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Mpeoucnosune

1 PA3PABOTAH Hekommepyeckum napTHepcTBoM "Accouunaumst npodPeccMoHanbHbIX MAPOTEXHMUKOB
"Nnpopeytpanc” (HIN "Accounaumns "I mnpopeytpaHc")

2 BHECEH TexHuyecknm kommnteTom no ctaHpgapTtudauun TK 032 "BoaHbin TpaHcnopT”

3 YTBEPXIOEH W BBEOEH B JOEWNCTBUE Tllpukazom PenepanbHOro areHTCTBa MO TEXHUYECKOMY
perynnposaHnio n metponorun ot 10 gekabps 2019 r. N 1367-ct

4 BBEJEH BINEPBbIE

lNpasuna npumeHeHns HacTosuero craHgapTa yCcraHoB/eHbl B cTatbe 26 denepanbHOro 3akoHa ot 29 MioHA
2015 r. N 162-d®3 "O craHmaptm3aumu B Poccuiickoin Depepaunn”. MHgpopmaumsi 06 N3MEHEHUSIX K HACTOSILUEMY
craHpapty nybnavkyeTcsi B eXXerofqHoM (Mo CoCTOSIHWIO Ha 1 sHBaps Tekywero roga) MHGOopMaUmoHHOM ykasaresne
"HauvoHanbHble cTaHaaptbl’, a ogouUNaIbHbIVI TEKCT U3MEHEHWV 1 MOoMpaBokK - B €XeMeCSIYHOM UHGPOPpMaLNOHHOM
ykasarene "HaumoHanbHble craHaoaptel”. B cnydae nepecmotpa (3ameHbl) wiau OTMEHbI HacTosuwero craHgapra
coorBercTBytouee yBenomneHne bynet onybnukoBaHo B OMXKaWEM BbirlyCKe €XEMeCSYHOro MHEOPMAaLMOHHOMo
ykasarens "HauwoHanbHble craHgaptbl”. COOTBETCTByOWAS WHGPOPMAaLMS, yBEAOMIEHUE U TEeKCTbl pPasMeLllarorcs
TakKXe B MHGPOPMaUMOHHOM cucteme obLEro rnoib30BaHNs - HA ogouUmManbHOM carite dPenepanbHOro areHTcTsa rno
TEXHUYECKOMY PEerynupoBaHuo N METPOIorum B cetu VIHtepHet (www.gost.ru)

BBenpeHue

MpuMeHeHne HacToswero ctaHaapTa obecrneymBaeT BbINONHEHNE TPeOOBAHWA TEXHNYECKMX PErnameHToB [1] 1

[2].

1 O6nacTb NpUMeHeHus

1.1 Hacrtoswwuiz ctaHOapT ycTaHaBAMBaeT OCHOBHble TpeboBaHMs K pacyeTam oblieit yCToYMBOCTM 06BHEKTOB
WHOPPACTPYKTYPbl BHYTPEHHEr0 BOAHOIO TPaHCMopTa, CBA3aHHbIX C YCTOMYMBOCTLIO TPYHTOBbLIX MACCMBOB, a TakXe K
MCXOAHBIM OaHHbIM A/ pacyeToB U NPOrpaMMHOMy obecrnedeHnto Npu NPOeKTMPOBAHMN HOBBIX U PEKOHCTPYMPYEMbIX
06BEKTOB U X 3KCMnyaTaumu.
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MonoxeHns HacToswero ctaHnapTa MoryT ObiTb MCMONMb30BaHbl NpY pacyeTe oblWwei yCToRYMBOCTM 06 BHEKTOB,
He OTHOCSMXCSA K MHAPPACTPYKTYpe BHYTPEHHEr0 BOAHOrO TpaHcnopTa.

1.2 [JetanbHble TpeboBaHusl K pacyetam, WCXOAHbIM [HOaHHbIM ONS HWX W KOMMbIOTEPHbIM MporpamMam
nanaratoTcs B COOTBETCTBYIOWMX HaUMOHANbHbIX W OTpacneBblX CTaHgapTax W cBogax npaswun, a TakXe B
WHCTPYKUMSIX MO MPUMEHEHUIO NMPUOOPOB M WHCTPYMEHTOB [LNS WHXEHEPHbIX M3biCKaHUiA UM K MPOrpamMMHOMY
obecrneyeHunto pacyeTos.

1.3 HacTosiwmit cTaHOapT pacnpocTpaHsieTcs Ha cnenyowme o6 bekThl:

- puYanbHble 1 Opyrue HabepexHbole;

- MOANOPHbIE CTEHbI, B TOM YXCNE, CTEHbl KAMeP WO30B;

- MNOTUHBI,

- OTKOCbI FPYHTOBbIX MNOTWH, Aamb, OrpaanTeNbHbIX COOPYXKEHWIA, HACbINEl N BbIEMOK;

- BeperoykpennTenbHble COOPYXEHNS NIOObLIX TUMOB Y KOHCTPYKLNIA;

- €CTECTBEHHbIE CK/OHbI.

1.4 Hactoawmin cTaHgapT npefHasHayeH K MpuMeHeHWo Ha Tepputopum  Poccuiickon ®enepauun

ropnon4eckmmmn  nmuamm (I/IHLI,VIBI/I,EI,yaJ'lebIMVI I'Ipe,D,I'IpVIHVIMaTeJ'IﬂMI/I) He3aBUCMMO OT OOpPM CcOBCTBEHHOCTN 1
NoOYNHEHHOCTMW.

2 HopmaTtuBHble CCbIIKK

B HacToswWweMm cTaHaapTe UCNONb30BaHbl HOPMAaTUBHbBIE CCbINKW Ha Cneayowmne JOKYMEHTbI:

FOCT 12248 pyHTbl. MeTOAbI NabopaTOPHOro ONpeneneHns XxapakTeEPUCTMK NPOYHOCTU N AECPOPMUPYEMOCTH
FOCT 20276 "pyHTbl. MeTobl NONEBOro onpeaeneHns xapakTepucTK NPOYHOCTM U AecbopMmpyemMocTu

CIM 14.13330.2014 "CHwl1 1I-7-81* CTponTtenbCTBO B CEACMUYECKNX paioHax”

CIM 22.13330.2011 "CHwul 2.02.01-83 OcHoBaHMS 30aHUIA 1 COOPYXEHMA"

CIM 23.13330.2011 "CHwul1 2.02.02-85" OcHOBaHMS rmapoTEXHNYECKNX COOPYXKEHNIA"

CIM 58.13330.2012 "CHwul1 33-01-2003 NmapoTexHuyeckne coopyxeHns. OCHOBHblE MONOXeHUS"

CIM 116.13330.2012 "CHwuI 22-02-2003 VHXeHepHasa 3awmTta TepPUTOPUIA, 30aHWNA 1 COOPYXEHUIA OT OnacHbIX
reonormnyeckumx npoueccos. OCHOBHbIE MONOXEHWS NPOEKTUPOoBaHNSA"

MpumeyaHve - MNpy NONb30BaHWM HACTOSIWMM CTAHOAPTOM LienecoobpasHo NpoBepuTb OEWCTBME CChINOYHbIX
CTaHbapToB (CBOLOB MpaBwuf) B MHMOPMAUMOHHOW cucTeme oOWero nonb30BaHUS - Ha oduuManbHOM caite
®denepanbHOro areHTCTBa No TEXHUYECKOMY PErynnpoBaHnio U MeTponornm B cetn NHTEepHeT nam no exeronHomy
MHGOOPMALIMOHHOMY yKasaTtento "HauuoHanbHble cTaHaapThbl", KOTOPbIA Ony6nMKoBaH MO COCTOSIHUIO HA 1 sHBaps
TeKkywero roga, v Mo BbiNyckaMm €XEeMeCSYHOro MHGOPMaUMOHHOro ykasaTtens "HauvoHanbHble cTaHbapThl" 3a
TekywWwuin rod. Ecnm 3aMeHeH CCbINOYHbIA AOKYMEHT, HA KOTOPbIA faHa HegaTUpoBaHHas CCblika, TO peKoMeHayeTcs
NCNoNb30BaTb AENCTBYIOWYIO BEPCUIO 3TOr0 OOKYMEHTA C YYEeTOM BCEX BHECEHHbIX B AAaHHYIO BEPCUI0 U3MEHEHWIA.
Ecnn 3amMeHeH CCbINOYHbIA OOKYMEHT, Ha KOTOPbIA faHa AAaTUPOBaHHAas CCblfka, TO PEKOMEeHOyeTCs UCMOMb30BaTb
BEPCUID STOr0 [HOOKYMEHTa C YyKasaHHbiM Bblle roAoM YTBepXAaeHus (npuHaTtus). Ecnm nocne yTeepXAaeHus
HaCTOgWero craHgapTta B CCbIIOYHbIA OOKYMEHT, Ha KOTOPbIM gaHa datupyemas CCblfika, BHECEHO W3MEHEeHMe,
3arparvBatoliee nonoXeHne, Ha KOTOPOe AaHa CCbinka, TO 3TO NOMOXEHUEe PeKOMeHAyeTCs nNpuMeHsaTb 6e3 yyeta
LaHHOro U3MeHeHUsi. ECnn cCbiNoYHbIli LOKYMEHT OTMEHEH 6e3 3aMeHbl, TO MOMNOXEHNE, B KOTOPOM JaHa CCbinka Ha
Hero, peKkoMeHayeTCcsa NPUMEHATb B 4acTU, He 3aTparusatoLleli 3Ty CCbIKy.
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3 TepMuHbI 1 onpeaeneHns

B HacToswem CTaHOapTe npuMeHeHbl cnenyrowme TepMnHbl C COOTBETCTBYOWNMIN onpeneneHnsamn:

3.1 MeTon pacueTta o6Lue YyCTOMYUBOCTM BapuaLMOHHbIN: MeTon pacyeTa, KOTOpbliA, MCNONb3Ys NMPUHLMMLI
BaApUaLMOHHOIO MCYUCNEHUS, NO3BONSIET C Y4ETOM 3aaHHbIX OFPaHWYEHUA aHANMNTUYECKN UM YUCNIEHHO HAXOAWUTb
MOBEPXHOCTb B FPYHTE, COOTBETCTBYHOLLYIO MUHUMYMY YCTONYMBOCTU (MOBEPXHOCTb CKOMbXEHNS).

3.2 mogenb reonornuyeckas: YcCrnoBHoe rpacdpuyeckoe n3obpaxeHue NUMTONOrMYEcKOro CTPOEHMS MaccuBa
rPyHTa C BbIOENEHUEM WHXEHEPHO-reonornyeckmx anemeHToB (MIMD), coOBMelWweHHOE C ruaporeonornyeckon
MOJENbIO, Ha KOTOPOI NOKa3aHbl yPOBHU FPYHTOBbLIX BOA, MONOXEHME BOLOYMNOPOB M NPoYee; HEOT bEMIEMON YacTblo
reonornyeckoin Mogenm SBNAOTCA PU3MKo-MexaHnyeckne csoncts UIM3.

3.3 Mmomenb reomexaHuuyeckas: YcrnoesHoe rpadpunyeckoe nsobpaxeHue (pacyetHasi cxema) Ha BepTuKalbHOM
paspese NMTONOrMYecKoro CTPOEHNSI MaccyBa rpyHTa C BblAENIEHNEM PACYETHbBIX F€0NIOrnMYeckux anemMeHToB (PIrd).

Mpumeuyarnne - PM3 moryt kak coenamatb ¢ U3, tak n Bkaoyatb 4actm UM, obnapawowme ocobbiMu
cBoiicTBamu, unu o6belduHATb Heckonbko WIS ¢ 6nmM3kuMu MexaHmyeckumun ceoiictBamu. B PO moryTt 6bIThb
BblAENEeHbl KOHTaKTHble ocnabneHHble 30Hbl, 30Hb UMD ¢ pasnuyalowmmmics ynenbHbiMu Becamu un ap. [pu

BbloeneHun PO yunTbiBaoTCA TakxXe TpeboBaHMS UCMONb3yeMbIX KOMMbIOTEPHBIX NPOrpaMM K CTPYKTYPE UCXOIOHbIX
LaHHbIX, yno6cTBO 06paboTky cepmn OOHOTUMHBIX 3aaady U T.4.

3.4 obLwasn ycTtonumBocTb 06bekTa: CocTosiHME, NPV KOTOPOM 06 EKT HAXOAUTCS B CTATMYECKOM PaABHOBECHM.

3.5 noteps obwen yctonumBocTM obbekTta: CABWr MM ONpPOKMAbIBaHWE OO6bekTa BCNEeACTBME MOTEpU UM
CTaTMYeCcKoro paBHOBECKSI.

4 O6Lwme NnonoXxeHns

4.1 MeToabl pacyeTta obLiei yCTONYMBOCTH OONXKHbI MO3BONSTL YYMTbIBATD:

- Hanuuve B npepenax cron3aklowero obbema rpyHTa UCKYCCTBEHHbIX COOPYXEHWUl (HabepeXXHbiX, 3a4aHui,
MPOTUBOOMON3HEBBLIX COOPYXEHWIA 1 Mp.),

- faBfieHne ounbTpylolein Boabl,
- ceicMmyeckoe Bo3OencTeume.

4.2 B HeobxoanMbIX Cryyasix METOAbl pacyeTta LONXHbl 06ecneynBaTb onpeneneHe onon3HeBoOro AaBNeHNs Ha
NOANOPHbIE CTEHbI, CBau 1 Opyrve 3arnybneHHble B FPYHT KOHCTPYKLMK.

4.3 Obwas ycTonYMBOCTb OTHOCUTCS K MEPBOI Fpynne npenenbHbIX COCTOSHUIA.

[Mpn aTOM B pacyeTax NPMHUMAIOTCA MPOYHOCTHbIE XapakTEepPUCTUKN FPYHTOB, onpeaeneHHble C 0OHOCTOPOHHEN
noBepuTenbHo BeposATHOCTbO 0,95, M KOIMPPULMEHT HAAEXHOCTM MO OTBETCTBEHHOCTM y,>1 (Ha cTaguu

NPOEKTUPOBAHNS) UK y, =1 (MPU KOHTPOJbHBIX pacyeTax Ha CTaaun UHXEHEPHbIX N3bICKaHWIA).

I'IpMMeanme - OnbIT NokasblBaeT, YTO BbIMNONHEHNE 3TUX yCJ'IOBVII?I o6ecneq|/|BaeT, Kak npasunno, n OoTcyTcTeune
onacHbIX ﬂ,eC*)OpMaLI,VIVI nnacTn4eckoro xapakrtepa, CBA3aHHbIX C rPyHTaMI.

4.4 Pacuetbl cnenyet npoBoOUTb MPU pacCyYeTHbIX HArpy3kax W pacdYeTHbIX XapakKTepucTtukax rpyHToB WU
marepumnanoB Ucxogsa N3 ycnoeus
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v <1eR, (1)

n

roe F - pacyeTHoe 3HayeHne 0606WeHHOro CUIOBOr0 BO3AENCTBUS (CYMMbI CiNl, MOMEHTOB CUN),
R - pacyeTHoe 3HayeHve 0606LEHHOro CONPOTUBNIEHNS (CYyMMbl CIT, MOMEHTOB CUN);

Y1 - KOI(PPULIMEHT coYeTaHNs Harpy3ok,
Y.~ KO3 PULMEHT YCNOBMiA paboThbl,
Y, - KO3(PPULMEHT HAOEXHOCTN NO OTBETCTBEHHOCTH.

4.5 KoadbpuumeHTsl v,,, v, U v, npuHumaiotcsa no CIM 22.13330.2011; CI1 23.13330.2011; CI 58.13330.2012;
CIn 116.13330.2012.

KoagphmumeHT coyeTtaHusi Harpysok y,, B COOTBeTCTBUM ¢ TpebosaHusimm CI 23.13330.2011 npuHSAT 06wmMm
MHOXUTENeM K F TONbKO Npu pacyeTe rmapoTexXHNYecKnx coopyxeHuii. MNMpu aTom vy, =1 - AN OCHOBHOro coyeTaHus

Harpys3ok u BoageicTsuin, 0,9 - Ons ocoboro (KpoMe ceiicMmyeckoro Bo3sgelcTeus), 0,95 - Ons Harpysok u
BO3LENCTBUIA CTPOUTENbHOrO W PEMOHTHOro nepwogda. llpu cencMmyeckol Harpyske Ha YpOBHE MNPOEKTHOro
3emnetpsaceHus (M3) rogosoint BeposATHocTbio 0,01 u MeHee - y,.=0,95; npu CENCMUYECKON Harpyske YpPOBHSA

MakcmManbHoro pacyeTtHoro 3emnetpsceHuns (MP3) - y,.=0,85.

4.6 Ha ctaomm npoekTUpOBaHWS pacyeTbl BbINOMHSATCS LS OCHOBHOMO M 0COOOro covyeTaHusi Harpysok u
Bo3nencTBuii. KOHTPONbHbIE pacyeTbl Ha CTaAUW WHXEHEPHbIX U3bICKaHWIA BbIMOMHSOTCA TOMbKO 1S OCHOBHOIO
coYeTaHus Harpysok.

Insa BPEMEHHbIX COOPY>XEHWUI pacyeTbl Ha ocoboe coyeTaHue Harpy3okK nonyckaeTtcs He npoBOAUTD.

OcHOBHOe couyeTaHue BKMIOYAET TMOCTOSHHbIE W BPEMEHHble AONUTENbHble Harpy3kuM, a TakXe OfHy
KpaTKOBPEMEHHYIO Harpy3ky.

Ocoboe covyeTaHve BK/IOYAET TMOCTOSHHbIE W BPEMEHHbIE AJIMTENbHbIE HArpy3kyW, a TakXe OfnHy
KpaTKOBPEMEHHYIO 1 0AHY 0COBYt0 Harpysky.

K ocobomy coueTaHuio Harpy3ok 1 BO3AENCTBWIA (Hapaay C ApYrmMun) cnenyet OTHECTU BO3MOXHOE CHUXEHUE CO
BPEMEHEM MPOYHOCTM FPYHTOB MOJ CABUralollelt Harpyskom.

4.7 PacyeTbl 0bLeit yCTOMYMBOCTY NPOBOAAT ANS BEPTMKAIbHbBIX PACYETHBIX CEYEHUIA. VX pasmepbl, KONMYEeCcTBO
N pacronoXeHne 3aBUCAT OT KOHCTPYKLMM U NMPOTSAXEHHOCTM 00bekTa, 0T KOHKPETHbIX MHXEHEPHO-reonorndeckmx
YCNOBWIA, PACNONOXEHNS HA CK/IOHE COOPYXEHWA, 0T cTaaun NPoeKkTUpoBaHns 1 ap. PacyeTHble ceuyeHns 3apatTcs
Mo HanpasfIEHUIO O0XWUOAEMOro OMON3HEBOro CMeleHns, B TOM 4Yucie, No HanpaBneHUo MakCUManbHOro nageHus
OTMETOK 3EMHOI MOBEPXHOCTM 1 KPbIWK KOPEHHOro rpyHTa. OHM MoryT ObiTb Kak MPSIMOMIMHENHbIMK, Tak 1 cnabo
WCKPUBNEHHbIMW B MnaHe. Pa3Mepbl 1 MONOXEHWE pacyeTHbIX CEYEHWU OOMXHbl MOMHOCTbIO OXBaTblBaTb 06nacTb
BO3MOXHbIX OMON3HEN.

4.8 PacyeTbl 06wWeli yCTONYMBOCTY BIMONHAIOTCS A1 FeOMEXaHn4eckmx Momaenei.
4.9 PacyeT obLuei yCTONYMBOCTH BbINONHSAETCS ANS YCNOBWA NNOCKOR MM NPOCTPaHCTBEHHON 3aaayn.

Mpw pacyeTe OTKOCOB M CK/IOHOB, Kak MPaBwno, OONMXEH OblTb ONPeaensiownm pacyeT ONs YyCNoBWiA NNoCKoi
3a4a4v ons Hauxyawero npocpuns.

Mpu atoM Ons ocoboro coyeTaHUsl Harpysok pacyeT obuWer YCTOMYMBOCTM BbIMONHSETCS TONMbKO Kak Ans
YCNOBWUI NMIOCKOM 3anayu.

MpocTpaHCcTBEHHYI0 3ajadvy cnefyeT paccMatpuBatb, eCnv MOMEPEYHOE CEYEHUE COOPYXEHUS, Harpyskum Ha
MOBEPXHOCTW UK B MacCuBe rpyHTa (ounbTpaUnoHHOE OaBNeHne), reonornyeckne yCnoBus CyLleCTBEHHO MEHSIIOTCS

BHuMaHwue! [IoKyMeHT B cuny He BCTYyNua BHuMaHwme! lokyMeHT opuumansHo nsgaH. Cm. "Ctatyc" JoKyMeHT NpUBOANTCS C TEKCTOM
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Ha ONVHE [, <3B WM [ <3(H +1t) NepneHanKynspHo Kk obpasyiowei cknoHa. 3hecb: B - COOTBETCTBEHHO, ANVHA

COOPY>XEHWS NN NMPOTSAXEHHOCTb BAO/b CKIOHA 0XWOAEMOro OMoNaHs, H - BbICOTa OT OTMETKM NPOEKTHOro AHa A0
BEpXa COOPYXeHWs (HanpuMep, nns HabepeXXHbIX) MK BbICOTA CMON3AOWEro 0TKOCa UK CK/OHA, t - MakCcuManbHoe
3arnybneHune NOBEPXHOCTU CKOMbXEHNS HUXE NMOAOLWBbLI OTKOCA NN CKIOHA UNK 3arnybneHne CoopyXeHus (lWnyHTa)
OT OTMETKM NPOEKTHOro AHA NPU PELIEHNUN NAOCKON 3a8ayu.

MpuMeyaHus

1 PacyeT Mo NMpoCTPaHCTBEHHOW CXEMe MMeeT 3HayeHWe, eCniM HeYCTOWYMB MacCyB rpyHTa, MPUMbIKAOWMWA K
pPaccyYMTLIBAEMOMY COOPYXEHMIO UM CK/IOHY, N MOTEPS MM YCTOWYMBOCTM MOXET 3a4eTh 3alMLaeMoe COOpYXEHNeE.

2 MpvHUKMN pacyeTa yCTOMYMBOCTM ANS YCNIOBUIA NMPOCTPAHCTBEHHOM 3a0a4u NpBedeH B NPUIoXeHnn A.

410 PacuyeTbl 06Wei yCcTOWYMBOCTM, KaK MpaBuno, cCregyeT BbIMONHATb METOAaMu Teopuu MpeneNibHOro
paBHOBECKSI, OCHOBAHHbLIMU Ha NMoucke Hambonee onacHbIX NMOBEPXHOCTEN CKOMbXEHWs Nobol (OopMbl, OTAENAOWMX
COBUraeMblii MacCuB rpyHTa OT HEMOABUXHOTO.

411 Ons ornpeneneHus yCTOMYMBOCTU PEKOMEHOYeTCs MCMNonb3oBaTb TaK Ha3blBaemble "MeToObl HaKNOHHbIX

cun-:

a) OcHOBHOIN MeTo[, B KOTOPOM MPOBEPSAETCA pPaBHOBECUE rOPU30HTa/bHbIX COCTABNSAOWMX CUN, OEACTBYOINX
Ha cOBUraemblii MaccuB rpyHTa npw nNocTynaTeNbHOM nepemeleHnn. ANropuTM pacyeTta npuBeneH B npunoxexHun b;

6) KoHTponbHbln MeTog onst o6bekToB | 1 |l KnaccoB nNpu OTHOCMTENBHO HECOXHOW reonorMyeckor Mogenu,
OTCYTCTBUM cnabblx MPOCNOEK M NPOYEro, B KOTOPOM MPOBEPSIeTCS PaBHOBECHE MOMEHTOB CU MPW BpallatebHOM
nepeMeLLeH Mo KPyriounInHapnYeckoin NoBepXHOCTU. ANropuTM pacuyeta npmeedeH B NpunoxexHun B.

[MpumeyaHus

1 Bce npumeHsieMble MeToAbl pacyeTa obuweit yCTORYMBOCTA MOXHO OTHECTU K [IBYM OCHOBHbIM Fpynnam:

- MeToAbl, UCXOAAWME U3 NPEANONIOXEHNS O HANMMYMM B MACCMBE rPyHTA MOBEPXHOCTEN, NO KOTOPbLIM MNPONCXOANT
nepeMelleHne OAHOMW 4acTM MaccvMBa OTHOCUTENbHO APYroi (MOBEPXHOCTEN CKOMbXEHWUS), M OCYLWeCcTBAsowme
NPOBEPKY 3TOro NpeanonoxXeHuns. B aty rpynny BXo4sT U "MeToAbl HAKNOHHbIX CU";

- MeToObl, B KOTOPbIX WUCCRedyeTcs Hanpsi>XXeHHOoe WM HanpsXeHHO-AedOpMMPOBaHHOE COCTOSIHME Maccusa
rpyHTa n coopyxenus.. OHu TpebytoT 6onbworo obbema UHGOPMALMN O MEXaHWYecKOM MOBEAEHUWN TPYHTOB U
MaTepuanoB COOPYXEHWA, KOTopas He MOXET OblTb MOMyYeHa MPOCTbIMU CPEACTBaMu, HO rnaBHoe - 06 mMcTopuu
3arpyXeHusl, 4To B 6ONbIUMHCTBE peabHbIX C/ly4aeB HEBO3MOXHO.

2 OnblT nokasbiBaeT, YTO, Kak MpaBuio, HET HeobXoAMMOCTU CTPEMUTbCS K 0COBO TOYHLIM U TEOPEeTUYECKM
CTPOrMM MeTodaMm pacyeTa YCTOMYMBOCTU, TaK Kak TOYHOCTb pes3ynbtata 0bOblYHO He MOoLKPENieHa TOYHOCTbIO
onpeneneHnst NCXoAHbIX AaHHbIX HA OCHOBAHUWM WMHXEHEPHO-reonornyeckux mccnenosaHuin. Korga xe Mbl MMeeM

[eno ¢ 0OTHOCUMTENbHO Hegoporumm coopyxeHusmu Il v IV knaccos, BO MHOrMxX ciy4Yasix BnosiHe NpuemMnemMo BMeCTo
pe3ynbTaToB HEMOCPEACTBEHHbIX UCMbITAHWIA FPYHTOB UCNONb30BaTh AaHHbIE aHaNOrOB.

4.12 KoathpmumeHT yCcTONYMBOCTU onpeaensetcs no doopmyne

kst = YCR /(YnYICF) ’ (2)

roe v., R, v,, v.., F- T0 Xe, 4to 1 B coopmyne (1),
a Kputepuem obecneveHns yCTONYNMBOCTI KpOMe OCHOBHOIO Kputepusi (1) ssnsietcsa ycnosume

kg >1. 3)

413 Tllomck B MaccuBe rpyHTa MNOBEPXHOCTU C MakCuMMasbHbIM 3HayeHueM pasHocTu E =y, F-vy.R/y,,
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COOTBETCTBYIOWENA MUHUMYMY YCTOMYMBOCTU (MOBEPXHOCTU CKOJMIbXEHWS), SBASETCA MHOrOSKCTpemanbHON
BapuMauMOHHOW 3ajayeil, pelweHne KOTOPOW C OOCTaTOYHOW HaOeXHOCTbIo BO3MOXHO TOMbKO MO Mnporpammam,
rapaHTVpyiowWmM HaxoX AeHre rnobanbHoro akctpemyma E.

OT0 03HayYaeT, 4To Ans pacyeTa obLWeR YyCTONYMBOCTU, KAk NPaBunIo, OONXKHbI UCMNONb30BaThCA BapUALMOHHBIE
MEeToLbl, NMO3BOMSIOWNE HAXOAUTb B MACCMBE TPyHTa MOBEPXHOCTb /06O (POPMbI, COOTBETCTBYIOWYI MUHUMYMY
YCTONYNBOCTN.

Mpn 3TOM LONXHO Y4YNTbIBATbCS BO3MOXHOE HanMume Kak OAHOMW, Tak W HECKOMbKMX HEeyCTOWYMBBLIX 30H B
paccMaTpuBaeMOM MaccuBe rpyHTa.

MpvmevaHve - BapuaunoHHas 3apaya novcka Hauxynwer NOBEepPXHOCTM CKOMbXEHUS pewaeTcs pasfnuyHbiMU
cnocobamn. OcHoBHasi TPYOHOCTb 3ak/iyaeTcs B noucke rnobanbHOro 3SKCTpeMyma, rapaHTUPYHOLWero
NpaBWIbHOCTL peleHnsl MocTaBneHHoW 3agadn. [ns 3Toro MCrnonb3ylTcs MPUHUMMbLI Teopun "nnaHMpoBaHus
3KCTpeManbHbIX 3KCMEePMMEHTOB", AMHAMMYEeCcKoe NporpamMmMmpoBaHune 1 ap.

4.14 PacueT obLleil yCTONYMBOCTM BLINMOMHAETCA AN FEOMEXaHWYECKO MOLENU MaccvBa rpyHTa (pacyeTHoi
CxeMbl) B cooTBeTCcTBUM € 5.3, 5.4.

4.15 B pekomeHoyemMOM MeTOoAe pacyeTa MacCUB T[PyHTa, OrpaHUYeHHbIi BO3MOXHOW MOBEPXHOCTbIO
CKONMbXEHWs, pasnensieTcss MAoCKOCTSMU Ha 3neMeHTbl (6noku), B3aMMmodencTBylowMe Mexay coboi no
BEPTMKAsbHbIM MW HAKJIOHHBIM rpaHuLaMm, Kak nokasaHo Ha pucyHke b.1. HacTb Takmx rpaHvl, MOXeT npeactaBnsiTh
"BHYTPEHHIOI MOBEPXHOCTb CKOJbXEHMS", HA KOTOPOW BbINOMHSAETCA yCnoBme npenenbHoro pasHosecus KynoHa-
Mopa.

4.16 B pacyeTax cnefyeT ncnonb3oBaTb Nporpammel, oTBevarowme tpebosaHnsam pasgena 5.

B 0TBETCTBEHHbIX Cyyasx LenecoobpasHo OAMH U TOT XE pacyeT BbIMONHUTL C MOMOLBK NPOrpaMM pPasHoro

NMPOUCXOXAEHNS W BbINOMHUTDL YMNPOWEHHbIA MPUKUAOYHBIA pacyeT 6e3 uUCrofib30BaHWA MNporpamMMm C Uesbio
UCKNIOYEHUS TpyDObIX oWwnboK.

5 TpeboBaHUS K MCXOOHbIM AaHHbIM, METO4AaM pacuyeTa U Nporpammam

5.1 1ns pacyeTa obuwei ycTOMYMBOCTU HEOHXOAMMO pacnonaratb CAeayOWNMA UCXOLHBIMU AaHHBIMK:

a) Tonorpagmn4eckoin CbeMKOn MECTHOCTM, Kak npasmnno, B MacwTtabe 1:500 nnu kpynHee;

6) WHXEHEPHO-Te0NOrMYECKON (NTONOMMYECKON) MOAENbI (FEONOrMYECKMMM  paspesamun), MO3BONAOLEN
npeacTaBuTb OOBEMHYIO KapTWHY HamnnacToBaHWA TPYHTOB, BKJOYasi ocnabneHHble 30Hbl, MO0XEHNEM
XapakTepHbIX YPOBHEN BOAbI B FPYHTE W NpunerarwLlen aksaTtopuu;

B) nokasaTensamMy U3nMKo-MexaHN4eckmx CBOWCTB TPYHTOB (yOeNbHbIA BEC, €eCTeCTBEHHasl BNaXHOCTb,
KO3(PPMLMEHT MOPUCTOCTW, Yron BHYTPEHHEro TPEHWS W yAenbHOoe CUEenfieHne) C y4eTOM UX M3MEHEHUS CO
BPEMEHEM 1 MOA, HAarpy3KoW, NONYYEHHbIMU C y4eToM TpeboBaHuii 5.5.

r) cBeleHWsMu 06 OMON3HEBLIX SBMAEHMSX HA paccMaTpvBaeMoM U Onuanexawmx K Hemy ydactkax (no
BO3MOXHOCTM C [aHHbIMW, MEPEYNCNEHHbIMA Bblle, ONS NPOBEAEHNS KOHTPONbHbIX pPacyeToB), OMMCaHMEM
NPOSIBNEHMNI ONON3HEBOr0 Penbeda: LMPKOB BbIBAMIOB, OMNON3HEBLIX OYrpoB, 30H pacTekaHus n op.;

[) napameTpamy CENCMNYHOCTY parioHa;

e) cBedeHNAMN O NOCTOAHHbBIX N BPEMEHHbIX Harpyskax;

) PacroNoXeHNEM 1N XapakTepUCTUKOWM UCKYCCTBEHHBIX COOPYXEHW (MOAMNOPHbIX CTEH, CBalHbIX nonei, Tpyo,
30aHuiA, TpaHwWwen, Jopor v ap.);

3) OnMMCcaHVeM MPOLECCOB, BAUSIIOWMX HA M3MEHeHUe penbedpa (abpasuu, 3po3uu, cyddo3nm), B TOM Yucne
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TEeXHOreHHbIX;

M) DaHHbIMM O OPYrux dpaktopax, yxylwarowmnx oblyl yCTOMYMBOCTb O6bekTa (Hanuyinm nm pacnonoXeHun
BOLOEMOB W OONOT Ha BbLICOKMX OTMETKaX, MONOXEHUM W COCTOSIHAM HAarOpHbIX KaHaB W APYrMx IOpeHaXHbIX
YCTPOIACTB, MapameTpax W pacrnofioXeHWN BUOPALMOHHbIX YCTAHOBOK, WCTOYHWKOB XWMWUYECKOro W TEmnnoBOro
3arpasHeHuns cpedpl 1 ap.).

5.2 NHXeHepHble M3biCKaHWS, Ha OCHOBAHUWN KOTOPbLIX CPOPMUPYIOTCS UCXOAHblE OaHHble ANS pacyeToB, Kak
npasnno, NONXHbI UM HENOCPEACTBEHHO NPEAWeCTBOBATh, UX AABHOCTb HE LOMXHA NPeBbiWwaTh 0AHOr0 roaa, 4To He
WCKNIIOYaeT 4acTMYHOrO WUCMONb30BaHWs 6oniee cTapbiX AaHHbIX MPW YCNIOBUM WX COOTBETCTBYHOWEN MPOBEPKM
(akTyanusauun).

5.3 Ha ocHoBaHWM aHanMaa reonornyeckoin Moaen AONXHbl ObiTh BbiSBNEHbI BOSMOXHbIE HAMPaBNEHWS cABUra
(nonoxeHne B MnaHe pacyeTHbIX CTBOPOB), Ha3HayeHa WMPUHA pacyeTHbIX MOJNIOC, PacyeTHble MexaHu4eckue
XapakTePUCTUKN FPYHTOB, @ TakXe WX yAeNbHble BECA B 3aBUCUMOCTY OT NONOXEHUS OTHOCUTENBHO YPOBHS BOLbI U
np. 91a MoLenb WCnonb3yeTcs Ans paspaboTkyM reoMexaHW4eckon MomLenu MaccvmBa rpyHTa, koTopas MoXeT
BKNIOYATb MpPEeNBApUTENbHbIE pacyeThbl (MaTeEMATMYECKOEe MOLENMPOBAHWUE), MOBTOPHbIE WCNbITAHUS 06pPa3LoB
rMUHUCTOrO FPYHTA NPU Pa3nnMyHO BAaXHOCTH, UCMONIb30BaHNEe AaHHbLIX aHANoroBs 1 np.

5.4 [etanuaauus reomMexaHn4eckorn MOJenn Maccusa rpyHTa QOOJIXKHa Y4uTbiBaTb pealibHyl0O TOYHOCTb
NHXEHEepPHO-reonornyeckmnx N3bICKaHWUIA. anI 9TOM He [OOMXHbl BbiTb onyuweHbl nnn obbeauHeHbl ¢ apyrmmm
NHXEHEePHO-reonornyeckne 3aneMeHTbl, Baudloumne CyuwecCTBeHHO Ha yCTOVI‘-II/IBOCTbZ TOHKMeE, cnabble I'IpOCJ'IOVIKI/I
rPYHTa, NNH3bl, NTOBEPXHOCTW CTApbIX COABUATOB 1 Np.

5.5 MeTonbl pacyeta M Mporpammbl LOMXHbI OblTb afanTypoBaHbl K OTEYECTBEHHOW HOpMaTuBHON 6ase u
MeTo4aMm MoJy4eHNs NCXOOHbIX AaHHbIX, TaK Kak OHW MHOr4a UMEIoT CYLWEeCTBEHHbIE OT/INYNSA B pa3HbIX CTpaHax.

Mpex e BCero aTo 0THOCUTCS K METOAAM ONpeaeneHns MPOYHOCTHBIX XapakTepPUCTUK FPyHTa (B YaCTHOCTK, yrna
BHYTPEHHEro TPEHUSI ¢ U YOENbHOro CLENNEHUs ¢ - MeTOOOM cpe3a).

PekomeHpauuun no onpeneneHnto pacvdeTHbIX XapakTepPUCTUK FPYHTOB NpuBeOeHbl B NPUNIOXEHUN I.

5.6 Pe3ynbTatbl pacyeToB LONXHbI BblTb MOHATHBI M y6eanTenbHbl ANns 3akasynka. OHU JONXHbI BbITb HAr NS AHO
NpPeacTaBneHbl C UCMONb30BaHNEM KOMMbIOTEPHOMN rpagoukm.

OTyeTHblE MaTtepunanbl OONXKHbI obsizaTenbHO cogepXaTtb WCXOoAHble OaHHble, MO3BONAKOWME BbINOHATb
KOHTPO/bHbIE pac4eThbl.

[MpumeyaHus

1 Bce nporpamMMbl MOXHO OTHECTU K ABYM 6onblwuM rpynnam: 1) 0OTHOCUTENBHO YHMBEPCANbHbIE U 2) NPEAMETHO
OPUEHTUPOBAHHBIE, KOTOPbIE MPUMEHSIIOTCS B MPOCThLIX Cyyasix (Lns pacyeTta, Hanpumep rabuoHHbIX KOHCTPYKLMWIA 1

np.).

K nepeoit otHocatcs nporpammbl cepuin RUST, kRUST u psag gpyrux, ynosneTtBopsitolwmx TpeboBaHMsM
HacTosiWwero craHgapTa. OTWM NporpaMMbl MMEKT pPasBMTYI0O CUCTEMY KOHTPONS WCXOAHbIX AaHHbIX, 6osbloe
KONMNYECTBO 3NEMEHTOB "OpYXEeCTBEHHOro" uHTepgeica. PesynbTaTbl pacyeToB BblAAIOTCSA B TEKCTOBOM pefakTope
Word v B rpachuueckom ACAD.

2 lMporpammbl cepun RUST, pewatoT BapmalMOHHYIO 3afadvy rnoucka Hauxygwen noBepXHOCTU CKONbXEHWS
NMPON3BONbHOA (POPMblI AN ONpefeneHns YCTOMYMBOCTW MaccusBa rpyHTA COBMECTHO C COOPYXEHMEM npu
nocTynaTenbHOM MepeMelleHnn, a TakxXe AN onpefeneHns [aBfeHUs rpyHTa Ha BepTUKaNbHYK pacyeTHYHo
NMoBepxHoCTb. Jlnsa aToro uCnonb3yetcs OOUH W3 YUCIEHHbIX METOAOB AUHAMUYECKOro NPOrpaMmMupoBaHus,
obecneyvBaloLWnii [OCTATOYHO TOYHOE PELIEHNE MHOTOIKCTPEMAbHOM 3a8ayu.

3 lMporpamma kRUST-51 npepHasHayeHa Ans BbINONHEHUS pacyeToB YCTOMYMBOCTU B Cyyae NoBopoTa 4acTu
MaccvBa rpyHTa no KPYriouMavHOPUYECKOl MoBepXHOCTU. [Mporpamma OCyWecTBASET WX MONHblA nepebop c
onpefeneHHbIM WaroM Mo ropu30oHTanM W BepTUKanu, C MNOMOLbID KOTOPOro pewaetcs MHOro3KCcTpemanbHas
BapraunoHHas 3afaya W BbISIBAATCA Kak rnobanbHasl, Tak v fokKanbHble NOBEPXHOCTU CKOJMbXeHus. MNMporpamma
kRUST-51 paboTaeT Ha TOM X€& MaccmBe NCXOOHbIX OAHHbIX, YTO 1 Nporpammel cepun RUST.
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MpunoxeHune A
(pexkomeHoyemoe)

PacuyeTt ycTonuMBOCTM AON151 YCNIOBUMA NPOCTPaHCTBEHHOW 3aAaun

A.1 PacueT yCTOM4MBOCTM ONS YCNOBWIA NPOCTPAHCTBEHHOM 3agayn MPUMEHUTENbHO K €CTECTBEHHOMY CKJOHY
BbIMONHAOT CrneayowmnM obpasom.

a) BbioensioT Ha paccyMTbiBAEMOM CKIOHE Psf MONOC, B Npeaenax KoTopblX reonornyeckne yCrnoBus, Harpyskun un
KOHCTPYKLUMWN yOEPXMBAKLWMX COOPYXEHUA MOXHO NPUHATb OAUHAKOBLIMU. BbIMONHAIOT ANng BCex NOnoc pacyeT no
CXeMe MIockom 3agayv. ANropuTMbl pacyeTa npyueedeHbl B npunoxeHusax b n B.

Ecnun Bce nonocsl no pacyeTty YCTOI7|LWIBbI, TO HA 3TOM pacyeTbl 3aKaH4YMNBaKOTCA.

6) Ecnn ecTb HeycToiuMBblE MOMOCHI, TO ANS MOMOCHl C HaUMEHbILEA YCTOMYMBOCTBIO (MEPBOW, j=1) HYyXHO
OnpeaennTb MakcumasnbHble CUMbl COMPOTUBAEHWS MO GOKOBbIM MOBEPXHOCTSM R, jiy, ;, KOTOPblE MOryT ObiTb

nepefaHbl Ha NpuMbIKawoLwWwme K Hel Nonochbl.

Ecnn nna obecneyeHus YCTON4YMBOCTU MEepBOW MOJOCHI Tpe6yeTcsl AOononHunTeNnbHasa cuna conpoTMBNEHUA

Rg,(j-1y ¥ He cobniofaeTcs ycnosue
Rey(j=1) < Reptim(j=1)> (A.1)
TO OHa 3aBefoMo ByneT HeycTolumMBa.
Ecnu ycnosue (A.1) cobniogaeTcs, To Ha cocedHio (BTOPYLO, j=2) MONOCY MOXHO nepegaTb cuny
Forj=) = 0.5R g j-1)- (A-2)

Ecnu BTOpas nonoca ¢ y4eToM 3TOMN CUlbl yCTONYMBA ( R, ;-2 = 0), TO CK/IOH MO 3Ty CTOPOHY OT NEPBOIA NO/OCHI
OyneT yCTOMYMB M HY>XKHO aHanornM4yHo NPOBEpUTb YCTONYMBOCTb NONOCHI C APYrov CTOPOHbI OT NEPBOMA.

Ecnu He cobniogeHo ycnosuve

Rgr._/ < Rgr.lim._/ ’ (A3)

TO MOXET MPOU30NTY NOTEps YCTOMYMBOCTH, a Npu cobnoaeHnn ycnoems (A.3) MOXHO nepenaTtb Ha COCEOHIO0
(TpeTbto, j=3) nonocy cuny

Forj = Regr(j-1)>

(A.4)

NpOBEPUTH €€ YCTONYMBOCTb U T.4. (CM. Bblwwe).

B) Ecnn B pe3ynbTaTe okaxeTcs YTO COOpY>XEHMEe MW CKIOH MO OAHY CTOPOHY OT NEepBOi NMONOChl YCTONYMB, a
Nno OPYryto HEeT, TO HYXHO YMEHbWWTb WWPWHY MOMOC WM MEPEMECTUTb MONOXEHWE MEPBON MONOCbI B CTOPOHY
HeyCTOMN4YMBOW MONOCHI U MOBTOPUTL pacyer.

CoopyXeHne unu cknoH 6yayT ycToWYMBbLI, €CM HU AN OOHOW M3 nonoc npu j>1 He ByaeT HapylWweHo ycnosue
A.3.

A.2 Pa3mep OMon3HA MO WWPWHE OMNpendensieTcsl rpaHvuaMmu nonoc, Haubonee ymnaneHHbIX OT MepPBOR, Ons
KoTopbix He cobnmoaaeTcs ycnosme (A.3), ecnv Ha j-to nonocy nepenasatb oT (j-1)-oli cuny

F,.=R HO He Bonee R

gr.J gr(j-1)>

(A.5)

gr.lim(j-1) -

A.3 lNMonoxeHune oceli Nonoc B nnaxe, Kak npasunno, BbI6VIpaeTCFI BAOJIb CKNOHA. I'IpV| 9TOM nosioca MoxXxeT bbITb U
Hel'lpﬂMOﬂI/IHeI7IHOI7I, a wnpuHa ee lj - HeoguHakoBoi. OgHako NCcKkpmeneHna B nnaHe M N3MEHEHUA WUPUHbI He
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LOMXHbl ObITb Yype3MepHbIMA: OO0JTXHbI I'Ipl/l6)'II/I>KeHHO cobniopaTtbest yCNnoBUS NNOCKOM aedoopmauun.

Ecnn npeononoxuTenbHO M3BEeCTHA MOBEPXHOCTb CKOMbXeHus ("3epkano chsura"), cBs3aHHas, Hanpumep ¢
MOBEPXHOCTbIO MPOYHOr0 KOPEHHOrO rPyHTa, cnaboi NPOCnoiKo U Tak fanee, TO NMoNoXeHUe 0CK NMOMOChl LOMKHO
6bITb BbIGPAHO elle N BLONb CK/IOHA 3TOW MOBEPXHOCTMU.

A.4 lMpenenbHas cuna conpoTMBAEHMS MO BGOKOBOWN MOBEPXHOCTW CABUraloWeincsl Nonocbl ONpenenseTcs no
3aBUCKMOCTU

n
Rgr.lim.j = ZRgr.lim.i ’ (A.6)
i=l1

FO€ Ry jim.; -~ NPEAENbHOE CONPOTMB/IEHUE N0 BOKOBOM NOBEPXHOCTN /-T0 3IEMEHTA MPU3Mbl CKOJb XEHUS!, 3aBUCslLEe

OT njowann MOBEPXHOCTMW, yrna BHYTPEHHEro TPeHWsi U cuenneHnsl Ha Heill 1 OOKOBOro AaBNEeHWs MOKOS; N -
KONMYECTBO 3N1EMEHTOB B MPU3ME CKOJIbXEHUS.

A5 Cunbl TpeHus LonyckaeTcs ONpenensTb Kak MpOU3BEeLEHVE FOPU30HTaNbHOW COCTaBASIOWEA OaBneHUs
rpyHTa, AeficTBylolEero Ha 60KOBYIO MOBEPXHOCTb NMPU3Mbl CKOMbXEHMNS, HAa KOIDULIMEHT TPEHUS, PaBHbIi tgp, (roe
@; - Yron BHYTPEHHEro TPEeHWs rpyHTa no OOKOBOA MOBEPXHOCTU MpuaMbl 06pylweHuns). Cunbl cuenneHus
NPVHUMAIOTCS PaBHBIMU MPOWU3BEAEHMNIO YOENbHOrO CUENNEHNS FPyHTa Ha nnowanib yyactka 60KOoBOW MNOBEPXHOCTU
MPU3Mbl CKONbXEHWS, B MNpeaenax KOTOpOM yuuTbiBaeTcs cuenneHve. Kak npasuno, gaeneHue Ha 6GokoBble
MOBEPXHOCTY cneayeT NPUHUMAaTb PaBHbIM AABNEHUIO MOKOS.

A.6 BenuunHa Heobxoammoii [Ans obecrnedyeHus yCTOMYMBOCTW MOMOCHI CUMbl  COMPOTUBNEHUA R, ; W
nepenaBaeMoit COCeaHel Nonoce B BUAE CUNbl Fy,(;,1) ONPefenseTcs no copmyne

Rgr,j = Fgr(j+1) =VieF =V R/ e (A7)

MpunoxeHue b
(pekomeHaoyemoe)

I'IpOBepKa paBHOBeCcus cun npu nocrtynaresibHOM nepemMeLwleHuun

B.1 PekomenpoBaHHbIli B 4.11, @) MeToL onpeaeneHus obuiei yCToMYMBOCTU, HA3bIBAEMBIA "METOLOM pacyeTa no
NIOMaHbIM MOBEPXHOCTAM CKOJIbXEHUS", MOXeT ObiTb OTHECEH K rpynne MeTodoB "HakNOHHbIX cun". B metone
NpoBepseTcs pPaBHOBECWE TrOPW30OHTANbHBIX COCTaBAAOWMX CUN AN Maccusa rpyHTa (NMPU3Mbl CKOJbXEHNS)
OrpaHVyeHHOro npepanonaraemMol MOBEPXHOCTbIO CKOMbXeEHUs. PaBHOBecvMe BepTUKanbHbIX COCTaBASIOWMX CWN
BCerna BbiNONHAETCS U He TpebyeT NpoBepKy.

MpumeyaHne - Tak Ha3blBaeMble MAOCKWMA, CMEWaHHbIA W rNyOVHHBIA COBUMM SIBASKOTCS YacTHbIMU ClyvasimMu
noTepu yCTONYMBOCTHU "MO NOMaHbIM NOBEPXHOCTSAM CKONbXEHNS".

b.2 B paccmaTpvBaeMoM MEeTOLe MacCuB FPyHTa, OrpaHWYeHHbIi BO3MOXHOM MOBEPXHOCTbIO CKOJbXEHUS,
pasfnensieTcs BepTMKanbHbIML NNOCKOCTSAMY HA 3NEMEHThI, KaK 3T0O NnokasaHo Ha pucyHke b.1, Takum 06pasom, 4Tobbl
B OCHOBAHMUW KaX[oro anemMeHTa 6bi1 0OQHOPOAHbIA FPYHT, U OCHOBaHME 3/IEMEHTA MOXHO ObifI0 MPUHSATL MIOCKMM.
luprHa pacyeTHbIX 3SNEMEHTOB b; MPU3Mbl CKONMbXEHUS [LOMXHa ObiTb Takoil, MpPU KOTOPOA ApanbHewwee

YMeHblleHne b, He NpMBOANT K CYLLEeCTBEHHOMY N3MEHEeHN0 pe3ynbTaToB pacyeTa.
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1- NOBEPXHOCTb CKOJIbXEeHUA

PucyHok B.1 - Cxema k pacyeTy obueii ycTORYMBOCTY NPY NOCTYNaTeNbHOM NepemMeLleHnn

Lns kax4oro aneMeHTa BblYNCNSETCS 3HAYEHME FOPU30HTA/IbHOW COCTaBASIOWEN Cunbl AE,; Mo doopmye

G; —c:b;[tg(o; +@:]+ctgo;]-1;
AE),; =— ltlg[Bg(Jr ;g(;pll(p )g 2k + Fi + AEjscism) - (b.1)
i i i

MpenBaputenbHO 3Ha4yeHMe O0606OWEHHOrO CWNOBOrO BO3AENCTBMS (COBUrawmoWein cunbl) F, W 3HaYeHue
0606WeEHHOr0 CONPOTUBNIEHUS (CWbI COMPOTUBNIEHUS) R, BbIYUCIAIOTCS MO 3aBUCMMOCTSIM:

F, = S AL, . (6.2)
i=1

ny
:l 'z:lAEhi‘r + Rgr(n) + Rgr(n) + Rg " (53)
i=

rae AE, , = AE,; CO 3HAKOM MJoC;
AE); , = AE,;,;CO 3HaKOM MUHYC;

mW n, - KOJIMYECTBO 3/IEMEHTOB COBUralolWEerocsa Maccmea rpyHta, ons KoTopbix AE,; nmeeT COOTBETCTBEHHO
NnoNnoXunTenbHoe nnu oTpmuatenbHoe 3Ha4eHne,

Ry)W Rgy - CUMbI COMPOTMBAEHMS NO NEBOW U NpaBoi GOKOBbIM MOBEPXHOCTSIM MPU3Mbl CKOMbXEHUS B
npegenax ;-ro anemMeHTa (CM. npunoxeHue A); LN yCNOBWIA NIOCKOA 3a4a4v CUNbl Rg,(ny N Rgpqry PaBHbl 0;

R,- CyMMa rOpPU3OHTANbHbIX COCTaBASIOWMX CUN COMPOTMBNIEHWNS KOHCTPYKTMBHBIX 3/1EMEHTOB (cBaii, Tpyo,

apMUPYIOWNX CETOK W MNp.) MpU MEepeceyeHnn MX MOBEPXHOCTbIO CKONMbXEHWUS, €Cnu 3TW CWibl He YYTeHbl B
YCTOMYMBOCTN 3M1EMEHTOB (OnpeneneHne Cun R, aHKepytlowyx CBai, WyHTOB UAW OPYrUX 3NEMEHTOB COOPYXEHUs

COBUry NpvBeAeHO B NpunoxeHun 1);

G;- BEC i-T0O 3NIEMEHTa MaccmBa rpyHTa, C y4eTOM ero WHPUHbI /;, U1 HAarpy3oK Ha ero noBepxHocTw; npu G;<0
npuHumaetcsa G;=0;

®; N ¢; - YroOn BHYTPEeHHEero TpeHnsa 1 yaenbHoe cuenneHne rpyHta B OCHOBaHUM ;-ro SNeMeHTa;

b; - lIMPUHA dNEeMeHTa,

BHuMaHue! [JokyMeHT B CUJly He BCTynua BHMMaHue! [lokyMeHT ouumanbHo nsgaH. Cm. "CtaTtyc" lOKyMEeHT NPMBOANTCA C TEKCTOM
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT



FOCT P 58740-2019 BHYTpeHHWIA BOLAHbIV TpaHCMopT. O6beKTbl MHMPaCcTPYKTYpbl. PacyeTsl obLieln ycTon4nBocTu. OCHOBHbIE CtpaHunua 11
TpeboBaHma
lNpumeHseTcs ¢ 01.07.2020

a;- Yron Mexay BepTukanbio U NNOCKOCTbIO OCHOBAHUS 3/1IEMEHTA, OTCYMTbIBAEMbIA NPWU CABUre cnpasa Haneso
Mo 4acoBOW CTpesnke, HO B pacyeTe MPUWHMMaeMbIii, Kak npasuno, He 6onee (173° - ¢; - B;), 4TOBbI HE MONY4UTb

HeonpaeaaHHO HOMbWKX CUA CONMPOTMBIEHNS NN CMEHbI 3HAaKa 3HameHaTens B cpopmyne (b.3) Ans yaepXuBaowmx
3/IEMEHTOB;

B,- Yron HaknoHa Cu/i B3aMMOAENCTBUS MeX [y /1EMEHTaMN NMPU3Mbl CKO /b XEHUS;
1;- CPeAHSIS WMPWHA PACYETHOM NONOChI; At MNOCKOM 3aAadu 06bIYHO NpuHUMaeTes 7;=1 M;
F,,;- CyMMa ropn30HTaNbHbIX COCTaBSAIOWMX CUN, AENCTBYIOWMX HA SNIEMEHT,
Fri = Fopi + Fyi + For(n) + Fgruy s (b.4)

Fyy;- TOPU3OHTANbHasa COCTaBMSAOWAA CUMbl CyMMapHOro AaBfieHNs OUAbTPYIOWEn BOAbl (OnpeneneHne Fyy,
npuseaeHo B npunoxexHmmn X);

F,,;- TOPU30HTaNbHas cocTaBnsowas cuibl AaBneHns cBo60OHOM BOAbl HA MOBEPXHOCTb 3N1EMEHTA, Bbi3BaHHAS
celficMMYeckMM BO3OENCTBMEM (oMpepeneHvne F,; npuseaeHo B npunoxeHuu E); npu oTtcyTcTBMM ceiicma unam npu
CeNiCMUYHOCTN MeHee 7 6annos - F,,;=0;

ForyW Fgyny - TOPU3OHTANbHbIE COCTABNSIOWME C CABUIa MO NEBOV 1 MPaBoi 6OKOBLIM MOBEPXHOCTSAM MPU3Mb
CKONMbXXEHWS B Npefenax i -ro anemeHTa (CM. npunoxeHve A); LNs yCNoBUIA NNOCKOMA 3aAa4n Fg.y U Fg.qy pasHbl 0;

AEp(seismy= €N LOMONHATENbHOrO  CEACMWYECKOro  AaBneHust  (onpeneneHne AEjgesm) NPVBEAEHO B
npunoxeHun E); npu oTCyTCTBAN CEACMUYECKOrO AaBIEHWUS UM MPU CEACMUYHOCTN MeHee 7 6annoB AE ), ism) =0

B.3 B pacyetax HeobxoAMMO Yy4MTbiBATb, YTO FPYHT MO MOBEPXHOCTM pasfena Mexny 3NeMeHTamu MnpuaMbl
CKOJIbXEHNs, KakK npasuno, He paboTaeT Ha pacTsXeHue, T.e. BblleneXauwuid Nno CKIOHY 3/eMEHT He MoXeT
yOepXmBaTtb nexawmun HUXxe, a HAXenexawmun - TaHyTb nexawmn sbiwe. 1o3ToMy B 4aCTHOCTW Mpu onpeneneHnn
cunbl R, no copmyne (B.3) B CymMMy He BKOYalOTCA yaepXusawoowue cunbl AE,, OT MocnenosatenbHoO

PacrnonoXeHHbIX KparHWX 3NEMEHTOB MPU3Mbl CKONbXEHWS B BEPXHEN ee 4acTu, BO3HMKaloWwue W3-3a Hannyms
CLENNEHUNs B TPyHTE.

Lns 6onee TOYHOro OTHOENEHMS YacTu NPuU3Mbl CKOJIbXXEHUSA, KOTOpas He OOJ/IXHa Yy4YMTblBATbCA B pacyeTe,
ncnonb3yeTtca bonee yactoe pasneneHne Ha BepTuKalbHble 3IEMEHTbI, T.€. YMEHbLUeHWe b, .

lpaHvMua Mexnhy anemMeHTamu, YCTOMYMBLIMU W HE UMeroWwnMn COOCTBEHHON YCTOWYMBOCTW, onpepenset
NnonoxeHve BepTuKanbHOW, Tak Ha3blBaeMOW 3aKO/IbHOW TpeLlnHbl OTpbIBA.

B.4 Yron B, HaknoHa cvn B3aMMOLEWCTBUS MeX Ay dNeMEHTaMmn NPU3Mbl CKOMbXEHUS JOMycKaeTCs Onpenensitb
cnepyoWwnMn yNpoLLeHHbIM cnocobammn, pekoMeHAyeMbIMU AEACTBYOWMMY HOPMATUBHBIMUA LOKYMEHTaMW.

b.4.1 B cnydyae, ecnm npm3aMa CKOJNIbXEHUS BKOYaEeT WNYHTOBYD MOOMOPHYIO CTEHY, KoTopas pasgenset
CIOBUraloLyocs YacTb, XxapakTepuayemyto cunoin F, no coopmyne (b.2), n yaepxusarouyo, xapakTepunsyemyo cunom

R, no chopmyne (b.3), ponyckaeTtca npyHMMaThb

{2([)5 {3, Honebomee 207 ecnu By < Py, . (B.5)

- HHaE B,

roe ¢, - cpenHeB3BelWEeHHOE MO BbICOTE 3HA4YeHMe yrna BHYTPEHHEro TpeHnda B CTBope WnyHTa, COOTBETCTBEHHO C
BEPXOBOM (ON51 aKTUBHOM 30HbI) N HU30BOA (L7151 NACCUBHOW 30Hbl) CTOPOHbI;
G — Uyt oy +4y) +otgay ]"rj +8 — Ay
B].im =arc tg ’
Ty + 8y

(5.6)

roe ceicMMyeckne Harpysku S;;, S, u P, CM. B MpunoxeHuu E.
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Mpw ceiicMnyHOCTN MeHblue 7 Bannos S, =0, S,,=0n P, =0.

B.4.2 B cnyyae, ecnu npuama CKONbXEeHWs BKOYAET rpaBUTaLMOHHYIO MOAMNOPHYIO CTEHY, KOTopasi oTAenset
cOBUramollylocs 4acTb OT YyAepXXMBawolWen, A[onyckaetcs MpuWHUMaTb [ONs 9NEeMEeHTOB BHE MOJOWBbI CTEeHb
pekoMeHzaumio b.4.1, a B npeaenax WpuHbl NOLOWBbI CTEHbI fB; =0.

b5.4.3 B cnyyae ogHOPOOHOrO rpyHTa B NPU3Me CKOJMbXEHUS U OTCYTCTBUM rOPU3OHTANbHbIX CUN AOMNycKaeTcs
BBOIMWTb B pacyeT cpefHee 3HayeHue yrna B;, onpeneneHHoe no amnupuyeckon gopmyne A.J.MoxesntuHosa

p=p=2t, (6.7)

roe 8, =n/2—a; NPN a,; <n/2 N §; =a; —n/2 NPN ao; >7n/2.

Yron HaknoHa cun B3avMOAENCTBUS MeXIy 3NeMeHTaMn NpuaMbl CKONbXEHUS B;, Kak nNpaBmio, B HE6ONbLOM
3anac yCToin4mMBOCTM, LONycKaeTcs NpMHUMaTh paBHbIM 0.

MpumeyaHue - 3HayeHne B no chopmyne (B.7) MoxeT BbiTb BBEAEHO B pacyeT TONbKO NOCNE ONpPeaeneHunst b; u
a;, MPUHSB NpenBapuTenbHO B nepBoM npubnuxeHun p=0. Ona peweHns 3apaun moxeT notpebosatbes 2-3
nocnefoBaTte/bHble NPUBINXEHMS.

B.5 PacuyeTHoe 3HauyeHve 0006LEHHOr0 CUNOBOrO BO3OEWCTBUS (COBUralowWelr cunbl) F onpedensioT o
bopmyne

n3 ny4
F= ZAEhi.s.nom + Z(Fhi.s + Shi) ’ (58)
i=1 i=1

n3
roe ny - KONMMYECTBO B/IEMEHTOB MPU3Mbl, ONS KOTOPbIX a; <90° (3 - O3HAa4YaeT CyMMWUPOBaHWE TONbKO [N
i=1
3/IEMEHTOB C o; < 90°);
ny

ny- TO Xe, a; > 90° ( z - O3Ha4YaeT CyMMnpoBaHuMe TONIbKO O/14 3N1eMEeHTOB C a,; > 900);
i=1

AE); s om - TOPU30OHTaNbHAS COCTaBNAOWAs cunbl (CO 3HakoM "nntoc”), onpeaensiemasi no coopmyne (b.1) npu o;
=0, ¢;=0, B,=0;

Fj; s - TOPU30OHTaNbHbIE COCTaBNAIOWME BHEWHUX CUN (KPOME CENCMUYECKNX), AEACTBYIOWMNX B 3NIEMEHTAX NPU3MbI
CKOMbXEHWS C o, >90° 1 HanpaBieHHbIX B CTOPOHY CABUTa;

S} - TOPN3OHTAlbHbIE COCTaBNSAOWNE cencMuyeckmnx cun.

B.6 PacyeTHoe 3HayeHve 06006LWeHHOro CONPOTUBIEHNS (CUbl CONPOTUBNIEHNS) R ONPEeaensoT no opmyre
R=R,+(F-F,)). (B.9)

B.7 AHanornyHo BbINOMHSETCS pacyeT U ANs OPYrX BO3MOXHbIX MOBEPXHOCTEN CKOJbXEHUSI.

MpunoxeHne B
(pekomeHoyemoe)

nposepKa paBHOBECUSA MOMEHTOB CWJ1 NPU CKONMbXEHUN MO KPYrnouunuHapuyYecKon NnoBepxHOCTn

B.1 PekoMeHgoBaHHbii B 4.11, 6) MeTonL onpeneneHuns oblwei yCTONYMBOCTM MO KPYrNOUUAUHAPUYECKMM
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MOBEPXHOCTSIM CKOJbXEHUS MOXEeT OblTb OTHECEH K rpynne MeToAoB "HaKMOHHbIX cun”, B KOTOPbIX NpoBepseTcs
pPaBHOBECVE MOMEHTOB BCEX CWN, OEVACTBYIOWMX HA COBUrAaEMbIi MACCUB rPyHTA (MPU3MY CKOJbXEHNS).

B.2 MaccuB rpyHTa, orpaHuMyeHHbI paccMaTpuBaeMoli MOBEPXHOCTbIO CKOMbXeHUs (pucyHok B.1), pasnenseTtcs
BEPTUKA/IbHLIMU MIOCKOCTSAMU HA n 3NEMEHTOB Takum 06pa3oM, 4YToObl B OCHOBAHWW KaXxAoro aneMeHTa 6bin
OJHOPOAHbIN TPYHT.

Jna kaxporo anemMeHTa BblYUCNSETCA BeCc C y4eTOM BepTUuKalZbHbIX COCTaBNAOWNMX Harpy3ok Ha ero
NOBEPXHOCTN N onpenensaeTcsa yron Mexny septukanbio U paanycom, npoBeneHHbIM K cepegnHe OCHOBAHUA 3TOro
anemMeHTa.

3ateM MpOBOAMTCA OLEHKa YCTOMYMBOCTM MaccuBa TrpyHTa BMECTe€ C COOpPYXEHUeM nnsi BblbpaHHoM
NMOBEPXHOCTU CKOJbXXEHWSI.

B.3 lWuprHa pacyeTHbIX 3NEMEHTOB b; MPU3Mbl CKONbXEHUS LONXHA ObiTb TaKoW, NP KOTOPOW AanbHelwee
yMEHblUEHNE b; HEe MPWBOAMUT K CYLWECTBEHHOMY M3MEHEHWIO pe3ynbTaToB pacyeTa. O6blYHO WHPUHA INEMEHTOB
npuHumMaeTcs 6nnskoi kK 01runu 1-2 M, rae r - panmyc NOBEPXHOCTU CKOJbXEHUS.

LleHTpe! OKpYMHOCTER CKONBKEH WA

. g gz
%o g I 1
1 T [ EEEEEEEERNN llilll
LleHTpE! OKpYHHOCTER CHONBMEHWA - Tl ER 13
o i § 9| ~ a0 .

1-WNyHT, 2- aHKepHas T4ra, 3 - aHkepHas onopa, 4 - rpaHuua Cnoes rpyHTa, 5- BO3MOXHas NoBEpPXHOCTb
CKOMNbXeHUs

PucyHok B.1 - Cxema k pacuyeTy yCTOMUYMBOCTM COOPYXEHWIA METOAOM KPYTr NOLUMANHAPNYECKMNX NOBEPXHOCTEN
CKONbXEHWS (Ha NpuMepe WNyHTOBOW NpuyanbHoi HabepeXHoi)

3HaueHns F v R Ha 1 M OIMHBI COOPY>XEHUs (MpwW NNOCKOW 3aAaye) BbIYUCASAOTCS Mo hopMynam:

n
F=M;=r)G;sina; + AM;, (B.1)
i=1

n n—n n
R=M, = r[ZG[ cosa,tgp; — 2. G;sino; + > cl; +Rg], (B.2)

i=1 i=1 i=1
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roe M; - cymma MOMEHTOB CUJ, Bbi3biBAOWNX COBUI COOPY>XEHUs, OTHOCUTETbHO Bbl6paHHOFO LEeHTpa OKPYXHOCTH

CKOJIbXXEHUS;
M,- CyMMa MOMEHTOB CW/, YAEPXMBAKOWWX COOPYXEHUe OT ChBUra, OTHOCUTENbHO BbIOPAHHOrO LEHTpa

OKPY>XHOCTWU CKOJbXEHUS;

G;- BEC j-TO 3NIEMEHTA C y4eTOM BEPTMKa/bHbIX COCTABNMSIOWMX HArpy30K Ha ero MOBEPXHOCTW; o, - YrON MEXIy
BEPTVKaNbIO 1 PaANyCcoM, NPOBEAEHHBIM K CEPeAVHE OCHOBAHUS i -F0 SNIEMEHTA

o; = arcsin &, (B.3)
r

roe a; - pacCTtodHuMe no ropus3oHTannm OT UeHTpa OKPYXHOCTU CKONbXeHUda [0 cepeluHbl ;-ro aneMeHTa

(NPYHMMaETCA CO 3HAaKOM MUHYC AJiS 3NIEMEHTOB, PaCMONOXEHHbIX CNeBa OT BEPTMKAW, NPOXOASWEN Yepes LeHTp
OKPY>XHOCTU CKOJbXEHWS);

AM;- CyMMa MOMEHTOB OT FOPU30HTalIbHbIX N BEPTUKANbHbBIX COCTaBNSAOWMNX OOHOW U3 KPaTKOBPEMEHHbIX ( T),; W
T,

1) W BPEMEHHbIX ANWUTENbHbIX (7T, W T,) HarpysoK, MPUNOXEHHbIX HEMOCPEACTBEHHO K COOPYXEHMIO U
BbI3bIBAIOLLMX €0 CABUI OTHOCUTENbHO BbIOPAHHOIO LIEHTPA OKPYXHOCTM CKOMbXEHUS;

¢;, ¢; - COOTBETCTBEHHO Yyrosnl BHYTpPEHHEro TpeHusa n ynenbHoe cuenneHne rpyHta B OCHOBaHUM j-Fo 9N1IeMeHTa,
[;- ANVHa Oyrn B OCHOBAHWUW i-ro aNeMeHTa,

R, - cuna conpoTUBNEHNS KOHCTPYKTMBHOMO 3NneMeHTa (aHkepa, cBau, WiyHTa v T.M.) CABUTY, NepreHankynspHas
K paguycy r; aTa cuna y4YmTbiBaeTCs Npu NepeceyeHn KOHCTPYKTUBHOIO 3NIEMEHTA OKPYXHOCTbIO CKOMbXEHWS;

n- KONMNM4YEeCTBO 3/IEMEHTOB B NPU3Me CKOJbXEHUs;

ny - KONIM4ECTBO 3/IEMEHTOB C a; > 0.

B M; CYMMUMPYIOTCS CUNbI G;sina,; TONbKO ONst 9NEMEHTOB C «; >0, a B M, CYMMUPYIOTCS CUNbI G, sina; TONbKO
ONst BNEMEHTOB C a; <0.

B.4 OnpepeneHue cun R, aHKepylowyx CBaii, WNyHTOB UKW APYriX 3NIEMEHTOB COOPYXEHNS CABUTY MPUBELEHO B
npunoxexHun .

B.5 AHanornyHo BbINONHSAETCS pacyeT n onsa opyrux BO3SMOXHbIX HOBerHOCTeIZ CKOJbXEeHwus.

YuntbiBas 9KCTPEManbHOCTb 3afayn, Heob6XOLMMO BbINMOMHUTL MONHbIA Nepebop KPyrnouMANHAPUYECKMX
NoBEPXHOCTEN B 3aAaHHON obnactu pacyerta.

VX KONMYECTBO M MONOXEHNE YTOUYHSAIOTCS B MPOLIECCE pacyeTa Takmm obpa3oM, 4Tobbl Obina HaneHa Hanbonee

onacHasi, COOTBETCTBYiOLAsh MUHUMAIbHOMY 3HAYEHUIO (WR—Y/CF].
Tn

Lar nepebopa onpenensieTcs onbiTHoIM NyTeM. CeTka CyXaeTcst 40 TEX Nop, Noka aTo NepectaHeT NpakTU4Yeckn
BNMATb Ha pe3ynbTaTbl pacyeToB.

MpuMmeyaHve - 3HayeHMe KOappULMEHTA YCTOMYMBOCTU MOXET ObiTb ONpeaeneHo u 6onee CTPOro C y4eToM
YTOYHEHWS CABUraloWmx 1 yaepXunsatowmx MOMEHTOB CUJ1, BbIYUCIIEHHBIX aHaNOrMYHO NPUBEAEHHOMY B NPUIOXEHUN
B. Takon BapraHT peann3oBaH B nporpamme KRUST-51.

MpunoxeHue I
(pexkomMeHoyemoe)

PekomeHAaLumn No onpeneneHnIo pacyeTHbIX XapakTepucTUK rPyHTOB
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.1 B pacyetax obwei YCTOWYMBOCTU WCMONb3YOTCS NapameTpbl MPOYHOCTM TFPYHTA, OMPeLeNeHHble Ha
OCHOBaHMW MONEBbIX N nabopaTopHbIX WCCNeAOoBaHWA B COOTBETCTBMM C TpebOBaHMSMM COOTBETCTBYHOLLMX
HOPMAaTMBHbIX LOKYMEHTOB.

.2 Bolbop MeTona onpeneneHus napameTpoB NMPOYHOCTU W CXEeMbl MPOBELEHUS UCMbITAHUIA TPYHTOB LOMXEH
NPOBOAMNTLCS COBMECTHO NMPOEKTUPOBLLVKOM M FE0NOrOM, XenaTenbHO Npu y4acTun NHXeHepa-reoTexHmka.

Kak npaBuno, wucnonb3yetcss cpe3 06pasuoB (AW LENMKOB) MPWM €CTECTBEHHOW BRAXHOCTW W MOSHOM
BO,AOHACHIWEHNN:

a) HeHapyLWeHHO CTPYKTYpbI;

6) No NpenBapuTENbHO NMOLrOTOB/IEHHOW NMOBEPXHOCTU (Cnocob MoBTOpPHOro cpesa uim crocob "nnawek") - ons
OLEHKWN OCTaTOYHOW NPOYHOCTM FPYHTA;

B) N0 UMetoLLelics B 0bpasue (Lenmke) NOBEPXHOCTW ocnabneHus.

Mpw HeBoaMoxHOCTM oTBopa obpasua B 30He ocnabneHus MoryT 6biTb PEKOMEHOBaHbl UCMbITaHWs Ha cpes
06pasuoB M3 rpyHTa HapyWeHHOW CTPYKTYpbl - WCKYCCTBEHHbIX NAacT PasiM4yHON BNAXHOCTU, WMUTUPYIOLWMX
COCTOSIHME TPyHTa B6M3U NOBEPXHOCTU CKOJbXEHNSI.

MpumeyaHus

1 VcnbiTaHusi CONPOTUBIEHNS TPYHTOB CABUIY AOJIXHbI BbINOSHSTLCS C YY4ETOM BCEro MHoroobpasus ycroBuii, B
KOTOPbIX CYyWECTBYET pacCcMaTpuvBaeMblii 06bekT. OTW YCNOBMSA YacTO HEW3BECTHbI MONIHOCTbIO OO MNPOBELEHUA
UCMbITAHWA 1 BBINMONHEHNS MpPenBapuTesibHbIX pacyeToB. MoaToMy HeobxoauMbl LOCTATOYHO MOSHbIE AAHHbIE O
reomMopdonornyecknx OcobeHHOCTAX obbekTa (OCHOBaHMS, CK/OHA), BO3pacTe W reHesuce nNopof, YCNoBUSX
yBNaxHeHnss un np. BaxHyto WHpopMauuio MOXET [AaTb MUHEpasbHbIi W XUMWYECKMA COCTaB MOPOL.
MpenBaputenbHas MHoOpMaumMs MoXeT OblTb MOAyYeHa M3 NUTEPATYPHbIX MCTOYHMKOB, @ TakXE W3 apXMBHbIX
MaTepuanoB UCCNenoBaHUA Ha 3TOM M COCEAHUX yYyacTKax.

Mo TOM Xe npuyvHe HeobxoauWMbl OnpedeneHVuss ONs KaXAoro rpyHTa KpPaTKOBPEMEHHOW W ANUTENbHOWA
MPOYHOCTMN C Pa3NnNYHbIMK YCNOBUAMM KOHCONMAALMUM U APEHNPOBaHNS 06pasLioB.

2 [NlapameTpbl MPOYHOCTW TPyHTA (Yron BHYTPEHHEro TpeHus ¢ W yOenbHoe CLuenfeHvne C) No UCMbITaHUsM
METOAOM TPEXOCHOro CXaTus MOryT 3aMeTHO OTAMYaTbCa OT MapameTpoB, MONYyYEHHbIX METOAOM cpesa, XxoTs oba
mMeTona oTBevaroT TpeboeaHusam FOCT 12248. Tak @ MOXET OT/MYaTbCs Ha HECKoNbKo rpapycoB. Ho n 6onee
npennoyTuTenbHble ¢ To4kM 3peHns TOCT 12248 TpexocHble UCMblTaHWA MOryT AaBaTb CUCTEMATUYECKYO OWMbKy
ONS yrna BHYTPEHHEro TpeHus nopspka 2°. TOYHOCTb OnpeneneHns cuenneHns cpesHbiMm npubopamn He
npeeblwaeT 2 klMa, HO Jaxe B caMblX YACTbIX MEckax MMeeTCs CUenieHve Takoro nopsiika, KoTopoe 06bl4HO
WUrHOPUPYIOT B pacyeTax.

3 CnenyeT yumTbiBaTb, YTO UCMbITAHWA Ha TpexocHoe cxaTwe 6onee TPyoOEMKW, YeM Opyrue MeTodbl.
Pe3ynbTaTtbl Takmux UCMbITAHWA 0ObIYHO NCMONb3YOTCS B pacyeTax, B KOTOPbIX YYMTbIBAETCA CTPYKTypHas MPOYHOCTb
ckeneta rpyHTa (kotopas CywecTBeHHO 60/blie, YeM MPOYHOCTb HE MOSIHOCTbIO KOHCONMUAMPOBAHHOIO rPyHTa) M
nopoBoe AaBneHne. BO3MOXHOCTb e MpaBWIbHOTO MPOTrHO3UPOBAHWS MOCnefHero B OOMbWMHCTBE Cnyyaes
HaxoamuTca non 60NblWMM BONPOCOM.

I".3 MapameTpbl ANUTENbHOV MPOYHOCTM FPYHTOB UCMONb3YIOTCS, Kak NpaBuio, B pacyetax Ha ocoboe coyetaHue
Harpysok.

MpumeyaHne - Peanu3aums OAMTENbHON MPOYHOCTM MOXET MNPOU30ATM B OTAANEHHOM Oyaywem wunu npwu
3aBeOMO HenonycTuMblx aedoopmaumsix. OHa MoXxeT OblTb UCKMIOYEHA B pPe3ynbTaTe YNPOYHEHUS TpyHTa 3a cuyeT
KOHCONMZAUMWM, BOCCTAHOBEHUS XMMUYECKUX CBS3el 1 Mnp. [0o3aToMy pacyeT ¢ Takumy napameTpamu MoXeT ObiTb
OTHECEH K 0COBOMY COYETaHMI0 C COOTBETCTBEHHBIM CHUXEHNEM KO3 OULIMEHTOB BE30MacHOCTM.

BHuMaHwue! [IoKyMeHT B cuny He BCTYyNua BHuMaHwme! lokyMeHT opuumansHo nsgaH. Cm. "Ctatyc" JoKyMeHT NpUBOANTCS C TEKCTOM
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT
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.3.1 Lnd HeCBSA3HbIX FPYHTOB napameTpbl OAUTENbHON NPOYHOCTW MPUHUMAIOT PAaBHBLIMUA MOMYYEHHBIM NPU
6bICTPOM (YCKOPEHHOM) MCHMbITaHUM 06pa3LoB.

.3.2 [MapameTpbl OANTENbHOW MPOYHOCTWU T/IMHWUCTBIX TPYHTOB OMPELENSIOTCS B  CMeuMann3mpoBaHHbIX
nabopaTopusx Mno cneuuanbHbiM MeToamkam. [py HEBO3MOXHOCTW CheumanbHbiX WCMbITAHUA WX AOnyckaeTtcs
onpenensTb NPy CABUre Mo NOArOTOBEHHON MNOBEPXHOCTM U MO MMEIOWENCS NOBEPXHOCTU ocnabneHns, npuyem ans
30H, HAXOAAWMXCA NOL BOLOV NN KOHTAKTUPYIOWNX C HEW, - NPY NMONHOM BOAOHACHIWEHUN FPYHTA.

IM.3.3 MNpwn KOHTPONbHBIX pacyeTax, Koraa NonoXeHUe NMOBEPXHOCTW CLBWra U3BECTHO, a TakXe B TEX Cyyasix,
Korga nonoXeHne MOBEPXHOCTW caBura (MOJIHOCTbIO UMM YaCcTMYHO) NPEeonpeneneHo reoslorMyeckmmM CTPOEHMEM
(Hanprmep, MOBEPXHOCTb KOTNOBAHA B CBSIBHOM TFPYHTE WAM MPOCNOAKA C PE3KO CHUXEHHBbIMU MPOYHOCTHbLIMU
XapakTepucTukamy rpyHTa), napameTtpbl AJUTENbHON MPOYHOCTY FPyHTa NMPUHUMAKOTCS TONbKO NS yKa3aHHbIX 30H
chBura. B octanbHbIx cnyyasix - ois BCEro MaccuBa ruUHUCTOrO rpyHTa.

.3.4 Ecnn Ha npeaBapuTenbHOV CTaauy pacyeToB OTCYTCTBYIOT AaHHbIE O ANMTENbHON NPOYHOCTM FAMHUCTbIX
FPYHTOB, TO LOMYyCKAeTCs MPUHATb Yron BHYTPEHHErO TPEHWUS U yAEeNbHOEe cuenneHune, NonyyeHHble npu ObiICTpoM
cpe3e 06pasuoB (LENNKOB) HEHAPYLWEHHOM CTPYKTYpPbI, C MONPABOYHbIMM KO3 pLMeHTaMn n3 Tabnmupl I.1.

MpuMmeyaHus
1 MapameTpbl caBura no NOArOTOBNEHHON noBepxHOCTM ("nnawka no nnawke") 6Au3kn K napameTpam COBUra,
COOTBETCTBYIOWMM npeneny OAUTENbHOW MPOYHOCTU TPYHTA, U HECKOJ/IbKO MeHblue MOCNefHUX ANA MAOTHbIX U

nonyckanbHbIX FPYHTOB.

2 I'Iapamepr| casura no noaroToBNEHHOM NOBEPXHOCTN MNCNOJNIb3YIOTCA NPU KOHTPOJIbHbIX pacyeTax CKJ/IOHOB,
noTepsABWNX yCTOVI‘-II/IBOCTb.

Tabnnua .1 - OpWEHTUMPOBOYHbIE 3HAYEHUS] KOIMMULMEHTOB ANS ONpPeneneHus napameTpoB LNUTENbHOM
MPOYHOCTMN FPYHTOB

CocTosiHue noponbl Cynecb CyrnnHok "nvHa
K, K, K, K. K, K,
Teepanas 0,45 0 0,65 0,43 1,0 0,45
MonyTtBepnas 0,5 0,50 0,46 1,05 0,47
TyronnactuyHas 0,6 0,4 0,5 1,1 0,48
MsrkonnacTtunyHas 0,7 0,35 0,52 1,15 0,52
TekyyennacTuyHas 0,8 0,3 0,53 1,2 0,53
Tekyyas 1,0 0,25 0,55 1,25 0,55

.4 B pacyeTtax HEOOX0AMMO yYMTbIBaTb BO3MOXHOE W3MEHEHWE MPOYHOCTU MOPOL BCNEACTBUE BbIMONHEHWS
NPOTMBOOMON3HEBBLIX MEPONPUATUA, O0OBOOHEHWS W OCYLWEHWS CKNOHA, CEWCMUYECKOro BO3LEWCTBUS, a TakxXe
BUOBPaALMOHHOr0 BO3AENCTBIS OT paboTalowWwmx MalMH N MEXaHN3MOB.

.5 3HayeHus xapaKTepuCTUK TPYHTOB WCKYCCTBEHHbIX HAacbiMei, YNNOTHEHHbIX COrNacHo HopMaTvMBaM Ha
NMPOM3BOACTBO 3EMNSHbIX PaboT, yCTaHaBAMBAOTCA MO XapakTepUCTMKaM T[PYHTOB HAPYWEHHOrO CNOXEHUS
3aaHHO NNOTHOCTK, @ TakXXe No aHanoram Wiy CNPaBoYHbIM OAHHBIM.

[Mpn oTCYyTCTBUM OMBbITHBIX AaHHbIX OOMYCKAaeTCcs NpuHMMAaTh AN NecYaHblX U rpaBenncTbiX FPYHTOB yAENbHbIN
BEC HOpMaTUBHbIN y, =18 KH/M3, a yron BHyTpeHHero tpeHus - Ha 10% MeHblie, YeM ONS aHanorm4yHoro rpyHTta

€CTEeCTBEHHOI0 CNOXeHus.

.6 Ons Hpe,ﬂ,BapMTeﬂbHOVI OouUeHKM HeCYLIJ,eVI cnocobHocT Hambonee yacto BCTpeYvaWwmnxcsa 4eTBepTUYHbIX
FMWHNCTbIX TPYHTOB MO I'IpOCTeVILIJVIM BMU3yalibHbIM NMPMU3HakKaM MO>XHO BOCMNOJ/Ib30BATbCA OAHHbIMU Tabnmupl .2, roe
OaHbl HOpMaTMBHbIE 3HA4YEeHNA NPOYHOCTHbIX MapaMeTpOoB.

BHuMaHwue! [IoKyMeHT B cuny He BCTYyNua BHuMaHwme! lokyMeHT opuumansHo nsgaH. Cm. "Ctatyc" JoKyMeHT NpUBOANTCS C TEKCTOM
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT
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Tabnuua IM.2 - OpMEHTMPOBOYHBIE NOKA3aTeNN CONPOTUBASEMOCTM [IMHUCTBIX TPYHTOB MO NMPOCTENIIMM BU3YanbHbIM
npu3Hakam

CocTosiHue noponbl Cynecb CyrnuHok "nuHa

PN Cy Y Cy ON Cy
Teepanas 28 20 25 60 22 100
MonyteBepaas 26 15 23 40 20 60
TyronnacTuyHas 24 10 21 25 18 40
MsrkonnacTuyHas 20 5 17 15 14 20
TekyyennactmyHas 18 2 13 10 8 10
Tekyuyas 14 0 10 5 6 5

r.7 |_|pVI pacyete nNOCTOAHHbIX COOpy)I(eHVIVI Ha MHOroneTHemMep3nbiX TrpyHTax, KakK npasunno, cnepyet
CMONb30BaTh NapameTpbl AANTENbHON NPOYHOCTU MEP3IbIX FPYHTOB, NONYYEHHbIE NPW MEANEHHOM HarpyXeHun (o,
n Csl)'

PacyeTHble xapakTepmucTuK Mep3nblX rPYHTOB AOMYyCKaeTca NPUHUMaTh:

- Yrofl BHYTPEHHEro TPEHUS ¢ - PaBHbIM Yry BHYTPEHHErO TPEHWUS Tanoro rpyHTa ¢ ;

- NpenenbHo-ANMTENbHOE cuenneHme

Cy =ac+bct1/2, (r.1)

roe ¢ - abCconoTHOE 3HaYeHMe (T.e. CO 3HAKOM MOC) OTpULLATENbHOW TeMnepatypsbl rpyHTa, °C;

a,n b, - napameTpbl, 3aBUCSILNE OT rPyHTaA:

ans necka a,=0, b,=100 k[la;

Onsa cBA3HbIX rpyHToB a,=30 klla, 4,.=50 k[la.

MprMepHbIe COOTHOWEHNUS MeX 4y napaMeTpamm NPOYHOCTH, MONYYEHHbIMM NPY BbICTPOM (@ U ¢) U MeaneHHOM (
¢y W cy ) HarpyxXeHun npu Temnepatype Bbiwe -5°C, npueeneHbl B Tabnuue IM.3.

r.8 3aerI'IJ'IeHHbIe cunukaTusauuen n cMonnsaumeinn neckn MoryT UMeTb MPOYHOCTb, YKa3aHHY!O B Tabnuue 4.

.9 CneuyeT y4nTbiBaTb, 4YTO 3SKCNepuMeHTanbHasaA 3aBUCUMOCTb Tnp(c) KPUBOSINHENHA. CI'IpFIMJ'IFlFI ee Ha
OTAeNbHbIX y4acTKax, nnn, Kak noctynarT

Tabnuua I'.3 - 3aBUCMMOCTb NapaMeTPoOB MNPOYHOCTY MEP3NbIX FPYHTOB OT ANNTENbHOCTN NPUNOXEHUS HArpy3Ku

HanmeHoBaHue rpyHTOB
/0y cleg
KpynHoo6noMo4Hble, Necku KpynHble 0,6-1 2-3
Cynecu 1-2 3-4
CyrnamHkm 2-3 4-5
[ nuHBbI 3-4 5-6

Yyaule, Ha BCeM Jgumana3oHe WU3MEeHEeHuda o, Nnony4dyakwT ypaBHEHWEe, U3BeCTHoOe Nnon Ha3BaHWEM 3aBUCUMOCTU
KynoHa (Mopa-KynoHa)

Ty =OlO +C, (r.2)

BHuMaHwue! [IoKyMeHT B cuny He BCTYyNua BHuMaHwme! lokyMeHT opuumansHo nsgaH. Cm. "Ctatyc" JoKyMeHT NpUBOANTCS C TEKCTOM
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT
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roe ¢ - yron BHYTPEeHHero TpeHus, c - yaenbHoe cuenneHne, c - BepTukanbHOe CcXunmaruee HanpsxeHue.

I'Ipmmeanme - COBpeMeHHbIe nporpamMmbl NO3BONAKOT B pacydeTax yCTOI7I‘-II/IBOCTI/I n opyrnx nmcnonb3oBaTtb Kak
NOCTOAHHbIE 3HA4YEeHUA ¢ N ¢ BO BCEM OMana3oHe Haﬂpﬂ)KeHMIZ G, TaK U pa3Hble ¢ N ¢ B pa3/IN4HbIX Onana3oHax
Hal'lpﬂ)KeHI/IVI G, d TakXe HenocpencTtBeHHO 3KCnepmnMeHTanbHyO 3aBUCUMOCTb ’Cnp(c).

.10 Ons oTBeTcTBeHHbIX 06bekToB (Bbiwe |l knacca) gonxHa 6biTb MCcrenoBaHa aHW3OTPOMNUS CABUMOBOM
NPOYHOCTU NOPOL (MO HANNacTOBAHMIO U NEPNEHANKYNSAPHO AN HAKIOHHO K HEMY).

Tabnuua .4 - 3HauyeHNs NPOYHOCTHBIX Y AePOPMaTUBHBIX XapakTEPUCTMK 3aKPENNEHHOro necka

Cnocobbl 3akpennenns | Xapaktepuctuku | CpelHue 3HaYeHWs HOPMAaTUBHbBIX XapaKTePUCTUK 3aKpenneHHbIX
rpyHTa MecKoB MpW NX NPOYHOCTUN R;, MIMa
0,5 1,0 2,0 3,0 4,0 5,0
CunukaTunsaums C;, MMMa 0,10 0,2 0,54 0,65 0,85 1,03
IBYyxpacTBopHas
93, rpan 40 41 43 45 47 49
E5, MIMa 42 80 162 240 330 415
Cunukatunsaums C;, MMNa 0,10 0,21 0,55 - - -
04HOpacTBOpHas C
H,SiF,
03, rpagn 40 41 44 - - -
E5, MIMa 42 82 165 - - -
Cwunukatnsaumg rasosas | C;, MlMa 0,10 0,2 - - - -
¢3, rpan 39 40 - - - -
E5, MINa 38 76 - - - -
Cwmonnsauuns C;, MlMa 0,10 0,2 0,50 0,59 0,73 0,96
03, rpan 39 41 42 44 45 47
E5, MIMa 38 78 148 215 285 375

.11 CnenyeT yunTblBaTbh, YTO ANS CBA3HbIX (F/IMHWUCTBIX) FPYHTOB B CNy4Yae MPUNOXEHWs KPaTKOBPEMEHHO
HenepvoaMYECcKO Harpy3kn yron BHyTPEHHEr0 TPEHNS HE MeHsieTCsl, a yaenbHoe cuenneHue yeenuymeaetcs oo 1,5-
2,5 pa3. OgHako npv yBeNMYEeHUM KONMYECTBA LMKIIOB HarpyXXeHns HabniofaeTcsi yMeHblWeHne NpoYHOCTM CBA3HbIX
FPYHTOB O CTATMYECKOW UM JaXe HUXe.

.12 CnenyeT yuuTbiBaTh, YTO O/S MECKOB LIMK/NYECKOE HArpy>XeHue MOXET MPUBECTM K WX Pa3XUXEHUIo
BCNEeLCTBME OCNnabneHns KoHTakTa Mexay Yactuuamu.

MpuMmeyaHus
1 MimeloTca cBMOETENbCTBA O PA3XUXKEHUN FPABENUCTbIX FPYHTOB.

2 ,D,}'Iﬂ MeckoB MJIOTHbIX U cpeuHeM MMIOTHOCTN C OTHOCUTENbHOW MNOTHOCTbIO ID > 0,5 unKknnyeckass NPpo4YHOCTb
BO3pacTaeT M MoxeT ObiTb Bbille CTaTU4eckon Ao 2 u 6onee pas. [ns pbixabix NECKOB ¥ rpaBus Npu I, < 0,35 OHa
MOXEeT CHU3NTbCA B 5 1 Bonee pas.

.13 CnepyeT yuuTblBaTb, YTO MPOYHOCTb FPYHTOB MOXET ObiTb 3HAYMTEIbHO CHMXEHa MpU MX 3arps3HeHuu
OpraHukomn - 60NOTHBIMA UAN CTOYHLIMW BOZAMW, HEPTbIO U T.N. Hanuune norpebeHHbIx 60MOT U 3aTOPPOBAHHBIX
rPYHTOB Jaxe npu HeBONbLUIOK NX MOLHOCTY OKa3blBAaET HEraTMBHOE BAVSIHUE HA MOACTUNAOWMNE TIMHUCTBIE TPYHTHI.

BHuMaHwue! [IoKyMeHT B cuny He BCTYyNua BHuMaHwme! lokyMeHT opuumansHo nsgaH. Cm. "Ctatyc" JoKyMeHT NpUBOANTCS C TEKCTOM
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT
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MpumeyaHve - Mop norpebeHHbiMM GonoTamu 0ObIYHO Mecky oboraleHbl OpPraHNyYecKMM COEOVHEHVSIMU ©
MMEeIoT BCE NPU3HAKM NNbIBYHOB, @ FMHUCTbIE TPYHTbI XapakTepusyloTcs kak cnabble TUKCOTPOMHble, TO eCTb
CNOCOBHbIE Pa3XmnXaTbCs NPU MEXAHNYECKOM BO3LEVCTBUN.

ViamMeHeHe napameTpoB COMPOTWBMEHWSI COBWTY MPOVCXOAWUT MPU COXPaHEeHWW rokasaTenei KOHCUCTEeHLMK
rpyHTOB. TBeEpable W MONYTBEPAblE TPYHTbI MNPW  BbLICOKOM CcoOepXawun 6bakTepuanbHOW Maccbl MOryT
KnaccmguumMpoBaTbes No AeddopMaLMOHHOMY NMOBEAEHUIO KaK KBA3nUMNacTUYHbIE.

.14 JaHHble nabopaTopHbIX ONpeaeneHnin OONXHbl OblTb NPOBEPEHbl U B Chny4yae HeobXoauMocTw
OTKOPPEKTMPOBaHbI MO pe3ynbTaTaM KOHTPONbHbLIX M 0OpaTHbIX PacyeToB YCTOAYMBOCTM CKNOHOB W MPOYEro,
HaxXoAsAWMXCS B COCTOSAHUM, 6NIM3KOM K NpeLeNnbHOMY, U BbISBNEHHbIX ONMON3HEBbLIX MACC.

Mpv NHTepnpeTauuy KOHTPONbHBIX PacyeToB HEOHXO0ANMO 06PaTUTb BHUMAHWE HA BNUSIHWE MPOCTPAHCTBEHHOW
paboTbl MaccvBa rpyHTa B HaType, UrHOPUPOBAHWE KOTOPO MOXET MPUBECTW K 3aBblWEHHON OLEHKe MPOYHOCTM
rPYHTOB.

.15 TMpu cooTtBeTCTBYyOWEM OBOCHOBAHUM (BLICOKME TEMMbI BO3BELEHUS COOPYXEHUS WM HarpyXeHus ero
SKCN/yaTauMOHHbIMA  Harpy3kamu, OTCYTCTBME B OCHOBAHUWM APEHVPYIOWMX CHOEB TPyHTA WAM  OpeHaXHbIX
YCTPOVACTB) [ONyCKaeTcs B 3anac HaAeXHOCTU NpUHMMaTb ANA rnH ¢,=0, a ¢ - PaBHbIM NPOYHOCTMN rPyHTa MO

pe3ynbTataM HEKOHCONMOMPOBAHHOrO cpe3a ¢, (cM. TOCT 12248; ITOCT 20276), T.e. COOTBETCTBYHLNM
HecTabnnM3npoBaHHOMY COCTOSHUIO FPYHTOB OCHOBaHWS.

.16 Ecnun yacTb NOBEPXHOCTU CKOJIbXXEHUS MPOXOANT Yepes rPyHT, MPOYHOCTb KOTOPOr0 MOXET CHU3UTLCS Npu
OYeHb MasbIX B CPABHEHMWN C OPYrMMU TPpyHTaMK NepeMelleHusix (Hanprumep, cpes cKasbHOro rpyHTa), To B pacuyeTe
YCTONYMBOCTM CNefyeT y4YnMTbiBaTb 0XNAAEMYIO CHUXEHHYIO MPOYHOCTb 9TOr0 rpyHTa.

Mpunoxenue [
(pekomMeHaoyemoe)

Yuyet cun conpotuBneHus cBav u Apyrnx aHkepyrwLwux 3/1eMeHTOB

[.1 Cuna conpoTMBNEHUS CBAHOIO psifa 3aBUCUT OT L/IMHbI CBAM, UX PACMONOXEHNS B NIAHE U MO OTHOWEHWIO
K MOBEPXHOCTW CKOJIbXEHWS, YCNOBUIA 3aKpenneHnst KOHLOB CBail, MPOYHOCTM M AedOopMaTVBHOCTM CBaill W
OKpPY>XaloLero rpyHTa.

PacuyeTHoe 3Ha4yeHve aToW CUbl 3aBUCUT OT LIENN pacyeTa v pasnvyHo Npwv onpeaeneHny npoYyHoCTy ceai n ux
aKpaHMpyoLero (CHMUXalolero onos3HeBoe NaB/eHne) BIUSHUS.

[.2 AHanornmyHble 3aBMCUMOCTU MMEIOT MeCcTO U AN OPYruX KOHCTPYKTMBHbLIX 3/1EMEHTOB, MepecekaembiX
MOBEPXHOCTbIO CKOMbXEHWS (3arnybneHHbIe CTEHbI, WNYHTOBbLIE PSAbl, KOMMyHUKALUK 1 Np.).

[.3 YyeT ykasaHHbIX Bbille (pakTOPOB MPEACTaBNseT CNOXHYyl 3amady, Kotopas MoXeT ObiTb NpubnnXxeHHO
peleHa C NOMOLLbI0 HEKOTOPbIX U3 CYLECTBYIOLWMX NPOrpamm.

[.4 B yacTHOM cnyvae, Korga cBau yCTaHaBMBAOTCA TONbKO AN YBENNYEHUS YCTOMYMBOCTM CMON3atowWwero
MaccuBa rpyHTa, MOXHO NpubMXeHHO yY4ecTb CUNbl COMPOTUBIEHUSI CBal CABUNY rpyHTa U HEOBX0AMMYIO Ost 3TOrO
NPOYHOCTb HEAE(OPMALMOHHBIM METOAOM, YYMTbLIBAKOWNM MNOJMHYIO peanuaauunio oTnopa: rpyHTa nepen csaen unu
MO/HYI0 peanu3aumio NpoYHocTn cean. COOTBETCTBYIOWNI METOL pacyeTa NPUMEHNTENIbHO K KOMBUHAUMMN PYYHOTO U
MallNHHOrO cyeTa (Mo NporpamMmam, NpeaHasHa4YeHHbIM AN NoANOPHbIX CTEH) NpmBeaeH B [3]".

* CM. pasgen bubnuorpadus. - MpumeyaHne narotosutens 6asbl AaHHbIX.

Ina coopyxenuin Il n IV knaccos gonyckaetcs B YCNOBUSX MNOCKOW 3afayn 3aMeHaTb pag cBall YCNOBHOWM
CMNJIOWHOM CTEHOM C MEHbLUM, YeM cBau, 3arnybneHnem Ha

BHuMaHwue! [IoKyMeHT B cuny He BCTYyNua BHuMaHwme! lokyMeHT opuumansHo nsgaH. Cm. "Ctatyc" JoKyMeHT NpUBOANTCS C TEKCTOM
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At= Vb, (D.1)
roe p - pacCtosiHMe B CBeTy MeXay CcBasiMu.

MpunoxeHne E
(pekomeHoyemoe)

Onpe,u,eneHMe CUNbl AOMNONMHUTENBHOIO CEMCMNYECKOro AaBneHusi

E.1 OnpeneneHve cunbl OOMOMHUTENbHOrO CEACMMYECKOro [HaBneHusi mpu pacyeTe obWwein ycToMdYMBOCTU
npoBoauTcs ¢ yyetom Tpebosanmii CIM 14.13330.2014 npu pacyeTHoi cericMuyHocTn 7 1 6onee 6annos.

Mpn aTOM cnepyet yumTbiBaTb ropudoHTanbHoe (v=0°) n HaknoHHoe nog yrnom (v=x30°) K ropu3oHTanbLHOW
MNOCKOCTUN CECMNYECKOE AABEHME.

E.2 PacuyeT ycTOMYMBOCTM COOPYXEHWA MpPK MOCTYNaTeNbHOM W BpawaTtesbHOM MePEMEWEHN CLBUraeMOro
MaccuBa rpyHTa BMECTE C COOPYXEHWEM BbIMONMHSAETCS MO ykalaHusm npunoxeHunin B wn B. Tpu atom cunbl
LOMOIHUTENBHOrO CECMNYECKOro faB/eHNs ONPeaensoTcs No goopmyne

S, + Sy telo; +9,)- B,
tgB; + tg(o; + ;)

AEhi(seism) = ; (E1)

roe S, u S, - BepTuKanbHas U ropusoHTanbHas cocTaBnsolme ceriCMMYeckoro BO3LenNCcTBus, onpeaensemble no
cbopmynam:
S,; = AK,Q; sinv, (E.2)

Spi = AKQ; cosv, (E.3)

P,- HaBneHne cBOOOAHOM BOAbI HA MOBEPXHOCTb 9NEMEHTA, MOKa3aHHOe Ha pucyHke E.1, Bbi3BaHHOE
celicMMYeckuM BO3aeWcTBrEM, onpeaensiemMoe no cdopmyne (E.4); ecnu naesneHve P, yunTbiBaeTcs B YOENbHOM Bece
rPYHTa, TO cnefyet npuHuMatb P, =0; Ho He Bonee G,

P, =0,74-AKy, hyb; (E.4)

YpoBeHs BoOL %

™
o
5

1 - pacyeTHas NOBEPXHOCTb; 2 - BEPTUKANbHbIA 31EMEHT NPU3aMbl BbiNopa; 3 - antopa CeNCMMYECKOro asneHns soapl
Ha NOBEPXHOCTb CTEHbI, KOHTAKTUPYIOLWEN C BOAOM; 4 - aniopa CeNCMMYECKOro AaBneHns BoAbl HA NOBEPXHOCTb
rpyHra

BHuMaHue! [JokyMeHT B CUJly He BCTynua BHMMaHue! [lokyMeHT ouumanbHo nsgaH. Cm. "CtaTtyc" lOKyMEeHT NPMBOANTCA C TEKCTOM
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT
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PucyHok E.1 - Cxema k pacuyeTy nasneHns oAbl Npy CENCMUYECKOM BO3AENCTBUN

Qi_ BeC 3/1eMeHTa C y4eTOM Harpy3kun g Ha noBepXHOCTU 1 BOObl B Nopax
0; =G, +7 YAy — Pys (E.5)
Awi- nnowanb BepTUKanbHOro ce4eHnsa aneMeHTa HM>xxe ypoBHs BOObl, HANpuMep Onga TpeyroyibHOro anemMeHTa

A, = 0,5h> |thL

w.max

: (E.6)
Y £ - KOS PULIMEHT 6e3onacHocTy no Harpyske (0,9 unn 1,1),
hyy max -~ MGKCIManbHas BbiCOTa CNOS B3BEWEHHOrO rpyHTa B 3fIeMeHTe.

E.3 Ecnu naBneHue P, y4nTbiBaeTCSs B yAeNbHOM Bece rpyHTa nofobHo yyeTy ovnbTpaunoHHOro AaBneHus, T.e.
nyTem yMeHblleHus y Ha Ay,, T0 B popmynax (E.1) n (E.5) npuHumaetca P, =0.

E.4 YnenbHblii BEC B3BELWEHHOMO ) M BOAOHACHIWEHHOMO MPYHTA Y., MOL CNOEM BOAbl B aKBATOPUUN / C Yy4ETOM
B3BEWWBAHNS FPyHTa BOAOW MPU €e CENCMMYECKOM OaBNeHUn LONXeH ObiTb YMEHbLUEH HA BENNYMHY Ay,, KOTOPYIO
[oryckaeTcsl onpenensaTb no oopmyne

1=V
A’YS ~ 1,5'AK1'Yth l‘/ ’ (E7)

roge t - 3arny6neHV|e CTEeHbl B TPYHT, CHMATAA OT OHA akBATOpUK, HO HE MeEHee ¢

min ?

Inin ® lasAthb YTW . (E8)

[Lnsi npakTn4eckmx uenen oonycTMO Ha BCIO FNYBUHY ¢ MPUHSATL CPefHee 3HaYeHne Ay, = 0,754K,y,, h%.

E.5 NopunaoHTanbHas coctaBngwowas CENCMMYEeCcKOoro AaBfeHNs BOAbl akBaTtopum F,, nokasaHHas Ha pUCyHKe
E.2, onpenensetcs no popmyne

2 2
Fy, = 054K v, (hpicny” = Ppiqmy”) - (E.9)
Lns BepTUKaNbHON NOBEPXHOCTU, KOHTAKTUPYIOWEN Co CBOBOAHOM BOAON, NOKa3aHHOM Ha pucyHke E.3,

F, =05y, h,° 4K, , (E.10)

roe h, - rnybuHa Boobl nepen HabepeXHou;
Mpiy W hpicay - rnybvHa cBoboaHOM BOAbl HAA NEBOW U NPABOI rpaHnLei pacyeTHOro afemMeHTa.
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YpoBeHs BOAR ol

1- NOBEPXHOCTb CKOJIbXEeHUA

PucyHok E.2 - Cxema K pacyeTy CencMnYeckoro nasneHns cBobooHow Boabl

b, 3

EEEERERE! H_HHH””l

1 - HabepexHasi, 2 - BO3MOXHas MOBEPXHOCTb CABUra, 3 - Harpyska Ha NoOBEepPXHOCTU rpyHTa, 4 - AaBneHne
dounbTpyloweit Boabl, 5- cencMmyeckoe fasrieHe Boabl akBaTopum

PucyHok E.3 - CxeMa k pacuyeTy obLeit yCTONYMBOCTU B CNlyyae nocTynaTeibHOro nepemMeLLeHns CaBuraemMmoro
MaccuBa rpyHTa BMECTE C COOPYXEHMNEM MNPV CENCMNYECKOM BO3LEWCTBUN

E.6 Orlpep.eneHme CUNbI OOMOJIHATENbHOrO0 CEeCcMMYeckoro AasfieHuns npun pacuyete YCTOVIHMBOCTM no metony
KpyrnounnmnHopmudeckumnx I'IOBerHOCTeI7I CKOJ/lbX€EeHWA BbINONMHAETCA aHaNorM4Ho pacCMOTPEHHOMY Bbllle.

MpunoxeHune X
(pekomeHaoyemoe)
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CDVIﬂpraLIMOHHbIe pacyeTbl

X.1 B obwem cny4yae ounbTpaunoHHbIE pacYeTbl BbIMONHAKTCA MO CheumanbHbiM NporpamMmMam.

X.2 BnusHne dunbTpylowerr BOAbl W €ro y4yeT OMNPemnensiTcs Hannyvem 6e3HanopHoW W HanopHOW
domnbTpaunn. XapakTepHble cxembl NpueedeHbl Ha pucyHkax X.1, X.2 n X.3.

X.3 LaBneHue counbTpytowei Boabl, Kak Npasuio, onpenensetcs no ruapoanHammyeckon ceTke. Mpu atom B
LueHTpax 06beMOB (nnowanen) v, rMOPOANHAMUYECKOA CETKM NPUKNaAbiBaeTCs AABNEHME B BULE COCPENOTOUYEHHbIX

chn, HanpaB/ieHHbIX BOOJIb JIMHWIA TOKa " paBHbIX.

a 4]
.Mp:;’;:pwmaux BOR

YposeHs Boae!

a - PacueTHas cxema; 6 - Ontopa naBneHns Bogpl B cedeHmu -1

1- nbe3omeTpuyeckas NMHUSA (Kpvsas denpeccun); 2 - NoBepxXHOCTb Bogoynopa (Cnon 2); k, >k, (MHAEKC npu k
COOTBETCTBYET HOMEpPY CNnos)

PucyHok X.1 - Cxema K onpeneneHunio Harpy3ok oT ounbTpytoweit Boabl Npy 6e3HanopHoin donnbTpaumm

o —— e

Twh 2

a - PacuyeTHas cxema; 6 - Ontopa naBneHus Boapl B cevyeHmu -1

1* - Nnbe3oMeTpuyeckas NMHNUS, yCTaHOBUBLLASCS NOC/E BCKPbITUS BOLOHOCHOrO CNos 2; 2 - NOBEPXHOCTb BOJOYNOpa
(cnon 1 1 3); ky > ky, ky > ks

PucyHok X.2 - Cxema K onpeneneHuio Harpy3ok oT ounbTpytoweit BoAbl NPy HAanoOpHOW corabTpaumm

BHuMaHue! [JokyMeHT B CUJly He BCTynua BHMMaHue! [lokyMeHT ouumanbHo nsgaH. Cm. "CtaTtyc" lOKyMEeHT NPMBOANTCA C TEKCTOM
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a - 1 i}
) Yat .
1 *
YpomeHb Bombl " " v ke S 7 - _:\l
. - - Twhl
: — = e T —

- N~ Twhe

\\

L———

Yth !

a- PacyeTHasi cxema; 6 - 9ntopa AasneHns Boabl B ceveHun I-|
1, 7" n 2- 10 Xe, 4to 1 Ha pucyHkax X.1un X.2; k > k,, k3 > ky, k3> ky

PucyHok X.3 - Cxema k onpefeneHunio Harpy3ok oT ouMbTPYIOLWER BOALI NPY HANMYMW HAMOPHOW 1 6e3HANOPHOA
hunbTpauumn

AF gy =J Y wVes (X.1)

roe J, - rmopaBnnyeckunin rpagueHT B npenenax obbvema v, ;
Y,,~ YOENbHbIA BEC BOAbI.

Pasmep syeek rmapoaMHaMUYecKon CeTKM, Kak MnpaBuno, HOMXeH ObiTb TakuM, Mpu KOTOPOM AanbHeliwas
LeTannsaums He MNPUBOOWUT K CYWECTBEHHOMY W3MEHEHMWIO PEe3yNnbTaToB pacyeTa [LaBleHWs rpyHTa unu obwei
YCTOMYNBOCTN.

X.4 Mpwn Hanuynm Bogoynopa K ero rpaHvLe BepTukanbHO NPUKNaabiBaeTcs pacnpeaeneHHas Harpyska

pWZYth’ (>K2)

roe h, - Hanop BoAbl Han COOTBETCTBYIOWEN TOYKON rpaHunLbl.

3a BoOYyrnop NMPUHMMAETCS FPYHT, KO3 MUNEHT hunbTpaumm koToporo .k B 10 n 6onee pas MeHblie, Yem Ans
COCEJHEro rpyHTa, 1 npu 3TOM ero He nepecekatT eCTECTBEHHbIE NN UCKYCCTBEHHbIE APEHbI U TpewmrHbl. Ecnn Het
BO3MOXHOCTU TOYHO YCTAHOBUTb MOCNEHEE, TO pacyeTbl HEOHX0AMMO BbIMONHATL AN ABYX CNy4YyaeB: C yyeToM u 6e3
ydeTa Bogoynopa.

X.5 Fopu30oHTanbHy0 COCTaBNSIOWYO CUbl AaBNEHNS (PUIbTPYIOWEN BOAbI HA 9NEMEHT NPU3Mbl CKOJbXEHUS B
cnyyae, Koraa MMeeTcs KpvBas Aenpeccuu, nokasaHHas Ha pucyHke X.4, ponyckaeTtcs onpefenstb Ha yyacTkax,
roe HeT HanopHOW ounbTpauuy U nepenaga ypoBHEN BOAbl M3-3a HaNMuMsi BOAOHEMPOHMLAEMOro 3KpaHa, no

bopmyne

Fopi = 0,5YW[(h;2(n) + hymybictgo,) — (hlg(n) + himbictgo)], (X.3)

roe k) W hyyy - TAyOuHbl BOAbI HAL MOCKOCTbIO CKOMbXEHWUs Y BEPXOBOW W HU30BOW rpaHuL 3NeMeHTa, HO He

6onee, YyeM rnybuHa Boabl HaA BOLOYMNOPOM (ECNM NOBEPXHOCTb CKOJbXEHWS NPOXOANT Yepes3 BOAOYNOP);
o, - YTONl HaknoHa NOBEPXHOCTU BOLOYNOpa B NpeAenax WUpPKHbl aNeMEHTa.
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T

a M,(f

YpoeeHe BoAkI o I

S e e R A B R N AR LR Tr 7

a- PacyeTtHas cxema; 6 - Sniopbl AaB/IEHNS BOAbI HA NPABYIO p () W NIEBYIO pyy () TPAHN BNIEMEHTA U
pes3ynbTupytolas ropnaoHTanbHbIX CUA OT AaBNEHUS BOAbI

1- NOBEPXHOCTb CKONbXEHUA; 2- nbe3oMeTpuyeckasa nnHmnA (KpI/IBaFI nenpeccmm); 3- NOBEpPXHOCTb BOOOYyNnopa

PucyHok X.4 - Cxema Kk onpefeneHunio ropu3oHTanbHoOro fasneHns ounbTpytolweli BOAbl HA 3N1EMEHT NPU3MbI
CKOMbX€eHNs ansg cBob04HOro cKnoHa

B cnyyae ecnu B coctaBe o6 bekTa MMeeTcs noanopHasi cTeHa Uiy BOAOHENPOHMLAEMbIA 3KpaH, NoKasaHHble Ha
pucyHke X.5, Ha KOTOPOM MPOUCXOOUT CTyrneHYaToe U3MEHEHMEe Mbe30MEeTPUYECKOW JIMHUM C BO3HUKHOBEHUEM
Hanopa H,, HO OHW He pacCcMaTpuBaldTCS KaK CaMOCTOATENbHbIA SNEMEHT MPU3Mbl CKOJbXEHWUS, TO ANs

onpeneneHns OaBneHns BOAbl WX CneayeT pacCMOTPeTb Kak OTAenbHbli anemeHT ¢ h;=0. Mpn aToM cuna Fyy,
NPVHMMAETCA PaBHON NowWaam amiopbl p,,; W y4MTHIBAETCS NpY onNpeaeneHnn F, ANs 3NeMeHTa, B KOTOPbI BXOAUT
CTEHa UNN 3KpaH.

B cnyyae ecnu ToHKas nognopHas cTeHa Ui BOAOHENPOHMLAEMBbIA 3KpaH PacrnonoXeH B 0AHOPOAHOM FPyHTE,
Kak nokasaHo Ha pucyHke X.5, a,

Pyt =Ywha; Pp2 =Vwha =S = 1) ; (XK.4)
J:Hd/(ll+]2); (>K5)
Ay,, =Jy,, (0O HM3A CTEHbI U 3KpaHa),

Ay,,=0 (HUXe CTeHbl UNKn aKpaHa) (>K.8)

7T a1 17 11

YpoeeHs BoAbl
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a- B 0OHOPOOHOM rpyHTE

T

YposeHe BOAbI M —

a|

6 - Mpwv Hanuymm Bopgoynopa; 7 - NMOBEPXHOCTb CKOMbXEHUS, 2 - Mbe3oMeTpuyeckas nnHus (kpueas nenpeccun), 3 -
aKpaH, 4 - NOBEPXHOCTb BoAOynopa, 5 - anopa foaBneHns Boabl

PucyHok X.5 - Cxema k npubnunxeHHOMyY onpeneneHnto Harpy3oK OT ounbTPYoWeld BOAb! MPW HANUYMUX NOANOPHON
CTEHbI UM BOAOHENPOHNLAEMOrO 3KpaHa

B cnyyae, ecnu ToHKas moanopHas CTeHa UNWM BOAOHEMPOHULAEMbIA 3KpaH MPOXOOAT 4Yepe3 unbTpyowuii
FPYHT 1 BXOASIT B BOLOYMOP, Kak nokasaHo Ha pucyHke X.5, 6,

J=H, /I, +1,-05H,), (X.7)
a B npegenax ToNWMHbl BOAOYNOPHOro Cnos
Ay, =y (X.8)

Ons npnbnuxeHHOro onpeneneHns Harpy3ok OT puabTpylowein Boabl HEOBXOOMMO BbIYMCANTL 3HAYEHUE
Hanopa BoApl H, 3a CTEHOM.

opr3oHTanbHas Harpyaka oT ounbTpylolLeil Boabl, OE/CTBYOWAs BOONMb NOA3EMHOIO KOHTypa HabepeXHoi,
NPVHMMAETCS B BULE 3MOPbl MHTEHCUBHOCTM U MPVKIaAbIBAETCS HEMOCPEACTBEHHO K COOPYXEHWMIO WN 3NIEMEHTY
COOPYXEHNS.

X.6 B pacyetax ycTOMYMBOCTM 3MOPbl FOPM3OHTANbHbIX HArpy3oK OT AasBneHus quabTpyowen Bogbl
JonyckaeTtcs onpenensatb no ykasaHmam [3].

Mpu aTom nnowanb 3ntop cnenyeT yBenuumeatb Ha 30% NpuW CyTOYHbIX KonebaHusax ypoBHS Boabl U Ha 10% -
npu CE30HHbIX (ANS yYyeTa BAUSHMA Nogbema KPpUBOW Oenpeccumn B COBUraeMoOM MaccuBe rpyHTa).

X.7 Mpu pacyeTe yCTOWYMBOCTY BEPTUKANBbHYK COCTaBNSIOWYO LABNEHNS (OUNbTPYIOWel BOAbI, KAk NpaBuno,
JOMycKaeTCs yymTbiBaTb B YOENbHOM BECe B3BEWEHHOrO rpyHTa y, B Npedenax cnost ouibTPyIOWero rpyHTa u B

Bunae cun ot Hanopa BoAbl, NPUNOXEHHbIX K rpaHunue sogoynopa.

X.8 B cnyyae, ecnu B npegenax npuaMbl  CKOJMbXEHWS pacrnonaraeTcs MnoAanopHas CcTeHa uWan
BOOOHENMPOHULAEMbIA 3KpaH, Kak MokasaHo Ha pucyHke X.5, roe npoucxoouT CTyrneH4yaTtoe W3MeHeHne
Nbe30METPUYECKOWA NMHUW, YAENbHbIA BEC B3BEWEHHOIO FPYHTA y, HUXE YPOBHS BOAbI CredyeT YBENUYNTb Ha

Ay, =Jy, - Bblll€ MO CKNOHY OT CTEHbl NN 3KpaHa W YMEHbWWUTb HAa Ay, - HUXE MO CKNOHY, rae J - CpemHui
rpagueHT Hanopa.
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