe MakKCUMasbHOE HanpshkeHune gi u
yepe3 Ko3athhMuMeHT 60KOBOro AasfieHUs Ko rnaBHoe MUHMMabHOE a3. [MofyyeHHoe
TakuMm 06pa3oMm MO6GUNM30BaHHOE HaMpPSHXKEHHOE COCTOSHUA B KaX[ol Touke
0603HavyaeTcs Kak MOOUNM30BaHHOE COMPOTMBMIEHWE CABUTY T [10CKONbKY
MPOYHOCTHbIE XapaKTEPUCTUKM SBAAKOTCA BXOAHbIMU MapameTpamu, TO ANS Kaxnoin
TOYKU BO3MOXKHO OMnpejeneHvie CTeNeHn 3anaca o HapyLleHNs yCnoBuMs NpoYHocTu. Ans
3TOr0  MpOrpaMmmon onpefenseTcid MaKCMManbHOe COMPOTWB/IEHWE CABWTY  TTax,
COOTBETCTBYHOLLEE paclUMpeHUI0  MO6WIM30BaHHOrO Kpyra Mopa [0  KacaHus

npeaensHoli orubaroLleid, 3agaHHolt ycnosueM npouHoctu KynoHa-Mopa (prcyHok 17).

PucyHok 17 - Cxema K onpegefieHuto 3arnaca NpoYyHOCTN B TOUKE
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3amac TIPOYHOCTH OIICHUBACTCA OTHOCUTEIBHOMU TIPOYHOCTEIO:

Trel = Zmob (30)

Wi o6patHoii 3aBHCUMOCTEIO B BUE KOAQDUITMEHTA CTaOMIBHOCTH:

Keras = = = Ima (31

Trel Tmob
Takum 00pa3zoM, B 3aBUCHUMOCTU OT 3aJaHHON BemmduHEI Ko OyJeT paccuuTaHo
CONPOTHBIICHUE CIOBUTY Tmob (PamMyc Kpyra Mopa) W TpOM3BEAcHA OLCHKA 3amaca
IIPOYHOCTH B Kaxaoil Touke. CheayerT obpawars oco0oe BHUMAHWE HA TOIYyUYCHHUE
JIOCTOBEPHOTO 3Ha4eHNs Ko IS KaXIOTO CIOs, JIL 9Yer0 PEKOMEHIYETCS COIIOCTABIIATE

TIOJICBBIE U TA0OPATOPHEIE JAHHEIE.

21 Pacuét Hanpsi:KeHHO-1e()OPMHPOBAHHOTO COCTOSIHHSA

21.1 MeTox KOHEYHBIX JJIEMEHTOB B TIEOTEXHHMKE IO3BOJMSET TMPOU3BOAUTH
MOJENUPOBAHUE IIPOLECCAa CTPOUTENLCTBA C YUETOM BIMSHHMS Pa3iM4HBIX (aKTOPOB C
aHaM30M OOJIBIIIOTO KOJIMYECTBA PE3YNLTATOB pacdeTa. [Jisi OCYMIECTBICHHS Mpoecca
MOJZIEIMPOBaHNS B XOAE pacuera HampsbkeHHO-aedopmupoBarHoro cocrosmus (HJC)
PEKOMEHJIyeTCsl NPUONIIKATh AKTHBALIMIO JJIEMEHTOB PAcUCTHOM CXEMBI K PEAIbHOMY
npoueccy. BosBeneHHe Hachlleld OCYLIECTBIAETCS € WCNOJIb30BAaHHEM TIPHHITATIA
HO3TAHOCTH WM cTaauiinoctu (Staged construction), KOraa aKTUBUPYIOTCS OTACTBHEIC
CIIOM HACBIIM C yKAa3aHWEM BPEMEHH HMX BO3BEICHMs. PacucTHBIC TONIMHBI CIIOEB
HACHIK PEKOMEHAyeTCs 3aaaBath Mo 15-20% OT BBICOTHI HACKHIMH (HOMYCKAIOTCS JAPYTHe
BEIMYMHBL TpH oOocHOBaHMM). OcHOBHas KpaTkas MH(popMmauus o0 3Toit cramuu

MOJZIEIHPOBAHHA NIPUBECHA B Tabnume 6.
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Tabnura 6 — Pacuér HanpsbkeHHO-epopmMupoBanHoro cocrosHus (Plastic)

PesyapTar OcoGennocTn
HIC Hcmonp3yercs ¢  OPCHUPOBAHHBIM  THIOM  MOBEJACHWS
(craumoHapHoe) (Drained). [eiicTBus ¢ KiacTepaMu M JPYTUMH SJIEMEHTAMH

pacueTHO#l cxeMbl 0e3 ydera BpeMeHH (KpOME MOJCICH,
YUMTHIBAOWMX NON3y4ecTs, Hanpumep, SSC). Ilpumensercs
JUTSl aKTUBALMK HAarpy3KM OT TPaHCMOpTa.

Bennuuna Tonbk0O MNpH  HKCHONB30BAHMM  HEAPEHUPOBAHHOLO MM

H30BITOYHOTO TIOPOBOTO | yHUBepcambHOro Tina noseacHus (Undrained A wim B).

JIaBJICHUA He onpenensercs mpm aktwBanum onumu Ignore undrained
behavior

He 3aBucut ot K¢, BpeMEHM U IpaHull MO THAPABIAYCCKAM
ycnoBusM. B pacdere reHeprpyeTcsl MaKCHMATBHO BO3MOIKHOE
HU30BITOYHOE MMOPOBOE JIABIICHHUE.

CeiicMuueckoe JlomonHUTENbHAS CTaIus I AKTUBALUH CEHCMUYCCKOM CHIIbL
BO3JeHCTRHE™ (TOPU3OHTANBHBIH M BEPTUKANBHBIA  KOIPPUIHECHT IS
KBa3UCTATHUECKOTO pacueTa WJIM Ha OCHOBE 3aIlicCH
aKCEJIEPOrpaMMBbl PACUETHOTO CEHCMUIECKOTO COOBITHS )

KoadduuenTs JlononHuTENbHAS CTAAUs UL AKTHBALUK CNIEUUANBHON ONMIMH
HagexHocTH™ * (Design approaches)
Ipumeyanue * - nopsaooxk  ywema — ceficMuyeckux — 6osoeiicmeuil  uzqeaemcs 6

COOMBEMCMEYIUUX OOKYMEHMAX

** - QONOTHUMENbHAA B03MONHCHOCHIb HASHAYAMS YACTHBIE KOIPPuYyUeHmsl HAOCHCHOCIIU NO
TOCT 27751-2014 x 8x00HBIM NApaMemMpam pacuemusix 1eMeHmMo8 (O0Cynto 6 HeKOMOPwIX 8ePCUsX
Hpospamm,).

21.2 TlpuMeHHTENBHO K 3ajade BO3BEACHMS Haceimeil Ha  ciabbIx
BOJIOHACHINICHHRIX TPYHTax TUI pacdera Plastic Moxer OHITH HCHONB3OBaH B
CTICIYIOIIHX CATYAIHIX:

1. [lns KOHCEPBATHBHON OLECHKH YCTOWYMBOCTH U OCAJKW NPH BO3BEICHWUM HACHINY,
MOCKOJIBKY COTNIacHO Tabnmme 6 B IpoLecce MOAESTIMPOBAHMS OTCBHIIKH CJIOS B 3TOM
peKuMe u30BITOYHOS TOPOBOE NABICHHE HE pacceMBacTcs (pacueT HE 3aBHCHT OT
BpeMeHH). B artoM cnydae wucnosne3yercs yHuBepcanbHblii (Undrained A) wnu
MONHOCTBIO  HeapeHupoBaHueii (Undrained B) Tum moBefeHWS 1O  YCJIOBHIM
IOpeHupoBanus. Takoil Cmoco0 MpeamonaraeT OTCYTCTBAE YNPOYHEHHS TpPyHTA B

MPONIECCC OTCHINKH M BBIACPXKKH 10 HAYalIa OTCHINMKHU CJICAYIOMIETO CJIOA.
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Pexomenayemasi moC/Ie10BaTeILHOCTh: aKTUBALMS KJIacTepa CJI0S HACHIHM B
pexume Plastic n Beiaepxkka cnos B pexume pacdera Consolidation B TeueHue
[IPUMEPHOTO BPEMEHH OTCBITKH ITOTO CJIOS.

2. Jlus _BEIMWCICHUS KOHEYHOW OCAJKH, T.€. OCAaJAKA Ha MOMEHT 3aBEpHICHHS
npouecca (UILTPaUMOHHOM KOHconuAauuu. Takolf BapuaHT pacueTa HOCHT
OprOIM3NTENbHEI XapakTep B BHAY HEKOPPEKTHOTO ydeTa MPOYHOCTH IS CIaOBIX
OCHOBaHMH{: MO Hayada KOHCOJUJAIUKM IIPOYHOCTb HHU3KAs, 4YTO HOPUBOOMT K
BO3HMKHOBEHMIO OOKOBEIX CMEIICHUI IPyHTa M CBS3aHHOTO C 3THM YBEIHMUCHUS OCAIKH,
a MOCNe CYIIECTBEHHO BO3pacTaeT. PacdeT KOHEUHOW OCAAKH MOXKET ObITh BBHINOMHEH
mbo ¢ HecTaOWIM3MPOBAHHOI  TPOYHOCTBIO, YTO  HE  COOTBETCTBYET
CTaOMITM3UPOBAHHOMY COCTOSHHIO M KOHEUYHOM ocajke, MO0 €O CTabMIIM3HpOBaHHOM
IOPOYHOCTBI0, UYTO HE TO3BOJMT YUYECTh BIHSHHE Craboro TpyHTa W OOKOBBIX
(cmBuTOBBIX) medopmarmii B HadaNBHEINH TepHOA. B 3TOM pacdeTe CONpOTHBICHHE
CIBHIY HE H3MEHAETCS BO BPEMEHU U B 3aBUCHMOCTH OT BBEACHHBIX APAMETPOB MOJKET
COOTBETCTBOBATh WIIM TOJBKO HECTAOWIM3NPOBAHHOMY COCTOSHHIO WIH TOJBKO
crabmwmsupoBanHOMy. [l Gonee peaMCTUYHOTO MOJICIMPOBAHUS PEKOMEHIyETCS
HCIOJIB30BAaHNE YHHBEPCAIBHOTO THUMA MOBEACHWS MO YCIOBUAM JPEHHPOBAHMS
(Undrained A).

PexomenayemMasi MOC/Ie0BATe/ILHOCTL: aKTUBALMA BCEi HACHIMU Oe3 AeneHUs
Ha cyon. PaccMarpiBaeMblif BAPHAHT pacyeTa MPOM3BOAWTCS OO ¢ JPEHWPOBAHHBIM
THOOM mnoBeaeHuss wmozeneil (Drained), nubo ¢ OTKIIOYEHHMEM HEIPEHMPOBAHHOIO
nosexerns (Ignore undrained behavior).

3. lnd _ OuUEHKW BIWAHHMSA TpaHcnoprHOW Harpy3ku. C [enb0  pacyera
SKCIUTYaTallMOHHBIX jgedopMaluii M YCTOHUMBOCTH B OIKCIUTyaTAllHOHHEIA TICPHOJ
AKTUBALMs HATPY3KH MPOM3BOJUTCS TONLKO ¢ THHOM pacuera Plastic u o6s3arenbHbM
OTKITIOUEHUEM HeApPEeHHpoBaHHOTO moBemeHnst (Ignore undrained behavior). 3Oto
O3HaYaeT, YTO HArpy3ka YYHTHIBACTCS TOJNBKO B CTaTHUCCKOM pEXHME, T.€. C
oGs13amenbHbIM HeQONVULEHUCM 2EHEPUPOBATILs U30BIMOYHO20 NOPOBO20 OdsieNs (1m0
credyem o00A3amMeNsHO NPOGEPsMb 6 pe3yismamax pacyemos). Harpysky cremyer

3agasarh B coorBercteum ¢ I OCT 32960-2014.
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PekomeHayemasa nocfefoBaTeNbHOCTb: aKTMBaLus TPaHCMOPTHOW Harpysku B
LPEHVPOBAHHOM MOBEAEHNMW TPYHTOB PACUETHOI CXEMbI.

21.3 Ecnu ocasika Hacbinu npesblwaet 18% BbicOTbl uau npesbiwaeT 0,5 m [3],
pacyeT C Y4eTOM B3BELUMBAIOLLErO BO3AENCTBMA (4N TPYHTOB Tena Hacbinm)
uenecoobpaseH. Ecnu konebaHus ypoBHSA rPyHTOBbIX BOJ He NpeBbiwanT 20% BbICOTbI
HacbiMM, TO YYeT B3BELIVBAIOLWEro BO34eCTBMA BOAbl He Tpebyerca. Yuer
B3BELUMBAIOLLEr0 BO3LECTBMA B HEKOTOPbIX NpOrpammax OCYLLeCTBASeTCA 3a CYeT
MepPecTPOMKN CeTKN KOHEYHbIX 3/IeMEHTOB W YPOBHA TPYHTOBbIX BOA (f4BOVHas onuwms
«Update Mesh +»).

21.4 AHanus pesynbTaros

BefnunHa ocafku HacbiMu OMpefenifaeTcd B PeXumMe MpocMoTpa pesynbTaTos

Deformation - Total displacements - Uy ¥ OTKNIOYeHWs KNacTepoB Tena Hacbinu

(PucyHok 18) nnu nytem noctpoeHus antopbl (pucyHok 19) ocaaku (Cross section).

IOTMMoOOw>
o}
8

[Mninumvalue = -Q,3012 m (Element 260 at Node 1775) |

PucyHok 18 - 30AMHUN KOHEYHOW (ApeHMPOBaHHOI) 0cafgKu
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Totaldisplacements u (scaled up 5,00 times)
Maximum value = -0,1051m
Mnimum value = -0,3011m

PrcyHoK 19 - dntopa KOHEeYHOW (4peHNPOBaHHO) 0CaKn HacbInu

O6beMHble fgedopmauum sv (COOTBETCTBYKOT MOAY/IK0 OCafKM B pPasMepHOCTU
M/m [3]) NMoKasbiBalOT B KaKOM Cnoe peanusyetcs ocagka (pycyHok 20) m no3BonisoT
CONOCTaBUTb Pe3yNbTaT YMUCMEHHOIO0 MOAE/IMPOBAHUSA C PY4YHbIM CYETOM MO (hopmysie

AN KaKAoro c/ios:
S = V] H (32)
rge sv- o6beMHble gedopmaymu;

Han- mMowHOCTL paccmMaTprBaeMoro Criosi.
rog|

-90,00
-74,17
-58,33
-42,50
-26,67
-10,83

mTmoow >

Total volumetric strain ev
Maximim value = 2,832*10'3 (Element 264 at Node 8673
Mnimumvalue = -0,08742 (Element 233at Node 1583)

PucyHoK 20 - MN301nMHMUM 06BbEMHbIX AedhopManmin (Cno 2 nmeeT 60MbLLYHO
C)KMMaeMOCTb M MeHbLLIee 3HaYeHe Moy na feopmaumm)

56



OAM 218.3.120-2020

CaBuroBble gethopmaummn ys 0TobpakatoT 061acTy ¢ NpecbnajatoLyiv CABMIOBbIM
XapaKTepoM, YTO MO3BOMAT OLEHUTb MOTEHLUMa/IbHOE MOJIOXKEHNE MOBEPXHOCTU
CKOJbXXeHUs. B 0TAeNbHbIX Cryyasix PEKOMEHAYETCS CMOTPETb MPUPALLIEHNS CABUIOBbIX
Jechopmaumini - Ays, 4TO MO3BONSIET Jydlle BWAETb MpeAnosiaraeMyto MOBEPXHOCTb

CKO/BXeHUS (PUCYHOK 21).

Total deviatone strain

Maximum value = 0,4401 (Sement 393 at Node 1327)
Mnimumvalue = 0,09786*10°3 (Element 1at Node 4922)

PucyHok 21 - M30n0/1s npypaLleHns caBuroBbix gedpopmaumii Ays

22 PacuyéT KoHconuaaumm
22.1 PacyeT BpeMEHW 0cCagKM MOXeT ObITb BbINOJHEH B [BYyX BapuaHTax:
1 npubnmkeHHO C MUCMOMb30BaHNEM MpocTor mogenm MC, MMetOLLE MOCTOSIHHOE
3HayeHne Moayns  AedopmaumMu M MOCTOSIHHOE  3HadeHMe  KoaghuumMeHTa
KOHCOMMaaLmu;
2. ¢ npumeHeHvem KI'M rpyHTa (SS, MMC, HS) yuuTblBalOLLEN HEVMHERHOCTb
3aBUCMMOCTU HanpshKeHUs-feopmaums 1 n3MeHeHne KoathuumeHTa (uabTpaumm
Kb nNpy okaTum 3a cyeT KoappuumeHTa CK (YUMTbIBAOLLErO WM3MEHEHWE
(UIbTPALUMOHHBLIX  CBOWCTB FpyHTAa B MpOLEcce OkKaTws), OonpegensieMoro
cornacHo 10.4.

PacueT KoHconMpauum npegHasHadeH 419 reHepaumv n3bbITOYHOMO MOPOBOro

[ABMIEHNS MPU Harpy>XeHUM W OLEHKM BPeMeHW peanvsaumn ocagku. B oTnmume ot
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AHATMTHYECKOTO pacyeTa OJHOMEPHOH KOHCONHIAUMY, YUCICHHOE MOJCTHPOBAHHE
pelmaeT 3afauy NpsMBIM CIIOcoOOM U B ABYXMEPHOI (TpexMepHoif) nocranoBke. Pacuer
KOHCOTHAAIIUA MOXET OBITh MMPOU3BEACH TPEMS CIIOCOOaMH:

1) ITyrem moxGopa BpeMeHH, HEOOXOAMMOTO UL MONHOIO (CTEHNeHb KOHCOMMAAUUU
90%) paccenBaHus U30BITOYHOTO TIOPOBOTO AAB/ICHUS (MTEPAIMOHHBIM TPUHITHII,
QHAIOTWYHBI AaHATNTHHYECKUM METOIaM pacdeTa).

2) IlyteM DOpsAMOro pacueTa BpPEMEHM KOHCONMUAAUMHE TO 3aJaHHOM CTermeHn
koHcomuuauuu (Degree of consolidation 0-99%), T.e. cTemeHH pacceMBaHWS
H30BITOYHOTO TIOPOBOr0 JABJICHUA.

3) Ilyrem nOpsAMOro pacyeTa BPEMEHHM KOHCONMJAIMH, ONPEAEIIEMOT0 IIyTeM
CHIKEHUS M30BITOYHOTO MOPOBOTO JAaBJIEHUS A0 3alaHHOro 3HaueHus (Minimum
pore pressure).

OcHoBHast kparkas HHpoOpManus 00 3TOM CTafuM MOJAENMPOBAHUS NPUBEICHA B
Tabmmre 7.

Tabmura 7 — Pacuér koncomumauuu (Consolidation)

Pesyabrar OcoGeHHOCTH
HAC Omnpenensercs 3(HEKTHBHBIMU HaIMpsHKEHUAMH,
(HeCTaMOHAPHOE) COOTBETCTBYIOIUMH ~ CTENEHHM  KOHCONMMAAUMM  (CTENEHH

paccemBaHMS U30BITOYHOrO IOPOBOTO  JaBieHus). Ilpu
HEBBICOKMX 3HAUEHMSIX CTeneHW KoHcomuaammu (<20-30%)
HIC ompenensercs ¢ y4eTOM BOCHPHATHS YacTH BHELIHETO
JABJICHNS HEC)KUMACMOH HOPOBOH BOAOH (HEAPEHHPOBAHHAS
>KECTKOCTh BEICOKAsl, 0Cca/Ika HeOOIbIast)

TToposoe 3aBucur ot K¢, BpeMeHM W TpaHHI CXEMBI TIO
JlaBleHUE THAPABINICCKIM YCIIOBHSM.
*He 3aBucut ot Tuna noseaeHus (Drained/Undrained).
B wmacrepax ¢ turmom Non-Porous unm ¢ omueii Cluster dry
MOPOBOE JIABJICHUE HE PACCUUTHIBACTCSL.

Bpewms Cabo 4yBCTBUTEINIEH K OTEPE YCTOMUMBOCTH
KOHCOJIHIAITIHI *He 3aBucHT oT Tuna noseeHus (Drained/Undrained)

IHpumenanue: * - pescum pacvema Consolidation npu nazpyosicenuu zenepupyem uzovimounoe
nopoeoe daseHue e 3a6UCUMOCHIN O HATUYUS ZDYHMOBBIX 600.
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22.2 KputepHu BpeMEHH KOHCONMIAIHN:

1) B mporpamMmax, paboTaiolMX MO METOJAy KOHCYHBIX DJICMCHTOB, KPUTEPHii

2

3

)

~—

pacueta 90% xoncomumanun (90% OT BENMYMHBI MAKCHMAJILHOTO U30BLITOYHOTO
noposoro gasnenus unu  Degree of consolidation) He coorBeTcTBYET
OOIENPUHATOMY KPHTEPHIO, TPUBEACHHOMY B HOPMATHBHBIX JOKymeHTax (90%
OT KOHEYHOH ocaaku). JInf TOTHOTO COOTBETCTBHS pacdeTa HOPMATHBHBIM
TpeOOBaHMAM HEOOXOAMMO HOCTPOMTh TIpaduk «ocagka S — BpeMs t»
KOHCONMMIAIMA W OMpPEJENUTh TI0 HEMY BpeMs toy, cooTBercTBytomee 0,9 oT
KoHewHOH ocaku Sk (PucyHok 22).

Jins mosjydYeHus HOPMAaTHUBHBIX CPOKOB 2 CM/TOA M 5 cM/roji HEOOXOIUMO Ha
rpauKe 3aBUCUMOCTH «OCaaka S — BpeMs t» TPOBECTH JIMHUIO C HAKIOHOM,
COOTBETCTBYIOIINM HHTEPECYIONIEMY KPHTEPHIO (HAIPEMEP, OTIOXHB 1 TO1 1O
TOPHU30HTAILHON OCH M 2 CM TI0 BEPTHKaNbHOI). Jlaee MyTeM MapauielbHOTO
MEpPEHOCAa HAWTH TOYKY, B KOTOPOH JMHHSA SB/IETCA  KacareJIbHOM,
COOTBETCTBYIOINAs €ff abcrmcca W SBISETCA UCKOMBIM CPOKOM (HaNpUMeED, trcwrox
Ha pUCyHKe 22).

Jins mocTpoeHns rpaduka 3aBUCUMOCTH «0caaka S — BpeMs t» peKOMEeHTyeTcs
HUCIIOIb30BATh l('pl/lTC'pI/Iﬁ pacucTa KOHCOMWOAIUA - CHHUXKCHUC H30BLITOYHOIO
nopoBoro aasneHus A0 1 k[1a (Minimum pore pressure) ¢ LENbI0 BBIX0Ja KPUBOit
rpauka Ha aCUMOTOTY YCJIOBHOW KOHEYHOM OCaIKH (TPUOIIKEHHE PacuéTHOTO

BPEMEHH K tgx — BpEMs 3aBepIIeHHs (PMILTPALMOHHOM 9aCTH OCAIKH ).

59



O4M 218.3.120-2020

PUCYHOK 22 - KpuTepun 3aBepLLEHUS (UIbTPaLMOHHON KOHconmaauum: t3T- spems

3aBEPLUEHNS CTPOUTENLCTB]; LIK- BpemMs 3aBepLueHns (unbTPaLMOHHOM YacTu 0cagKu

22.3 PekomeHAyemas MocnefoBaTe/ibHOCTb
1) Ans reHepauyuu K36bITOYHOrO HOPOBOrO AaBNEHUS NPOWM3BOAMTCS aKTMBaLus
KNacTepoB  Hacbinu (MM Apyroii  BWA  HarpyXeHus) C  yKasaHUEM
NPOAO/MKUTENBHOCTY npouecca. bBonee panuTenbHoe BpemMs MOLENMPOBaHUSA
HWXXHUX CNOEB Hacbinu obecneynmBaeT AOCTMXKEHWE OONbLUEro KO3(duLmeHTa
YCTOWYMBOCTA B CTPOMTENbHbIA nmepuof. B obuwem Buge npyu BpeMeHu t—m
136bITOYHOE NOPOBOE AaB/eHNe byAeT OTCYTCTBOBATh (aHanormyHo pacyety HAC
C pexxumom pacyeTa Plastic n agpeHupoBaHHbIM MoBegeHnem). B cnyyae ecnu
Bpems pacyeta t—0 M36bLITOYHOE MOPOBOE AaBreHne O6yAeT MaKCUMaslbHbIM
(aHanornyHo pacuety HAC ¢ pexumom pacuyeta Plastic 1 HegpeHWPOBaHHbLIM
Undrained B unn yHuBepcanbHbIiM TUMom noeegeHns Undrained A).
2) Ans  BbINONHEHMA pacyeTa BPEMEHU  KOHCOAMfauum  Heobxoaumo  Ha
npejLecTBytOLLe CTaguy BbIMOHATL pacyeT W36bLITOYHOrO MOPOBOF0  [JaBNEHUA
(pexkum pacyeta Plastic U HeApeHMPOBaHHbIA WMAW YHUBEPCANbHBIA TWUM MOBEAEHMS
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mogeneit unn pexxum pacyeta Consolidation ¢ akTuBauwein HarpyxeHus). Mocne uero
NPOU3BOANTCA pacyeT B COOTBETCTBUN C KpUTEPUEM MO pasgeny 22.2.

B knactepax, MOAENVPYHOLUX NHXEHEPHO-TE0IOTMYECKME 3NIEMEHTHI FIMHUCTOrO
rPyHTa C YC/MOBHO 3aBEpLUEHHON CcTemneHbld KoHconmpauum IL<0.5, pekomeHayeTcs
3anpewaTb pacyeT M36bLITOYHOrO MOPOBOr0 fAaBneHWs (Hampumep, TUMOM TMOBeAeHMS
Non-porous wunu Cluster dry) ans cobnogeHns rpaHuy, NPUMEHUMOCTU Teopun
(hMNbTPALUMOHHOK KOHcONMAauun. Ha atane 3afjaHus rpaHWYHbIX YCNOBUIA neBas W
npaBasi rpaHuLbl CXEMbl 3aKpbIBAlOTCS, a HWKHAA 3aKpbiBaeTcsd B Cryyae, eciu
NOACTWUNAIOLLMIA TPYHT - HeapeHupyoLwWwwuii (Bogoynop).

22.4 [na oueHKM pe3ynbTaToB pacyeTa HEOGXOAMMO Ha3HaYUTb KOHTPOSbHbIE
TOYKU 1 NOCTPOeHMs rpadmkoB. MepBas Touka (T. A Ha pUcyHke 23) /15 3aBUCMMOCTM
«fehopmauns-BpemMs» HazHa4yaeTcs Ha nofowse Hacbinu no ocu (Tun Node, KpacHas
Kpyrfiaas Ha rpaHule KOHEYHOro anemeHTa); BTopas (T. K Ha pucyHke 23) - ans
3aBMCUMMOCTU «M36bITOYHOE MOPOBOE AAB/EHME» - BPEMS B CEPeIMHE KOHCONUAMPYeMoi
TONWM, B MNPeAMnoNoXNTENbHOM MeCTe MaKCUMalbHON BEWMYMHBLI - M36BITOUHOTO
MOPOBOr0 AaB/IeHUs MO OCU HackInu (TN Stress - (hMONETOBbI POM6 BHYTPY KOHEYHOr0

3NemMeHTa).
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B npouecce pacyeta Heo6XO4VMO OTCNEXMBATb W3MEHEHWUS  CleAytoLmx
napameTpos (PUcyHok 24):

1) Pecss - 136bITOYHOE MOPOBOE fAaBNEHWE, BeNMYMHA KOTOPOro AO/MKHA ObiTb
NpW6M3NTENBHO paBHa AaBleHWIO OT COOPYXXeHWs. Ecnm aToT napameTp CyLIECTBEHHO
NpeBbILIAET [aBfieHWe OT HacbIN UKW CKayKoobpasHO M3MEHSETCA B XOfe pacyeTta, TO
Heo6Xo1MO NPOBEPUTL PACHETHYHO CXEMY MO KPUTEPUIO MOTEPH YCTONYUBOCTH.

2) Time - Bpems pacyeTa.

3) SiVtage - MPOLEHT BbINOSHEHUS pacyeTHOl (hasbl B fonsax egunHuy, (XMdae=|
cootBeTcTByeT 100%).

Active tasks

© Calculating phases

<Phase 7> (Nr,7)

Kernel information
Start time 14:01:20
Memory used  ~4B MB

Total muitipliers at the end of previous loading step Calculation progress
1000 [Peygess, rrs< asi| M
XM dispY 1,000 e|Vstes crakT
XM b;dA 1,000 Fx - 0,000
A toadB 1,000 £y 0,000
XMveight 1,000 n S
EMegecerl 0,000 1Time 0,0001
VM 1 Innn
1o~ 05570 H
Iteration process of current step
Current step 4 Max, step 250  Element 655
Iteration IS Max, iterations 60  Decomposition 100 %
Global error 4,523E-3  Tolerance 0,01000  Calc, time 4s
er]Lr_pull 181U I J
Plastic stress points 1813 Inaccurate 176 Tolerated 184
Plastic interface points 0 Inaccurate 0 Tolerated 3
Tension points 2 Cap/Hard points 766  Apex points 0
W preview I[ » Resume J X Stop
Mnirize 1task running

PucyHok 24 - KoHTponmpyemble napameTpbl (npumep u3 nporpammel PLAXIS)
22.5 AHanus pesynbtaros
Mocne 3aBepLueHns pacyeTa HEO6XOAMMO NPOBEPUTL KOPPEKTHOCTb MOYYEHHbIX
pe3ynbTaToB. XapakTepHble crnyyan (hopMUpoBaHUS 061acTU M36LITOYHOTO NOPOBOro

[aBneHna npeacTaBfeHbl Ha PUCYHKax 25-27.
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LpeHvpytoLumii rpyHT

PucyHok 25 - KoHconuanpyeMmblii CNoi 3aknoueH Mexay ABYMS ApeHUPYOLUMUI
(aHanornyHo Nyt ubTpaLnm «BBEPX U BHU3»)

PucyHoK 26 - KoHconuaupyemblii cioii noAcTUNaeTcs APeHUPYIOLLAM, a NePeKpPbIT
BOZO0YMNOPOM (aHANOTUYHO NYTW PUILTPALMAN «TOMBKO BHU3»)

PUCYHOK 27 - KOHCONMMAMPYEeMbIii C/I0M 3aKOUeH NOACTUMAETCS BOAOYNOPOM, a
MepeKpbIT APEHUPYIOLUM (aHAIOTMYHO MYTW QUALTPALK «TONIbKO BBEPX»)
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B pesynbTaTe nonyyatoT BENNYMHY MaKCUMasbHOW (MIbTPALMOHHON 0CafKu
Hacbinn Sk, KOTOpas CUMTAeTCA YCNOBHO KOHEYHOW MK CTabunnsnpoBaHHON (PUCYHOK
18), u antopy ocafku rno nogoLse (pUcyHok 19).

Mo pe3ynbTatam CTOMTCS rpaduK, aHaOTMYHbIA NOKa3aHHOMY Ha pPUCYHKe 22 ©
onpefenseTcs WHTEHCWBHOCTb  3aTyxXaHWs  Ocafikv, KOTopas CpaBHMBAeTCs C
[ONYCTUMbIM 3HadeHneM cornacHo CIM 34.13330: Ans NOKpbLITWUIA KanuTanbHOro TuUMa -
2 cm/rog; Ans NOKpbITWIA NepexoAHoro Tuna - 5 cm/rog.

[na aHann3a Takxke CTPOAT rpadnk M3MEHeHNs U36bITOYHOro NMOPOBOIrO AaBfieHuns
Pedss Bo BpemeHn s Toukm K (Tvna «Stress»), pacmnofioXKEHHON MO OcK Hacbinu B
MecTe MaKCMMa/lbHOTO M30bITOYHOrO faBneHus  (pUcyHok 28). 3IToT rpaguk

MNCNONb3yeTcAa And reoOTEXHNYECKOro MOHMUTOPMHIa Hacbinn B npouecce CTPOUTE/NbCTBA.
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23 Pacuer ycroiiuuBoCTH
23.1 Oror pexuM pacyeTta HE SBISETCS CaMOCTOSTENIbHBIM, a HacleayeT
HaNpsbKEHHOE COCTOSHUE MPeABIAyIel CTaJuH pacdera W COOTBETCTBYIOMMM 00pa3oM
3aBUCUT OT MNPCAMWICCTBYIOINX PpPE3YIBTATOB. PCKOMGHZ[yeTCﬂ BBITTIOJTHCHUE  TPEX
BapHaHTOB PacUeTOB YCTOHYMBOCTH HAchIMNelt Ha c1abbIX TPYHTAX:
1)  Ouenka HeCTAOUIH3HPOBAHHOIO COCTOSIHHS (KOHCEpBATHBHAS),
HaNpaBlicHHass HAa ONpEICNeHME YCTOHYMBOCTH HACHIIM HA MOMEHT 3aBEpLICHUS
OTCBINTKKU WJTA ONPCACIICHUC MaKCHUMaJTbHOMI yCTOﬁ‘IPIBOﬁ BBICOTBI HACBIITHA Hmax npu
HEBO3MOKHOCTH OTCBHIIATh HACBHIIb HA IOJHYIO BBICOTY. KOHCEpBATHMBHOCTH OLICHKU
CBA3aHa H IMOCTOAHHBIM 3HAQYCHUCM pacquHoﬁ MMPOYHOCTH B HeCTa6I/]J'lPI3Hp0B3.HHOM
COCTOSIHHY, 3HAUEHHE KOTOPOI HE U3MEHSETCA B IpoLecce 000l NpoJoIDKUTENBHOCTH
OTCHIIIKA HACKHITH (OTCYTCTBHE YIIPOUHEHNS TIPH KOHCOJIHTAIHN).
PexomeHayemasi mocaeaoBareiabHocth: Pacuer HJIC mpousBomurcs mbo ¢
HenpeHupoBaHHbiM TUIIOM moBeaeHus (Undrained B, C), ecnm MCXOAHBIME TAHHBIMU
SBJISIETCS TIPOQWIL COTIPOTHUBIICHWSI CABUIY MO DIyOMHE (HEAPEHHPOBAHHAS
mpouHocte Cu), OO ¢ ApPeHUPOBAHHBIM TUIIOM mnoBeaeHus (Drained) ¢
HCIONB30BaHUEM TTapaMeTpoB MPOTHOCTH (Cyay ¥ Qyay) IPH MPUPOAHON MIOTHOCTH-
BJIKHOCTH, TIONYYEHHBIX U3 NPHOOPa OIHOIUIOCKOCTHOTO Cpe3a Mo cXxeMe ObICTPOro
casura (B 3TOM ciydae HeoOXoauMo BBeCTH kodddumment GokoBoro naeneHus Ko
Bpyunyto). Tun pacuera HAC (Plastic), cneayromas cTaaus pacdera - yCTOHYHBOCTb
(Safety).
2) OueHka CcTAOHWJIM3GHPOBAHHOIO COCTOSIHHS (OpH  AocTHxeHHH 90%
KOHCOJIHIALHH), MPOU3BOJAUTCS c Y4ETOM TPaHCTIOPTHOM Harpy3ku
(3KCIUTyaTauMoOHHBIM MEepHoN). Pacuer NpOM3BOAMTCA TONBKO ANS APEHUPOBAHHOIO
TOBEJICHUS ISl BCEX TPYHTOR B CTATHYECKOH MOcTaHOBKe. HeipeHHpoBaHHOE MOBEICHUE
MPUMEHSETCA TOJBKO I JUHAMHYECKHX PACUETOB C HCMOJIb30BAHUEM CIELHAIBHBIX
MOJEJIEeH TPyHTA.
Pexomennyemasi nocienosatesibHocTh: Pacaer HJIC (Plastic) mpu akTHBaiuu

TPAHCIOPTHOM HArPy3KW TPOM3BOAUTCS TONBKO C JAPCHHPOBAHHBIM THIIOM
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noeenerHus (Drained wmm ormmeit Ignore undrained behavior) m mapamerpamu
HOpPOUHOCTH B 3((dekTHBHBIX HanpsbkeHusx: ¢ U @', Ilocnegyrommii pacuer
YCTOUTMBOCTH OCYILLECTBISETCS TOJIBKO € APSHAPOBAHHBIM IIOBEICHHEM MOJENei
rpyrta (ommus Ignore undrained behavior) npu o0s3aTenbHOM KOHTpONE
n30BITOYHOrO MOPOBOrO  JAABICHUS (BEMYMHA HE JIOJDKHA CYLIECTBEHHO
HU3MEHSATHCS ).
3) OueHka YaCTHYHO CTAGHIH3HPOBAHHOIO COCTOSIHHS (CTENeHb KOHCOTHIAINA
MeHee 90%), MO3BOJIET OICHUTH YCTONUMBOCTH COOPYKEHHMs B 00O MOMEHT
BPEMEHM B MpOLECCE KOHCONUJALMM € Y4YeTOM TPAHCHOPTHON  Harpy3ku
(9KCIUTyaTal[MOHHBI TEPHOJ WM BpeMEHHBIE CTPOMTENbHBIE Harpys3ku). Pacuer
npon3BoanTcs Ha ocHoBaHun HJIC, MOCTHrHYTOro B Mpeaplaylici CTaguuM pacuera C
y4eTOM TeKyIel CTeNEeHN PacCcenBaHMA H30BITOUHOTO MOPOBOTO AaBJeHUS. [l ONCHKH
YCTOWYMBOCTH B 3KCIDTyaTAIMOHHBIA TMEPHON HEOOXOAUMO MPOBEPATH JIOCTKCHHE
KPHUTEPUEB KOHCOMMAALMU: 2 U 5 cM/TOI.

Pexomenayemasi TOC/IEIOBATEIBHOCTH: PacueT TPOM3BOAWTCS TOJNBKO C
yHUBEpcambHBIM THHOM moBeneHHs (Undrained A) m mapameTpaMH NPOYHOCTH B
3(p}EeKTUBHBIX HampskeHHAX: ¢ ¢°. IIpou3BoguMTCS MOJENHUPOBAHME BO3BEACHHS
HACBITMH, TOCJIC Yero BHIMONHACTCSA pacuer mpouecca koHcomumamuu (Consolidation) ¢
3amaHHBIM BpeMeHeM (Staged construction) wiu creneHblo kKoHconmupanuu (Degree of
consolidation mmm Minimum pore pressure). Ilociemyrommii pacyer yCTOWYMBOCTH
OCYIIECTBIIAETCS TOILKO C APEHUPOBAHHBIM [OBEJCHUEM MOJENell IrpyHTa (omuus Ignore
undrained behavior) mpu o0s3aTebEHOM KOHTPOJE H3OBITOYHOTO MOPOBOTO JABJICHUS
(BeNTMUYMHA I0JDKHA ObITH MOCTOSIHHOI ).

23.2 PacdeT yCTOWYMBOCTH C MPUMEHEHHEM MPOTpPaMM, pabOTaIOIMUX HA OCHOBE
MKD mokeH MCHoib30BaTh METOJ CHMKeHMs mpouHoctd (SRM — shear reduction
method). Meronq SRM ocHoBaH Ha ycioBHH TNpouHocTH KymoHa-Mopa, koTopoe
BBIPAKAETCS B TIPOCTOM BUJIE CICAYIOMEH HOPMOi:

Tnpeu op'tge+c

Kyer = = : (33)

T peiicTs T

A€ Tupex - MAKCUMAIIBHO BO3MOKHAaA MPOYHOCTD I'PYHTA,
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Tyciicrs — MUHAMAJIBHOE 3HAYCHUE CONMPOTHBIICHHS CABHTY, HEOOXOAMMOE JUIs
obecrieyeHns: paBHOBECHS,
C U () — NCXOMHBIC MapaMeTPbl MPOYHOCTH U O, — (PAKTHUECKOE HOPMAIILHOE
HANPSLKECHUE.
TTocKoIBKY paccMaTpHBaeTCsl COCTOSHUE TPECTBHOTO paBHOBeCHS, (hopmymna (33)
MOXET OBITh BBIPKEHA KaK:

ontge . ¢
T=———+-
K + K 2

(34)
rae K — wurepanuoHHbli KO3((HUIMEHT CHIKEHUS NApaMeTpoB IIPOYHOCTH,
M3MEHSIOLIMICS B MPOLIECCE pacyeTa.
ITocneoBaTeNbHOCTE pacyeTa clieAyromas: Ko3GpGUIUECHTY CHIKEHUS IPOYHOCTH
(K) mpucBauBaercs 3Hayenue K=1. B xome pacuera K, Kak TpaBuio, yBEJIMUMBAETCS,
IIPA 3TOM COIPOTHBIICHHE CIBHTY U AchopMalys OLEHUBAIOTCA HA KAXKAOM 3Tale 10
HACTYMICHUSA paspylleHus (MoTeps CXOANMOCTH pEIICHHsA), YTO COOTBETCTBYET
kpureputo Kynona-Mopa suna:
T=0y tgor +cp, (3%5)
rac ¢, u @ — mnapaMeTpel TPOYHOCTH, CHHXKCHHBIC B XOJC pacdera 10

MHUHHMAJIBHBIX 3HaT-IeHI/II71, JOCTATOYHBIX T TOAACP)KAHAA PABHOBCCHS:

Cr = X (36)

t
tgpr === (37)

23.3 Pe3ynbTaThl BHIUMCICHUH TMPUBOAATC B BHIE TpadukoB (pucyHok 31), Ha
KOTOPBIX MOKa3aHO BIHMsHUE Kod(uumenta cHwkeHus mpouyHoctd (K) Ha cMmeleHue
KOHTPONBHOM TOYKM (Y3714 CETKM KOHEYHBIX DJIEMEHTOB). B KadecTBe pacueTHO
HEOOXO0AMMO BBHIOpaTh TOUKY, PACTMONOKEHHYIO Ha CMEIIaeMoii 4acTH (HampuMmep,
HIKHAS OPOBKA MOTEHUMATIBHO HEYCTOMYMBOTO OTKOca). Eciu B pe3ynbTaTe KOHEYHO-
3IIEMEHTHOrO pacyeTa MPOW30HMAET MOTEPS CXOAMMOCTH pacuera, TO rpapuk MpUMET
TOPU30HTAILHOE  MOJNOXKEHHE W KOO(DPHUIHMEHT CHIDKEHHS TPOYHOCTH  Oyner
COOTBETCTBOBATH Kod(pdunuenty ycrodunBoctu K=Ky.r. B ToM ciyuae, eciu Touka it

TOCTPOCHHU S rpa(l)mca HaXOJHUTCA BHC 00J1aCTH  OIOJI3HEBOTO CMCIIICHUA, BCIIMUHMHA
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KO3MLMEHTA CHIUXKEHNS NMPOUYHOCTY K AOMKHA 0CTaBaTbCs HEM3MEHHOW (fonycKatoTcs
He6onblumne KonebaHna AK=+0,1) B TeyeHne He MeHee 50 Lwaros pacyeta. MoBepXHOCTb
CKOJIbXXEHMSA Npu Ucnonb3oBaHun MK gopmupyeTcs BO BpeMs pacyeTa.

Heobx041M0O KOHTPOMMPOBaTb AOCTaTOYHOCTb KOMMYECTBa LUAroB pacyeTa fns
[OOCTUDKEHUS MOCTOSIHHOTO 3HayeHMsi Ko3humumeHTa yCToMumMBOoCTU (BbIXOA rpaduka
«K - war pacuyeta» Ha «noJsiky» rapanfieNlbHyt0 0CY, COOTBETCTBYIOLLEN LUaraM pacuyeTa,

CM. puc. 29).

PucyHoK 29 - 3aBUCUMMOCTb NMepeMeLL,eHns KOHTPONLHOIO y3na 0T KoadguuneHTa
CHWKeHNA npovHocTn K

OcHoBHaa KpaTkasa MHGopMmauus 06 3TOl CTaaun MOLENNPOBaHWS NpuBeAeHa B
Tabnuue 8.

23.4  Pacuetbl YCTOAYMBOCTA METOAaMM npefesbHoOro  paBHOBeCUA
(MopreHwrTeiiH-Mpaiic, Buwon, CneHcep W fAp.) B Nporpammax YWCNEHHOrO
MOZenIMpoBaHns, paboTaroLmMx Ha ocHoBe MKQ3, He peKOMEHAYIOTCA K UCMONb30BaHUIO,
NOCKO/IbKY OCHOBAHbI Ha NPUPOAHOM HarnpsXkeHHoM cocTosHun (KO, OCR) un He moryT
npeAcTaBnaTb anbTepHaTuBy Metody SRM. O6s3aTe/lbHYt0 MPOBEPKY He06X04MMO
nNpou3BOANTL MeToAamu  MpefeNbHOro  PaBHOBECMA B aHaNUTUYECKOR  topme

(MHXXeHepHbIe NporpaMmbl He oTHocALWMecs K MKD).
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Tpebyemoe 3HaueHwe KoI(p(UIMEHTa YCTOWYMBOCTH OIpEAENseTcs Ha
OCHOBaHWH [3]

Tabnuua 8 — Pacuér ycroiiuuBoctu (Safety).

PesynbTar OcobennocTH
OOmmit ko3 durment Pexomenayercs akTuBHpoBarh onuuio Ignore
YCTOHYMBOCTH undrained behavior npu HanuuMKM yHHBEPCAIBHOTO

tuna mnoseaenuss (Undrained A) Bo wu3bexaHue
HEPEAMCTHIHOTO pocTa H30BITOYHOTO TTOPOBOTO
JIABJICHAS] H HEKOPPEKTHOTO W3MEHEHNS TIPOYHOCTH B
TIpoIIecce pacyera.

Heo0xoamM0 KOHTPOJIMPOBATE TOCTATOTHOCTH

KOJIMYECTBA LLIAroB.
YCTOHUMBOCTD npu Pacyer mnocne [OONONHUTENBHOW CTaguu C

CEHCMUYECKOM BO3/ICHCTBHH AKTHBHPOBAHHBIM CEHCMUYECKUM BO3ACHCTBAEM
KoadppumueHTtst Pacyer mocne MOMONHHTENBHOW CTagmu ¢

HaJSKHOCTH aKkTMBHpoBaHHO# ommue Design approaches

24 YyeT apMUPYIOLIUX F€OCHHTETHICCKUX MPOCJI0eK

24.1 BpiOop apMUpYIOLMIEH T€OCHHTETMYECKON HPOCIONKH OCYIIECTBISETCS B
cOOTBeTCTBHU ¢ pekoMeHpaumamu OJIM 218.2.046-2018 u ¢ yueroMm Kinaccudukanuu,
n3noxeHHoit B TOCT P 55028-2012. TToBeaeHUE F€OCHHTETMUYECKUX MATEPUAIOB TpH
PaCTSDKEHUH Pa3HOOOPA3HO U OLPEEIIETCS, IPEXKAE BCEr0, UCXOAHBIM ChipbeM. OeHKa
NIOBEICHUS] TEOCHHTETUYECKOIO MATepUaia IMPU PACTKEHUH ONPEAENISETCS €ro 0ceBOt
JKECTKOCTBEO EA, KaKk BENWUYMHON, BKIIIOYAIOMICH OBE XapakTEPUCTHKH: ycunue F u
VIUIMHEHUE €.

B nporpaMmax arcieHHOT0 MOAEIUPOBAHUS AOJDKEH IPUCYTCTBOBATH OTIACIbHbBIN
SJIEMEHT, TIPEIHA3HAYCHHBIA JUIA MOJICIHPOBAHUSA TE€OCHHTETHYECKHX MATEPHAIIOB.
CBoticTBa 3TOro NEMEHTA JODKHBL BKIIIOYATH CIIEAYIOLIEE:

- YIPYroe H yIpyromiacTHIeCcKOe MOBEICHHE,

- oceBast xecTKocTb EA, mpu oTcyTcTByromei u3rudHoit El;

- TIPEAENBHOEC 3HAYCHHWE YPOBHS HANPSDKEHUH, ONPEICIIONIeEe IEPeXOn B

COCTOAHHUEC IJIACTHYCCKOI'0 TCUCHU.
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24.2 [Tns yuyeta pabOThl T€OCHMHTETUYECKOTO MaTepUajla BO BpPEMEHH (MOI3YUeCTh)
PEKOMEHYeTCS HCIOIb30BaTh YIEMEHT ¢ TAKUMHU BO3MOKHOCTSAMHU KaK:

- HeNMHENHOE IOBEACHNE (BBOJ Ipadmka «ycunus-aedopmarms»);

- KpaTKOBPEMEHHAS U IONTOBPEMEHHAS 0CEBAst JKECTKOCTE,

- BSI3KOCTB JUTSI OTACaHMsT ieopMariuii o3y yecTy.

24.3 TlapameTpbl PaCUYETHOTO 3JIEMEHTA

PacyerHoe  omMCaHWe TIOBEACHHME TCOCHHTETHYECKOTO — MarephHaia  mpH
MOJIENTUPOBAHUM AODKHO ObITh 32[aHO YIPYTOIUIACTHYECCKUM U 00S3aTENbHO BKIIOYATH
JIBE XapPaKTEPHUCTHKH:

- IpeIeabHOE PACUETHOE YCUIILE,

- OCEBYIO JKECTKOCTh EA.

24 4 llpenenpHOE pacueTHOE YCWIHE B CIIy4ae pacdera HA JJIMTENBHBIA CPOK
TIPUHAMAETCSI PABHBIM JUIMTENFHOR TPOYHOCTH Ty, € yUETOM BceX TpeOyeMBIX
K03 OHUIMEHTOB CHIDKEHAS TIPOYHOCTH M Koddunmenta nomydectu K2 Ha cpok 114-
120 nmer (ITHCT 318-2018). B ciayuae KpaTKOBPEMECHHOH OLECHKHA NPHUHHUMAETCS
MPOYHOCTE € YYETOM TpPeOYEeMBIX MOHMDKAIONWMX K03(h(UINEHTOB, YUYUTHBAIOIIMX
TOJIBKO (DaKTOPHI, OKA3LIBAIOINIE BIMSHWE B IIEPHOJ] TPAHCIIOPTUPOBKH, XPAaHCHUS H
VKJIaJKH, a Takoke KoahduuneHT nomzyyectu K2 s pacdeTHOrO Cpoka.

245 3HageHme oceBoii  JxkecTkocTH EA  sBiseTcs KO3 QUIUEHTOM
TIPOTIOPIIOHATEHOCTA MEXKIY PACTATHBAIOIINM YCIUTHEM ¥ YAIMHEHHEM (PHCYHOK 30),
€ro TpPUMEHEHHE TPEANONAracT IMHeapu3aluio rpaduka «ycwiue-aedbopMarus.
OceBast )KeCTKOCTB OIPEAEIeTCs Mo GopMyIIe:

EA=F/¢, (38)
rae F — pactarusatoiuee ycunue, KH;

€ — YIUIHHEHHUE, COOTBETCTRYIOMee yeummio F, m.e.
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PucyHok 30 - OceBast )XeCTKOCTb EA Ha rpagmke B 0CAX: pacTArmBaroLLee ycuame -
OTHOCUTeNbHas gedopmauus

lMoBeaeHMe TeoCHHTETUYECKMX MaTepuanoB Mof Harpyskoil, Kak npaBuno,
HENMHENHO, a Be/MYMHA OCEBOW >KECTKOCTU MoApasyMeBaeT fIMHeapu3auuio KpuBOWi
UCNbITaHNA, MO3TOMY BbIGOP BENMYMHLI PACTArMBAIOLWErO YCUIMA AN ONpefefieHms
0CEBOM XXECTKOCTU [O/MKEeH ObITb 060CHOBaH CTEMEeHbK) TOYHOCTW OMWUCAHUA UHWER C
HaknoHoM 1:EA nabopaTOpHOI KpUBOIA.

BbI6GOp pacyeTHOro 3HauyeHUst OCEBOM XKECTKOCTU CBsA3aH C PacHeTHbIM YPOBHEM
HanpsXKeHU i B apMUPYHOLEM 3/1eMeHTe, Y4TO TpebyeT BbIMOMHEHUS NpeABapUTENbHbIX
pacyeToB, a TaKXe CBfi3aH C XapaKTepOM KpUBOI rpaduka ycunue-gegopMauus ans
KOHKPETHOro BMAa MaTepuana M [O/MKEH ObiTb OCYLLECTB/IEH, Ha OCHOBE aHann3a
NabopaTopHbIX UCMbITAHWIA rEOCUHTETUYECKOrO MaTepuna. [1s npumMepa Ha pucyHke 31
NpuBeLeHbl pe3ynbTaTbl UCTbITAHUA TEOCMHTETMYECKOTO MaTepuana u3 noansgupHbIX
HWUTEA C MPOYHOCTbIO Ha paspblB 50 KH/M (OTHOCWUTENbHOE YAAMHEHWE NpU paspbiBe
12,5%).
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PacraruBaiouiee ycunue, kKH/m
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5
YonvHenve, %
Pucynox 31 — Beibop oceBoif skectkocTu EA (ipumep)

J71s TpUBENEHHOTO TpUMepa TONYYEHHl CIACAYIOLME BapHAHTHL  OCEBOM
JKECTKOCTH:
EA (uav) = Fruaw/€aau = 4 KH/M / 0,005 = 800 xkH/m
EA 206y = Faoi/e29, = 11 kH/M / 0,02 = 550 xH/m
EA(5%) = F5%/€5% =18xkH/™ / 0,05 =360 KH/M
EA (np) = Frp/emp = 50 kH/M / 0,13 = 384 xH/m
B paccMOTpeHHOM cllydae NOMyCTHMO BBIOpaTh IJIsl Pacuera OCEBYIO SKECTKOCTh
npu 5% yUIMHEHMH, JHHefiHas 3aBECEMOCTH KOTOpoi obOecrmednt Haubomblne
3HAYEHUS YIUTAHEHHS TPU JIIOOBIX PaCTATUBAIOIMX yeWmmsax (B 3amac). Jns Gonee
TOYHOTO YY€Ta OCEBOI JKECTKOCTH B KOHKPETHOM ITPOEKTE MOTYT ObITh MPHHSTHI IPYTHE
BAapUAHTHL [PU COOTBETCTBYIOLIEM OOOCHOBaHUM, Hampumep, EAjy, @Opu KOHTpoie
OTHOCHTENBHO# Ae(opMariuil B apMUpPYIOMIEM IEMEHTE.
246 B Tex choydasx, KOra 3aBHCUMOCTb «YCHWJIME-YIUIMHCHHE» IS
TEOCHHTETHYECKOTO MaTepHaia UMEET SIBHO BEIDKCHHBIM HEJIMHEHHBINA XapakTep ¢ HE

aNnpOKCHUMUPYETCs JMHUEH, PEKOMEHAYETCS HCIOIB30BAaTh Il pacueTa HENMHEHHOoe
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nosefeHne MNyTeM 3afjaHWs 9TUX MapamMeTpoB B Habope CBOMCTB  3/eMEHTa,
OMMCHIBAIOLLIEr0 apMUPYIOLLYYIO MPOC/IONKY.

Mpn  UCMOMb30BaHWM MATEpPUaNoB W3 MOMUAGMPHBIX HWUTER JonycKaeTcs
Mo/Mb30BaTbCA rpagmKamm, Nogo6HbIMKU NMPUBEAEHHOMY Ha PUCYHKe 32 NS HasHAueHus
MapameTpoB apMUpYHOLLEro 3/eMeHTa No NacnopTHOM MPOYHOCTW. OAHAKO B KaXKAOM
KOHKPETHOM Cflydae Heo6X0AMMO OMpedensaTb ANUTENbHYI MPOYHOCTL Tu, B

3aBMCMMOCTU OT KOHKPETHbIX YCNOBUIA NpoeKTa B cooTBeTcTBMM ¢ MHCT 318-2018.

PucyHok 32 - padvkun ans onpefeneHuns 4AnMTeNnbHOM NPOYHOCTU U OCEBOI XKECTKOCTY,
COOTBETCTBYHOLLMX ONpeAeneHHOM NacnopTHOM NPOYHOCTY ANA NOAN3MPHBIX
maTepuanos

MocnefoBaTeNbHOCTL AEMCTBUIA NP BbINONHEHNMN PacUETOB:

1 B nepBom nNpubAMKEHUN Ha3Ha4YaeTCs apMUpYHoLWas MpOCioiKa C MacrnopTHOW
MPOYHOCTbLIO, Hanpumep, 100 kH/m.

2. B nporpammy BBOAATCS [Ba 06s3aTe/lbHbIX MapameTpa - 0CeBas XeCTKOCTb (41
paccmaTtpuBaemoro npumepa EA3%=600 kH/M) © pauTenbHas  NPOYHOCTb
Tan=46 kHYm.

3. OcyLUeCcTBNAETCA pacyeT HanpshkeHHO-4epOPMMPOBAHHOTO COCTOSHUA W OLiEHKa
YCTOYMBOCTY.

4. Tlo pe3y/nbTaTam BbIYMC/IEHNA KOI((ULIMEHTA YCTONUNBOCTA fieNaeTcs BbIBOL: Mpu
Hel0CTaTOYHOM 3HaveHun KycT BbiGupaeTcs Apyras nacrnoptHas MpPoYHOCTb U
COOTBETCTBYIOLLME el 0CeBast XECTKOCTb EA 1 anuTenbHas NpoyHOCTb Thm, pacyet
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HOBTOPSAETCS [0 MONYYEHUsl BEIMUMHBI Kod(duienTa ycroiumBoctn Ooee

TpeOyeMOro W PABHOTO EMY.

247 llpu BHIIOJIHCHWH MOJEIUPOBAHUS KOHCTPYKIMHA C HCIOJIL30BAHUEM
TEOCHHTETHYECKUX  apMHUPYIOIIUX  MPOCIOEK  PEKOMEHJyEeTCsl  yYMTHIBATH WX
B3aUMOJEHCTBAE C BMEILAKOIMM I'PYHTOM (KOHTAKTHOE B3aUMOJAECHCTBHE DIIEMEHTOB).
Heo0xoauMOCTh y4eTa KOHTAKTHOIO B3aUMOJEHCTBHS OINMpPENENsIeTCS B KKIOM
KOHKDETHOM CJIy4ae Ha OCHOBE COIIOCTAaBICHUS pe3yJbTaTOB pacyera C YUETOM
KOHTaKTHBIX 3JIEMEHTOB M 0€3 HUX.

KOHTaKTHOE B3aMMOJEHCTBHE 3a/1aeTCs MPU MOMOIIM CIIEUUATBHBIX KOHTAKTHBIX
anemenToB (interface), npeAHa3HAYCHHBIX IS pa3phiBa CIUTONIHOCTH KOHEYHO-
SNIEMEHTHON CETKH. DTO 3JIEMEHT HyJECBON TONIIMHBI, OTPKAIOMINI B3aMMOOTHOLICHHE
MEXAy KOHTAKTHBIM HANPSDKCHHEM M OTHOCHTENIBHBIM HM3MEHEHWEM TepeMeIleHHi
BJOJIb KOHTaKTa. [ NOHIKEHHWs NapaMeTpoB B3aUMOJEHCTBUS PEKOMEHAYETCS
3aJaBaTh HYJIEBOE CLEIUIEHUE U KO3(P(ULMEHT TpeHUs tgQ C YUYETOM MOHHKAIOIIETO
koopdumenta R. Bemmumna xooddunueHta TpeHUs ONpenensercs IId KaKIOTo
Marepuaia mo JaHHBIM Opou3BoAMTENs. B ciydae oTcyTcTBUsl HHPOPMALUK MOTYT OBITH
MIPUHSATHI CIEAYIOIIIE 3HAUYCHUS:

- reopelerka B medHe — R=1;

- TEOpeIIETKA B IeCYaHoM rpyHTe — R=0,9;

- TEOTOJIOTHO B TIECYAHOM TpyHTE — R=0,7;

- TEOMOJIOTHO B IIMHUCTOM I'pyHTE — R=0,6;

[TpuMEHEHHE DJIEMEHTOB KOHTAKTHOTO B3aUMOACHCTBHA HEOOXOAMMO TPH
MOJICTMPOBAHUM KOHCTPYKLMH YCUJIEHHs B BHJE TOJNOTEH, YIOKEHHBIX 0€3 yCTpoiicTBa

o0parHOTO aHKepa.
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24.8 OnNTMMM3aLMs NPOYHOCTY apMUPYHOLLEA NPOCNOKN
ANrOpUTM  BbIMOSIHEHUA YUCNIEHHOrO pacyeta [f/1F OLEHKM BO3MOXHOCTM
CHVKEHUA M36LITOYHON NPOYHOCTM apMUPYIOLLMX MPOCMOEK € ucnonb3oBaHnem KM n
YHWBEPCaNbHOMO TUMa MNOBEAEHNS N0 YCNOBUAM APEHUPOBAHUA:

1 MonyuyeHne B nabopaTopuy APEHUPOBAHHLIX, 3P ¢EeKTUBHLIX NapameTpPoB
npoyHocTn (C’ qd) MO TPEXOCHBIM KOHCONMMAMPOBaHO-APeHNpoBaHHbIM (KA) nnn
KOHCOMMAMPOBaHHO-HepeHpoBaHHbIM (KH) ncnbitaHuam.

2. BbINOMHEHWE TMPOBEPKM PacyYeTHOM CXeMbl C WMCMOMb30BaHWEM A1 €Naboro
FPyHTa KOMMMEKCHOW reomexaHuyeckoil Mmogenu (Hanpumep, SoftSoil) u
YHVBEPCaNnbHOro TvMna noBefAeHUs no ycnosmsm gpeHunposanmnst (Undrained A) no
NMPOYHOCTY ANs BepxXHel (3(heKTUBHAA) N HUXKHEN (HeAPEHNPOBaHHAsA) rpaHnLbI.

3. BbIMNONHEHWE PacYeTOB C BapbMpPOBaHWEM BPEMEHEM CTafMAHOCTU OTCbIMKW K
napameTpamu NPOYHOCTW reOCUHTETUYECKMX NPOCOEK.

23.9 lMpumep 3aBUCMMOCTM MPOYHOCTU APMUPYHOLLEA NPOCNOWKMA OT BPEMEHM
BbIJEPXKM MEpBOro C€nos, Ans obecrneveHns ycToiumBocTM Hackinu  (Kyct=1,3)

MoKasaHo Ha pucyHke 33.

PucyHok 33 - MpuMep 3aBUCUMOCTU TPeOyeMOoii NPOUYHOCTY apMUPYHOLLEN NPOCNOKN
OT BPEMEHN BbIAEPXKUBAHUS HUXKHUX CNOEB Hackiny (Noynorapugmmyeckmne
KOOpAuHaTbI)
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25 PeKOMeHHyeMaﬂ NoCJI€AI0BATC/IBHOCTD BBINIOJIHEHUA PACY€TOB

AHanu3 UCXOIHbIX JAHHBIX MPOU3BOAUTCA B IOCICAOBATCIBHOCTH, yKaBaHHOﬁ B

Tabmmie 9.

Tabmumna 9 — ITocaemoBaTENEHOCTE IIOATOTOBKH HCXOIHBIX JTAHHEBIX

;T"H. HcneiTanne ITapameTpst IIpnmenenmue Onucanue
KOMITPECCHOHHEIE 5,
TPEXOCHBIE (KaMepa napamerpsl POP, TIPUPOJIHOE
1 Tun b) K OCR, pacuer HaNpsLKEHHOE
IIOJIEBBIE: HavuaJIbHOM cTaauu COCTOSIHHE
CTAT30HANPOBAHUE, OCR, Ky
JTMJTATOMETP
A* (Ce)
KOMITPECCHOHHEIE K*(Cs)
2 Ere) pacyeT OcaaKH HapaMeTPBl XXECTKOCTH
TPEXOCHEIE B B
TPEXOCHEIE c pacuer MapaMeTphl MPOYHOCTH
3 (KH, HH) u> YCTOHUMUBOCTH B in b
AC,, (na metp o 6
KpELTHAATRA ryGitieD) CTPOMTENBHLIM | HECTAOMIM3UPOBAHHOTO
TIepAOA COCTOSTHHS
pacuer mapamMeTphl MPOYHOCTH
4 TPEXOCHBIE C.o YCTOHYNBOCTH B 3 UL
(KH, K) ’ JKCIUTYaTaUMOHHBIM | CTaOUIM3HPOBAHHOTO
NepHo COCTOSIHHS
Cv MEpBUYHAS U
5 | konconumarmonnsie | (K¢ u Cy) BpeM peasaiim BTOpHYHAA
Ca ocanu KOHCOJIMJalus

Hpu.wuaﬂue: 6ce napayempolr mozym Obmo RONYyYeHbl RO pe3ynbmamam nOME€6sIX UCHLIMAHUIL.

Pacuer IIPOU3BOINUTCA B CHCJIyIOLLlGﬁ OoCJICAOBATCIIBHOCTH .

1. Pacuer IpUPONHOrO  HANPSHKEHHOTO  COCTOSHHSA B COOTBETCTBUM  C
pekoMeH MMy TyHKTa 20.

2. TIlIpoeepka yCTOWYHBOCTH HACHITA B CTPOUTENBHBIM IIEPUON IPOU3BOJUTCS B
COOTBETCTBMM C peKkoMeHjauusMu [3] Oe3 ydera YHpOuHEHHMsS TpyHTa BO BpeMs
BO3BEICHHA HaCHIMM (KOHcepBaTuBHas oreHka). Pacuer HJIC BuimonHsercs B
COOTBETCTBHM C peKOMeHjauuMsaMu nyHkta 21.2 moamyHkr 1 (KoHcepBaTHBHAsI

ouemca). OHpﬁ,E[CHHeTCSI BO3MOXKHOCTb BO3BEACHHUA HACHIIIM HA TOJHYKO BBICOTY 6e3
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MEPOIPUATHH 1O YCUICHHIO (00HOCMAOUiHbIT pacyeT). YCTORUMBOCTD ONPEACNISETCS O
nyHKTY 23.1 moamyHKT 1 (KOHCepBATHBHASI OLIEHKA).
3. MopenupoBaHue BO3BEICHUA HACHIIM € YYETOM TEXHOJOTHMYECKOro rpaduka
mpou3BOAcTBa paboT (MHOcocmaouiinblli PacdeT) B COOTBETCTBHM C IIyHKTOM 22.3
noAnyHkT 1 (reHepauusi u30bITOYHOr0 MOPOBOrO JaBJeHHs). PacueT mpoU3BOIUTCS
BapbUPOBAHUEM UTUTEIBHOCTA MOJCIAPOBAHUS OTCHIIKY HACBHIIM JUIS K&XKIOTO CJIOS,
HIDKHUE CIOM MPEANOYTUTEILHEE OTCHINATh OONee MPOAOKHTENBHOE BpeMs (ITYHKT
24.8).
4. IIpoBepka yCTOMYMBOCTH HACBHIIM B CTPOUTENBHBIN MEPHOA MOCHIE pacdeTa,
VUUTHIBAIONIETO YIPOYHEHHWE TpyHTa (B 3aBUCHMOCTH OT BPEMEHH OTCHINKH)
MIPOU3BOMUTCA B COOTBETCTBHM C MYyHKTOM 23.1 mOANYHKT 3 (OLEHKa YacTHYHO
CTa0HJIH3HPOBAHHOIO COCTOSIHHS).
5. Onpeaensercst BpeMsi KOHCOJMIALMU B 3aBHCHMMOCTH OT BBIODAHHOTO KpUTEpHs
(myHKT 22.2) B COOTBETCTBHU C MOJIOKCHHAMH IyHKTa 22.3 moAamyHKT 2 (pacder
BpPeMeHH KOHCOJIHJANMH) W TNyHKTa 22.4 (mocrpoeHde rpagukoB). DTOT pacder
TTO3BOJISIET OIPEREITUTH CTAOMIH3HPOBAHHYIO (YCIIOBHO KOHETHYTO) OCAJIKY.
6.  IIpoBepka yCTOMYMBOCTH B OKCIUIaTAllMOHHBIH MEPHOA IPOM3BOJMUTICA B
COOTBETCTBHM C PEKOMEHAAUMSAMKM IyHKTa 21.2 moAnyHKT 3 (OLEHKAa BJIHSIHHS
TPaHCNOPTHOH HArpy3KH) U nyHKTa 23.1 MOAMYHKT 2 (0mEHKA CTA0H/IM3HPOBAHHOIO
COCTOSTHMSI ).
7. JlONOJHUTENBHO MOXKET ObITh BEIIOMHEH pacdeT OCAAKU A CONOCTAaBICHHS C
aHATNTHYCCKAM crocobom (6e3 ydera BIMSHUS CIOBHTOBHIX Jedopmanmii cnaboro
TpyHTa B IPOIECCE OTCHIIKA) B COOTBEICTBUM C MYHKTOM 21.2 moamyHkT 2
(BpIUACTCHHE KOHe4HOH ocaakm). [lomyueHHBIE 3THM CIOCOOOM pe3ynsTaTel OymyT
AMETH MEHBIIYIO BEJIMYUHY OCAJIKH [0 CPABHEHUIO C PACUECTOM, YUUTHIBAOIIUM OOKOBBIE
nedopMarym.

Ha pucynke 34 mokaszaH mpuMep BBINOJNHEHUs pacyera B nporpamme PLAXIS,

BKJIIOUAst Bce TPeOyeMBIe MapaMeTphL.
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.J Initial phase r~4~ KOprocedure Qj Staged construction
—(1.1) OTCBINKA HACHINM HA BCIO BBICOTY Q4 cConsolidation Qj Staged construction
Iy MpoBepKa ycTonunBocTy
poBep y 78 Safety L1 Incremental
V22 (Undrained B, C) A A multipliers
y 2 Ortcbinka 1 Q4 consolidation Qj:  Staged construction
< 3 OTCbINKa 2 Q4 consolidation Qj  Staged construction
"0
" 4 OTCbINKa... N 04 Consolidation Q] Staged construction
1 v ]
2 . 1\ [NpoBepKa KpaTKOCPOUYHOI yCTONYMBOCTH Q Safety [11 Incremental multipliers
1.0/ (Undrained A) 0 Ignore undr. behaviour (A,B)
(5) PacueT BpeMeHN KOHCONMAaLMN "7 Eonsolidation 474 Minimum excess pore
i— i pressure
(6) MpUAoKeHWe BPEMEHHOM TPaHCNOPTHON Harpysku 1V | Plastic Qj  Staged construction

0 Ignore undr. behaviour (A,B)

( 7 ) MpoBepKa 0NT0CPOYHOI YCTORUNBOCTY Q Safety Q1 Incremental multipliers
0 Ignore undr. behaviour (AB)

PucyHok 34 - TpumMep nocnefoBaTelbHOCTU pacyeTa 418 MPOrpamMMHOro KoMmnJsekca
PLAXIS

26 O6LMe peKOMeHAaunn no yyeTy JIEHTOYHbIX FeofpeH

26.1 Tlpu CTpoOMUTENbCTBE aBTOMOOW/IbHbLIX [OPOr M APYTUX WHXEHEPHbIX
COOPYXEHU Ha cnabbiX BOJOHACHILWEHHbIX TPYHTax 4acTo BO3HMKAET 3ajada yCKopeHus
ocagKu HaCbIHeVI, COKpaleHNnAa CPOKOB KOHCO/MAaunn cnaboro FPyHTa B OCHOBaHUMN.
O,IJ,HI/IM n3 Hambosee WU3BECTHbIX METOAO0B YCKOPEHUA YNNIOTHEHUA cnaboro FPYyHTa
SIBNSIETCA BepTMKa/ibHOe ApeHupoBaHMe cnaboit Tonwm nyTem o6pas3oBaHUMs Nof
NOAOLLIBON COOPYXEHUS BEPTUKASIbHbIX APEHaXHbIX 3/1IEMEHTOB ANS BbIX0o4a BOfbl,
OTXXUMAaeMOW U3 OCHOBaHUA noa Maccoi HacbInu.

Y CKOpeHUe 0cajKy HacbINM NPOUCXOAUT 3a CHeT COKpalleHUsa NyTn unbTpaunmn
BOAbl, OTXXUMaemon 13 cnaboro FPyHTa nopg BO3,CI,EVICTBVIEM Beca Hacbinun. B HacbIinsax 6e3
reogpeH BpemMsi MPOXOXAEHWUS MOMHOM 0CagKW HacbIM MOXET COCTaBNATb HECKO/bKO
netr, npu nNpuMeHeHUN TeofapeH ANWHa NyTU qamanpau,mm BOAbl 3Ha4YUTENbHO
YMEHbLUAETCA N COCTaBNAET MOJIOBUHY PACCTOAHUA MEXAY reogpeHamMmmn, 4To Nno3BondeT

COKpaTuTb BpeMA NMPOXOXAEHNA O0CaAKWN N0 HECKO/IbKMUX MECALEB. |_|pl/l HEO6X0,£I'I/IMOCTI/I

78



OIM 218.3.120-2020
MOJKET YCTpaMBaThCs JOTOMHUTETBHAS TIPATPY3Ka HACBHIIU CIIOEM IPYHTa, KOTODBIH, B
TIOCTIEAYIOIIEM, HCTIONTB3YETCS A7 OTCHINKH HACHIIH.

26.2 Ob6nacTb NPUMEHEHHUS, TIPUHIAIE BEIOOpa M TPeOOBAHUS K BEPTUKAILHBIM
apeHaMm m3nockeHs! B [3]. IIlar paccTaHOBKM OHPEAENACTCA MO AHAIUTHYECKAM
METOAMKAM, & B XOA€ YHCICHHOTO MOJCIMPOBAHUS IPOM3BOMUTCS OICHKA BIIMSHUS
BEPTUKAILHOTO APEHUPOBAHMS Ha CKOPOCTB OCAIKH U MIPOYHOCTHBIE CBOWCTBA IPYHTA.

26.3 OpHuM U3 OTIMYMNA UYUCICHHBIX PACUYETOB OT AHAIUTHUYECKUX SIBJIETCS
pacmpeencHie M30bITOYHOTO TTOPOBOTO JABJICHUS B CIA0ON TOMIIE, B TO BPeMs Kak B
AHAJIMTHYCCKMX METOAMKAX IIPEAIOJIaracTcsl MOCTOSHHOE 3HAaUeHHe MO Beell IryOmHe
cinost. B 3aBucumoct oT 007acTH (HOPMHPOBAHHS M3OBITOYHOTO MOPOBOTO AABJICHHS
KOPPEKTHPYETCS JUTHHA JAPEH.

26.4 ®akTHYECKH, KOHCONMAALMA TPYHTA BOKPYI OTIAEIBHON BEpPTHUKAIBHOM
JIPEHBI TPOMCXOMUT PaaaNbHO WM TpexMepHO. OIHAKO, METO KOHEUHEIX HJIEMEHTOB
OOBIYHO HACATM3UPYCT YCIOBHE IpPEHAKA B VCIOBHAX IUIOCKOHM aedopmanmm,
paccunThIBas €ro SKBHBAICHTHHINA MOTOK. Kos(duumuent mepexoma W3 TpexmepHOU
3aauM JJIs ONPENEICHUS SKBHBATICHTHON rOPU30HTATIBHON IIPOHHLIAEMOCTH B YCIIOBHAX

IUTOCKOY MOJIETH OTIpeieNseTcs 0 JopMyie:

0.67
ng = m' (39)
TIe N — napaMeTp, onpeaesseMslii mo Gopmye:
n= j—w (40)
rae de ARaMETp 30HBL BOE’)L[CI‘/'ICTBI/ISI7 OnpeaciiIeTCd B 3aBHCHMOCTH OT

BLIOpAHHOM CXEMBI YCTAHOBKH: I kBaapatHoit: D, = 1,13 - [; ana TpeyromsHoit: D, =
1,05+ [, roe / — war paccTaHoBKY; d,, — AMAMETP APEHEL, OTpeaensercs mo Gopmye:

T
rae b — mupuHa reoapeHsl, M;

t — TOMIIMHA €O APEHEL, M.
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Ilpn wncnonb3opanun 3D-mporpamMm, cxeMa BEPTHKAILHBEIX JIPEH BHOCHTCS B
PacUETHYIO CXEMY KaK €CTh, 6€3 HEOOX0IMMOCTH PACCUUTHIBATH DKBUBAJICHTHBIN MTOTOK B

2D. Pac4eTsl BEIMOIHAIOTCS B COOTBETCTBHY C MOJIOKCHUSIMHA pasjena 25.

80



Tabmuna A.1 — O0nacTu NPUMEHEHHS TIOJIEBBIX METO/IOB UCTIBITAHUM

IIpusoxkenune A
(cmpaBo4HOe)
Tabanna moJieBbLIX METOAOB

OJIM 218.3.120-2020

Cratuueckoe Hmasiee
Pesynprar 30HAUPOBAHHE, Koe Kporapuarka | TIpeccnomerp | dumarometp
CPTu 30HAMPOBaH
ue, SPT
Bun TpyHTa +++ + ++ ++ ++
VYron BHYTpPEHHETO — . + +
TPEHUs, @
CreneHb mIOTHOCTH, ID +++ ++ + +
HenpennposanHoe
COINPOTHUBJIEHUE  CHBHUIY, ++ + +++ + +
Cu
Iloposoe nasnenue, U ++ ++
Koo duument ++ + ++ + ++
nepeymiotenus;, OCR
Mopnyne nedopmaru, E ++ +++ +++
Hupexc xommnpecnun, Cc ++ ++ +
KoaddunmeHr it
koHcoguaaimu, Cv
Kosdpduruent 4t
¢uneTpanun, kb
PazxmxaeMocTh + +Ht + ++
Pa3pe3 +++ + +
Ilpumeuanus: «+++» - MeTOn Haubosee NPENNOYTUTENEH, «t+» - Meron IPHUMEHUM,

«+» - METOX MOXET ObITh UCITOJB30BaH B KPaHEM CIIy4ae [Py OTCYTCTBUU APYTOi BO3SMOKHOCTH.
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Ipuioxenne b
(cmpaBo4HOe)
KommniekcHble reOMeXaHu4YecKHue MOIEIH TPYHTA

Tabnuna b.1 — OcHOBHBIE UCIIOIB3YEMBIE MOJEIIN TPYHTOB

Ne Mogenb 0O603HaueHue Kpatkoe onucanue
. . JMHEHHO-yIpyras, THHeitHO-nepopmupyemas, Oe3
Linear Elasti LE
1 car Elastic KPUTEpUs! IPOYHOCTH
JMHEHHO-YIpyras, THHeHHO-1eopMUpyemasi, HaeanbHO
Mohr-Coulom M
2 ohr-Coulomb c TUTACTHYHAS, C KPUTEPHEM NIPOYHOCTU
3 CamClay, Modified CC.MCC | maTposas, ¢ 00BEMHbBIM YIPOUYHEHHEM, HETMHEWHO-
CamClay ’ nedopmupyemasi, 6e3 KpUTEpUs IPOUHOCTH
4 SoftSoil ss IaTpoBasi, C 0OBEMHBIM YIIPOUHEHHEM, HETMHEHHO-
nedopmupyemas, ¢ kpurepuem npouHocti Kynona-Mopa
HardeningSoil,
Hardening Mohr-
ardening Mo HS, HMC, §
5 Coulomb, Modified MMC MIaTPOBBIE MOZENH, HeJUHEeHHO-1eQopMupyemble, ¢
Mohr-Coulomb, HMC’ yIPOUHEHUEM NpY OOBEMHOM C)KATHH U MPH CI{BHTE
Hardening Mohr-
Coulomb
HardenineSoilSmall IIaTPOBbIE MOZENH, HEJTHHEHHO-AeopMupyemele, ¢
6 Geigleral ’ HSS. GHS | YPOHeH eM npH 00BEMHOM CXKATHH M TIPH CIBUTE, C
HardenineSoil ’ y4eToM 001acTH MajbIX HAMPSDKEHHI U yYeTOM
& HePeYILIOTHEHHUS TP Pa3rpyske
7 Sekiguchi-Ohta, 80, SIC, AHM30TPOIIHBIE MOJEIH IS CJIa0bIX IPYHTOB
S1Clay, NGI ADP NGI
3 SoftSoilCreep, SSC. SO IIaTPOBbIe ¢ OOBEMHBIM YIIPOYHEHHEM, YIATHIBAIOIIUE
Sekiguchi-Ohta ’ MOJI3y4YECTh (BTOPUYHAS KOHCOMIALINS)
Simplified VrpomeHHas MOk [1Jisl HeAPEHHUPOBAHHOTO TOBE/ICHUS
. . TPYHTA, CHIMKEHHUS! [IPOYHOCTHU U JKECTKOCTH IPH
nD
9 U Acg;eﬁ:é}éilc UDCAM-S | NMKIMYECKOM HATrPyKeHUU IIIMHUCTHIX TPYHTOB H HIIOB H
Model HaKOILIEHHUs OCTATOUHbIX AeopMaLiiii MPU LIHKIMIECKHUX

BO3/eicTBIsIX (ocHOBaHA Ha NGI ADP).
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(cmpaBouHOe)
IHapamerpst KI'M
Tabmuma B.1 — TlapamMeTpbl MoJeneH, yIUTHIBAIOIMX OOBEMHOH YHPOYHEHUE U
MOJIBYy4YCCTh
Haspanne napamerpa O6o3nayeHue | PasmepHocTh MeTton npoBeICHHsI HCIIBITAHHI.
MonuduumpoBaHHbIi
k03 HULMEHT EPBUYIHOTO A (Ce) - KoMIpeccHOHHbIE HCTIBITAHHS
CKaTHs
MonuduimpoBaHHbIi
k03¢ ULHEHT BTOPUIHOTO k*(Cs) - KomnpeccroHHbIe HCTIBITAHMS
cxarus (HaOyxaHyist)
MonudpuuupoBaHHEIHI
Aduuposa p* - KommnpeccuoHHbIe UCTIBITAHUS
K03 QUUKEHT NON3YYeCcTH
TpexocHoe cxkatue 1o
KOHCOJIUMPOBAHHO-APEHUPOBAHHOMN
VYV nenabHOE ClLIeTIeHHE c klla CXeM€ WU CIBUTOBLIE HCIILITAHUS C
HabII0IEHHEM 32 TOPOBLIM
JaBieHneM 1 aedopManuamMu
TpexocHoe cxaThe 1o
KOHCOJUINPOBAHHO-APEHUPOBAHHOMN
YToJI BHYTPEHHETO TPEHHs Q' °, rpan. CXeMe WY CIABUTOBBIE HCIIBITAHUS C
HaOIIOZIeHNEM 32 TTOPOBBIM
JaBJieHHeM U AedopMausamMu
Kosddunment
by Iloneswie ucnbiTaHust
HEPeYIUIOTHEHNUS! IPYHTa OCR
- KOMHpeCCI/IOHHbIe HUCIIbITAHUA 00
WJIM UCTOPUIECKAs POP .
nasnenuii oite 7 MIla
Harpyska
TpexocHoe cxxaTue 1no
Kosdduument Iyaccona ° KOHCOJMIUPOBAHHO-IPEHHPOBAHHON
TpU pasrpyske " cXeMe ¢ Pasrpy3Koii 1 HabMro IeHHeM
3a 00BEMHBIME ieopMaLUIMU
Ilonesbie HCTIBITAHNUS,
Kosddurment 6okosoro ’
TpexocHoe cxxaTHe obpasua ¢
JIaBJIEHHsI TPYHTA B Ko - .
KOMIeHcauuei 60KOBOro pacIIMpeHust
COCTOSIHHH [IOKOSI
(KO -koHconmunans)
TpexocHOe cxkaTHe Mo
KOHCOJTUIUPOBAHHO-APEHUPOBAHHOMN
Yron nunaraHcuu ] °, rpan. cXeMe WU COBUTOBBIE UCTIBITAHUS C

HaOJIOAEHHEM 3a TOPOBbIM
JaBJIeHHEM U 1eOpMaIUIMHU

Tlpumeuanue: 6 CKOGKAX yKA3AHBI ANLMEPHAMUGHbIE BAPUAHMBI 3AOAHUA NAPAMEMPOE
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Tabmuna B.2 — IlapameTpsl Moneneii, YUUTHIBAIOINX OOBEMHOE M CIBHTOBOE

YIPOYHEHHE

Haspanue napamerpa Obo3Hauenue | PasmepHOCTh MeTo IPOBeAEHNUS UCTTBLITAHUH.
C . TpexocHoe cxarue 1o
H:(gzm”“ MOy 15 Eg‘f)f MIIa KOHCONMAUPOBAHHO-APEHNPOBAHHOI

pManuu (KeCTKOCTH) cxeMe

KacarenpHprii
OIOMETPUYECKULT MOTY b EZ?; MIIa KomItpeccroHHbIE HCTIBITAHNS B ONOMETPE
nedopmariu (SKECTKOCTH)

. TpexocHoe cxarue 1o
Cekyiuii MOLyJIb -
re(opmary (ecTKOCTH) gres MiTa KOHCOJ’II/II[I/IpOI‘BafIHO-I[pEHI/IPOBaHHOI/I

ur CXeMe C PasrPy3KOi MM KOMIIPECCUOHHBIE
TIpH pasrpyske HCTIBITAHNSA B OOMETPE C Pasrpy3Koi
TpexocHoe cxxarue 1o
KOHCOJIMANPOBAHHO-IPEHUPOBAHHO
VnenbHOE ClemIeHHe c klla CX€M€ WJIN COBUTOBBIE MCIIBITAHUS C
HaOJII0IEHNEM 32 TOPOBDIM IaBJIEHHEM U
JnehopManusImMi
TpexocHoe cxkaTue no
KOHCOJIHAHPOBAHHO-IPEHHUPOBAHHOMH
Yroa BHYTPEHHEr O TPEHUsI (p' °, rpan. CXEM€ UJIH CABUI'OBBIC UCMBITAHUS C
HaOJIIOIEHNeM 32 MTOPOBbIM IaBJIEHHEM U
nedopmanusiMu
TpexocHoe cxkaTue no
Koa¢puuumenr [Tyaccona v % KOHCOJMAHPOBAHHO-IPEHUPOBAHHOM
TIpH pasrpyske ur CXEME C Pas3rpy3Koii U HAOMOIEHHEM 3a
00BEMHBIMU nedopMaLsIMu
IToneBble UCMBITAHUS,
Koadpdpument 6oxkoBoro ’
" TpexXOCHOe cxkaTue obpasma ¢
HQBIICHUA TPYHTa B Ko ) komreHcarmeit 6okoeoro pacummpenus (KO
COCTOSTHUH ITOKOsT
-KOHCOJIHAALINSA)
Koopummert oC ITonesble NCTIbITAaHUS
TICpEYyIIIOTHEHIS IpyHTa R - KoMNpecCHOHHEBIE HCTIBITAHHUS 10
WJIH KCTOPUYECKAst POP nasieHuii sbime 7 MITa
Harpyska
TpexocHoe cxxaTue no
CTeneHHOI 1IOKa3aTelb KOHCOJIMANPOBAaHHO-APEHUPOBAHHOMN
33BHUCHMOCTH 3KECTKOCTH m - CXeMe MPH Pa3IUYHBIX GOKOBBIX
OT YPOBHSI HAIPSKEHHIA JABJICHUSIX MM KOMIPECCHOHHBIE
HCTIBITAHHUS
TpexocHoe cxatue 1no
KOHCOJIMAMPOBAHHO-IPEHUPOBAHHOMN
VYron qunarascun ] °, rpan. CX€M€ HITH CABUTOBbIE HCITBITAHHS C

HaOJIOZIEHHEM 3a TIOPOBBIM AABJICHHEM U
nedopmauusmMu
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MpunoxeHwne I
(cnpaBo4HOE)
Mpumep onpegeneHns NPUPOSHOro HaNPSAXEHHOr0 COCTOAHMSA

[ns npumepa Ha pucyHke I.1 nokasaH rpyHTOBbI paspe3 C HaHEeCEHHbIMU
rpagkamMyM  ObITOBbIX HanpshkeHWd W ONpeAeneHHbIX AN KaKAOro cnos B
KOMMPECCMOHHBIX WCMbITaHWSAX (CrpaBa) 3HAYeHWIA [JaBNEHUS MpPeBapUTE/IbHOIO
YNIOTHEHUSA Op.

KomMnpeccnoHHble
Kpusble

PucyHoK I" .1 - JINHWUM 6bITOBbIX HaNPsHKeHW (1) 1 UCTOPMYECKUX HANPSHKeHWA (2) no
rny6uHe (a) U CXemaTu4Hble pe3ybTaTbl KOMMPECCUOHHbIX NCMbITaHWI B
nonynorapuMmnYecKoii Wwkane ans kaxgoro cnos (6)

[Janee pns cpegHell rny6WHbl KaXAOro CNos  ONpefenstoT  KoahduumueHT
nepeynnotHeHns OCR (5) n cooTBeTCcTBYIOLLEE 3HAYEHNE KO3thduumeHTa Ko (10):
- A/1s NepBOro ciost
OCR _a& :353: 31
80
KO = 0.54n/311 = 0.95
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- AJ1d BTOPOro Cjios

0CR—200—125
160

Ky =0.54v1.25 =0.6

= AJ1A TPETBETO CJ10s

OCR—270—103
T 260

Ky, = 0.54v1.03 = 0.54
OmnpeneneHHbIe TakuM 00pa3oM 3HaYCHHs KOIPOULUUEHTA NEPEYITIOTHEHHUS] BHOCSTCS B
cootBercTBytomyo KI'M rpynTta mns kaxmgoro WUI'D, amropa ko3d¢puumenta OCR

MoKa3aHa Ha pucyHke ['1.
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IIpunoxenue /{
(pexoMeHyeMoe)
Bu160op MoaeJieii 1 mapamMeTpoB pacuera
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Ta6mura /1.1 — PekoMeHAaum 1o COBMECTUMOCTH MO/IENIEH rPpyHTa, TUIIOB TIOBEACHUS M MTApaMETPOB pacuera

Mogems
Pesymerar Tun noeeacHus Tum pacuera rpyHTa Brmsaaue mapamMeTpoB MpOTHOCTH IMpumeuanue
Koneunas ocanka | JpeHupoBaHHbIH 1) HAC (Plastic) LE pe3ynpTaTsl OJIM3KHE K AaHATUTHICCKUM TOYHOCTD 3aBUCHUT OT CTENCHH
(ans (Drained); METOJaM PacueTa ¢ MOCTOSHHBIM pasieaeHus CI0eB Mpu
COTIOCTaB/ICHHUS C VHUBEpCATbHBIIH Moayiem aedopmanun u 6e3 ydueta HA3HAYCHUM MOXY IS
AHATTUTHYCCKUM (Undrained A) + Ignore GOKOBOTO OTXKATHL. aedopmanmm.
pacycTom) undrained behavior
MC IIpu ncnoIp30BaHIM HAYATBHBIX
napaMeTpoB MPOUHOCTH (Cra, Puax)
SS 3ABBILIACT OCAJKY; IPH HCIIOIb30BAHHH B
stdextuBHbIX (C’, @’ ) 3aHIKACT OCAAKY
HS (HE y9uTHIBaCT CABHrOBbIE AedopManuu u | ~
60KOBOE OTXKATHE CIA0BIX TPYHTOB).
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[Tponomxenue Tadbmuts 1

Mogaens
Pesyaprar Tun noBeacHUA Tun pacuera rpyHTa Brusiaue napamMeTpoB mpoOYHOCTH IMpumeuanue
Ocanxa u Bpems VHuBepcapHbIi 1) Ans varpyxenus - HIAC MC 3aBBIITACT COMPOTUB/ICHHUE CABUTY B TouHOCT 3aBHUCHUT OT CTECIICHH
KOHCOTHMAALTNN (Undrained A) (Plastic), 2) st BELICPKKH - HECTAOUITN3HPOBAHHOM COCTOSHUM pasaeieHs CI0EB PpU
KOHCOJIHAALMS (se06x011M KOHTPOIIB) HA3HAUCHUM MOTY IS
(Consolidation). acdopmanuu. Tombko
KoncepsarrBHas oneHka. 3¢ deKTHBHBIC TAPAMETPHI
npounoctu C, ¢’
SS ITonyuaembic BEICOKHE 3HAMCHHUS Tonpko addexTusnre
U3OBITOYHOTO TIOPOBOTO AABIECHHUS mapametps! npounoctu C’, ¢,
HS SaHMXAKT MPOYHOCTD, BCIUYHMHA OCAIKH
BO3PACTaCT 3a CUCT OOKOBBIX
gedopmanmii.
1) ns HarpyxeHus u MC 3aBBIIACT COMPOTHUBIICHUC CIIBUTY B ToYHOCTD 3aBHCHT OT CTEICHH
BBIICPKKHU - KOHCOJIH TALIUS HECTAOMIIN3UPOBAHHOM COCTOSIHHM pas3jeieHus CIOEB MpU
(Consolidation) (HEeo6X0 M KOHTPOJTE). HA3HAYCHHH MOYJIS
zedopmauun. Toabko
3¢ deKTHBHBIC MAPAMETPHI
npouroctu C’, @’
SS Hawu6onee noaxoasinuii BapuaHT Tonbko sddexTuBHbIC
napamerps npounoct C’, ¢
HS Hawnb6onee moaxonsaunuii BapuaHT
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Mogaens
Peaymerar Tun noseaeHus Tun pacaera rpyHTa Bausanaue napaMeTpoOB MPOUYHOCTH ITpumeuanue
VcroituuBocTs JpeHupOBaHHEIN 1)Harpyxenue - HIC MC Bce Mozenn uMeroT 0JHHAKOBBbIH KonTtpons xonuuecTsa maros
(Drained) umu (Plastic), 2) ycToHUHBOCTE xputepuit npoanoctu Kynona-Mopa. AT JOCTIDKCHUS MOCTOSHHOIO
VHUBEPCATbHBIH (Safety)+Ignore undrained SS 3Ha4YCHUA Kod(duLmeHTa
(Undrained A) ¢ ormume#r | behavior K=Kyct
Ignore undrained behavior HS
HenpenuposanHsrit 1) Harpyxenue - HIC MC BoInOnHSETCS A7 CONOCTABICHUS C Iloposoe masneHue
(Undrained B, C) (Plastic), 2) ycToiuuBoCcTh pe3ynbTaTaMu pacucToB II0 HEKOPPEKTHOEC, PacucT
Koncepsarusnas onenka | (Safety)+Ignore undrained s AHATUTHYCCKAM 3aBUCHMOCTSIM KOHCOJTUJALIAU HE BBITIOTHAETCS
behavior
YHusepcanpHbIH 1) Harpyxenne - HIC MC 3aBBIIAET CONPOTHUBICHUE CABUTY B KonTtpoas kommdecTsa Maros
(Undrained A) (Consolidation), 2) HECTAOUITH3UPOBAHHOM COCTOSIHHH JJISL JOCTIDKCHHS OCTOSIHHOTO
YCTOMYHUBOCTD (HEOOX0 MM KOHTPOB). 3Ha4eHus ko3 puEcHTa
(Safety)+Ignore undrained - K=Kycr
behavior SS Haunbonee moaxonsuuii papuant
HS Hawunb6onee mogxoasumii BapuaHT
TpaucnopTHas JpeHupoBaHHBIi HJIC (Plastic) mocne pacuera | MC, SS, - -
Harpyska (Drained) wnu BPCMCHH KOHCOJH AN HS

HEPCHUPOBAHHBII C
onuwueii Ignore undrained
behavior
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