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BBepeHue

Hacrosiuee metoguueckoe nocobue pas3paboTaHo BO UCMOSIHEHUE
MopyyeHus lMpesunpeHta Poccuiickon depepaumm ot 19 mona 2018 roga
Ne1235.

Hacrosuee nocobue paspabotaHo B passutme nonoxeHun FOCT 27751
(pasgensl 2-5, 9-11, 13, 14), a Takke CMN 63.13330, CM 28.13330, CN
20.13330 gna peanusauvmn NPoOEKTUPOBLUMKaMU TpeboBaHWUA, 3aN0XKEHHbIX B
CTPOUTENbHbLIX HOPMax W npasunax, C Y4eTOM BO3LEUCTBUSA Cpenbl
JKCTNyaTaumm Ha UX 3KU3HEHHBIA LK.

MeTtognyeckoe nocobue npegHasHa4YeHO AN WKMPOKOrO  Kpyra
CMeumnanunucToB, CBA3AHHbIX C MNPOEKTUPOBAHMEM U  UCCREAOBaHUEM
Xene3obeToHa, B TOM YMCrne MPOEKTHbIX OpraHn3aLuii, OpraHoB 3KCNepTU3bl,
HaA30PHbIX Cry0, OPraHOB NULIEH3VUPOBAHNUSA U CepTUMKaLMN.

Mpu paspabotke METOAMYECKOrO NOCOOMS ObiMM  UCNONb30BaHbI
OTAENbHbLIE NONOXEHNSA MEXAYHAPOAHBIX CTaHAAPTOB, JaHHbIE, NONYYEHHbIe
Hay4HO-UCCNeaoBaTENbCKUMU OpraHM3aUmaMy, TEXHUHECKUMU KOMUTETaMU
NPOUNbHBIX MeXAyHapoaHbIX opraHusauun PUJNIEM u ®UB, a Takke
MonoXXeHusi 3akoHopaTenbcTsa Poccuiickon depepaumym O TEXHWUYECKOM
perynvMpoBaHvn 1 O rpagoCTPOUTENBHON AESTENBHOCTH.

Mocobue  paspaboraHo  asTopckum  konnektueom  AO  HUL|,
«Ctpountensctso» — HAWKB um. A.A. 'Bo3geBa B COCTaBe: A-P TEXH. HayK
npod. B.®. CmenaHosa, A-p MaTepuanoseieHus B.P. @anukmaH, UHXEHepb!
A.A. CmapocmuH, O.0. KanawHukos, E.H. Koponesa.

OCHOBHbIM CBOWCTBOM, OMPEefenstoUM KU3HEHHBIA LMKIT 34aHuiA ©
COOpYXEeHUA B LEenoM, SBNseTCs Ge30TKasHOCTb paboTbl KOHCTPYKUMA,
COXPaHHOCTb  33AaHHbIX  3KCMNyaTauMOHHbIX  CBOWCTB B TeYeHue
onpeaeneHHoro cpoka cny»obl.

HecmoTpss Ha TO, 4TO B TexHuueckom pernameHte «O GesonacHocTu
34aHUIA U coopyxkeHun» (3 Ne 384) npsamo ynomuHaeTcss HeoBX0AMMOCTb
Takoro noaxofa, HopmaTuBHas W pokasaTtenbHas 6asa ero B Poccuickon
degepaunm noka He paspaboTaHa, UTo 3aTPYAHSAET NePEx0s Ha NPUMEHEHNe
WHHOBALUWMOHHOA MPOAYKUMM W 3aKIIOMEHUE KOHTPAKTOB C  Y4eTOM
«KM3HEHHOrO LMKna» B pamMKax rocyaapCTBEHHO-HYaCTHOrO NapTHepPCTBa.

MpoexkTupoBaHne  [JONMOBEYHOCTU  Xene30BETOHHbIX  KOHCTPYKLMIA
TPaAULMOHHO OCHOBBIBANMW Ha YCTAHOBMBLUMXCH npasunax u TpeboBaHnsx K
XapaKTepuCcTUkaMm MaTepuanos, K KauecTBy MX COCTaBNSIOLUX, K YCNOBUSM
paboTbl KOHCTPYKUMKW, C y4ETOM TPebOOBaHWA, OTPAKEHHBbIX B AEACTBYHOLLMX
OTeYECTBEHHbIX HOPMATMBHbIX AOKYMEHTax U PAAe AOKYMEHTOB 3apyOeskHbIX
CTpaH.

CerogHa Crana OYeBMOHOW ECTECTBEHHas CBS3b MEXAY KadecTBOM
COOPYXXEHUA U €ero Ccpokom cnyx0Obl. Kpome Toro, obwjas CroumocTb
CKIaablBAETCA HE TONbKO M3 CTOMMOCTU HEMOCPES CTBEHHOIO CTPOUTENBLCTRA,
HO M M3 CTOMMOCTM 3KCnnyatauum u pemoHTa. B pesynbtate B ycrnosus
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KOHTPaKTOB Ha CTPOUTENbCTBO CrOXHbIX OOBLEKTOB Tenepb BCe dalle
BKIHO4aOT TpeBoBaHNA NO AONTOBEYHOCTY COOPYKEHUS U €70 CPOKY CIyGCbl.
BosHukaeT HeobxoanMOCTL B HOBEIX MeTogax 6onee TOUHOro onpepeneHus
NPOEKTHON A,0NTOBEYHOCTU KOHCTPYKLINIA.

O6beMm uccnegosaHuii No nNpobnemam LONrOBEYHOCTU, NPOBEAEHHDBIX B
nepuoa 1970-2000 rr., pan AOCTaTOMHO HajeXHble CBeEeHUs O npoueccax
paspyLleHusi, u caenan BO3MOXHbIM BKNOYaTb UX B MPOLIECC MPOEKTUPOBaHWSA
Xenes3obeToHHbIX  KOHCTpykuuiA. [lMpu  3TOM  AOCTATOMHO  MpocTas
mMaTemaTuieckas MOAEnb AONrOBEYHOCTM, OTpakawllas xapakrep paboTbl
KOHCTPYKUMU BO BPEMEHW, WM MOAENb Cpoka cnyxObl Kak yHKUMS
COOTBETCTBYIOLLMX PACYETHLIX NapamMeTpoB, NPEeACTaBnslT coboi Becbma
LEHHbIA UHCTPYMEHT.

Ha npouecc aerpagaumn marepvanosB OKasbiBaT BO34ENCTBME MHOMME
haKTOpbl OKpYXKalOLLEn Cpefbl, O4HaKO UX MaTtemMaTuieckm TOUHOE BIUSHUE
TPYAHO OnpeAenvTb, NO3TOMY B NOCOBUWN MPUHAT BEPOATHOCTHBIN MOAXOA K
nponemMam npPOEKTUPOBAHWUSA, KOTOPbIA YYWTHIBAET peasibHyl MNpupogy
paboTbl KOHCTPYKLMW, YTO, B CBOK odepenb, obecrneumBaeT HaaeXHOCTb
pe3ynbTaToB €€ NPOEKTUPOBaHMS.



1 O6nacTtb NpUMeHeHus

B HacTosiLLeM METOANYECKOM Nocobum NpUBELEHbI OCHOBHBIE NMPUHLMMLI
NPOEKTUPOBAHNS GETOHHBIX W ene300ETOHHBIX KOHCTPYKUUA C yuyeToMm
BO30EUCTBUSA Cpefbl 3KCMSyaTauMu Ha MX JKUSHEHHBIM LMK C  LEenbto
HasHa4eHNs1 UX cpoka cnyxobl.

3agpaun paspaboTkm nocobuss — pasbACHEHWe ocobeHHoCTeln
NPOEKTUPOBaHNA 34aHUA U COOPYXEHWA C YY4eTOM BO3[AEWUCTBUSA Cpeabl
3KCMNMyaTaUmn Ha WX XKU3HEHHbIW LMKI, a TaKKe HasHauyeHUsi cpoka Crnyxobl
GETOHHBIX U Xene3oBeTOHHbIX KOHCTPYKUMA u obecrneyeHvne peanvsauuu
TpebosaHun FOCT 27751; yBenuueHue cpoka cnyxObl xene3o6eToHHbIX
KOHCTPYKLUMIA MPU MUHUMU3ALMKN 3aTpaT B NPOLIECCe SKCrnyaTauun; pasputue
nonoxeHuin CM 63.13330, CN 28.13330, CM 20.13330 ansa nOBbILLEHUA
KayecTBa BbIMOMHAEMbIX NPOEKTHbIX PaboT, COKpaLLEHUS CPOKOB U CHUDKEHUS!
CTOMMOCTU MPOEKTUPOBAHUS, a TakKKe CHWKEHUS 3KCrslyaTauMOHHbIX
N3LEPXKEK B NPOLIECCe IKCMnyaTaunn 34aHUA U COOPYKEHUN.

2 HopmaTuBHbIe CCbISIKU

B HacTosilleM MeToauMueckOoM nocobuvM UCMONb3OBaHbl CCbIIKM  Ha
crnegyoLme JOKYMEHTBI:

FOCT 4.212-80 Cuctema nokasaTenen Kavyectsa NPOAYKLUWMW.
CtpounTenecTtso. BeToHbl. HomeHknaTypa nokasarenen

FOCT 7473-2010 Cmecu 6eTOHHbIE. TeXHUYECKNe yCnosusi

FOCT 8829-94 Nspenua CTpouTenbHble »ene300eTOHHble U BETOHHbIE
3aBoAcKoro wmarotosneHus. Metogbl ucnbiTaHuin HarpykeHuem. [Mpasuna
OLIEHKN NPOYHOCTY, KECTKOCTU M TPELLMHOCTOUKOCTH

FOCT 10060—2012 BetoHbl. MeToabl ONpeaeneHns MOpPO30CTONKOCTH.
OcHoBHble TpeboBaHus

FOCT 10180-2012 bBbeToHbl. MeToabl onpeaeneHus NPOYHOCTU MO
KOHTPONbHEIM O6pasLam

FOCT 10181-2014 Cmecu 6eToHHble. MeTogbl UcnbiTaHUs

FOCT 12730.0—78 beToHbl. O6wme TpeboBaHUA K METoAaM onpeseneHns

NNOTHOCTY, BNaXHOCTHU, BOZOMNOITIOLLEHMS, NopuUCTOCTN "
BOJ OHENPOHULIAEMOCTH

FOCT 12730.1-78 beToHbl. MeTog onpeaeneHus NNoTHOCTA

MOCT 12730.5-84 BeToHbI. MeToabl onpeaenenna
BOJ,OHEMNPOHULIAEMOCTH

FOCT 13015-2012 W3penus xene3o0eToHHble U 6eTOHHble Ans
crpoutenbcrea. OOwwme TexHudeckne TpebosaHus. [MpaBuna npuemky,
MapKUpOBKM, TPAHCNIOPTUPOBAHWSA N XpaHEHNs

FOCT 17624-2012 BeTOHbl. YNbTPa3ByKOBOW METOA OnpeaeneHus
NPOYHOCTM

FOCT 18105-2010 BeToHbl. MpaBuna KOHTPONSA U OLIEHKM MPOYHOCTU



FOCT 22690-2015 BeTtoHbl. OnpeaeneHne NPOYHOCTU MEXaHUYECKUMN
METOAaMM HEpa3pyLLAKLLEro KOHTPONS
FOCT 24211-2008 [HobaBkn pana 6etoHoB. OO6LWME TexHUYEckue

TpeboBaHua

FOCT 25192-2012 bBetoHbl. Knaccudpmkauma n oblime TexHudeckue
TpeboBaHus

F'OCT 26633-2015 BeToHbI TsXenble 1 MenKo3epHUCTble. TexHnyeckve
ycnosus;

FOCT 27005-2014 BetoHbl nerkve n avenctble. lNpaBuna KOHTpOMs
cpenHen nnoTHOCTU

FOCT 27006—2019 BetoHbl. lMpasuna nogbopa cocTtasos

FOCT 27751-2014 HapeXHOCTb CTPOUTENbHbLIX KOHCTPYKUMA W
ocHoBaHWA. OCHOBHbIE MONOXEHWS

FOCT 28570-90 betoHbl. MeToabl onpeaeneHnss MNpPoOYHOCTU Mo
obpasuam, oToBpaHHbIM U3 KOHCTPYKLUA

MOCT 31937—2011 3paHuna n coopyxeHnus. Npasuna obcnefosaHua u
MOHUTOPUHra TEXHUYECKOrO COCTOSAHUA

FOCT 31384—2017 3awmrta GETOHHbIX U }ene300eTOHHbIX KOHCTPYKLWIA
OT koppo3un. O6Lme TexHudeckmne TpeboBaHus

FOCT 34028-2016 [lpokaT apmaTypHblii AN  Xene3oBeTOHHbIX
KOHCTPYKUUA. TexHn4eckune ycnosus.

FOCT P NCO 10005-2007 MeHepxmeHT opraHusauun. Pykoeogsiime
yKasaHusa no niaHupoBaHWIo KavyecTsa

FOCT P 57359-2016 KoHCTpykummn 6eToHHbIE. MpaBuna usrotoBneHns

CN 20.13330.2016 «CHull 2.01.07-85* Harpyskun un BO3gencTsusa» (C
nameHeHusamm Ne 1, Ne 2)

CM  22.13330.2016 «CHull 2.02.01-83* OcHOBaHWA 3paHWn 1
COOpYXeHMN» (C nameHeHmamm Ne 1, Ne 2, Ne 3)

Cn  28.13330.2017 «CHwll 2.03.11-85 3awmra CTPOWTENbLHbIX
KOHCTPYKLMIA OT KOPpo3umy (C n3meHeHnsmMmn Ne 1, Ne 2)

CI148.13330.2019 «CHwuI1 12-01-2004 OpraHnsaums CTponTeNbCTBa»

CI 50.13330.2012 «CHwI 23-02-2003 Tennosas 3awmTta 3aaHuiA» (C
nameHeHnem Ne 1)

CIN 63.13330.2018 «CHwIT 52-01-2003 BeTOHHbLIE U XeNe300eTOHHbIE
KOHCTPYKUMU. OCHOBHbIE NONOXEHUSA» (C M3MeHeHnem Ne 1)

Cn 70.13330.2012 «CHwull 3.03.01-87 Hecywwme un orpaxaawowme
KOHCTPYKUMU» (C nameHeHuamm Ne 1, Ne 3)

CN  72.13330.2016 «CHwll 3.04.03-85 3awmta CTPOMTEMNbHbLIX
KOHCTPYKLMI 1 COOPYXEHUIN OT KOPPO3nm» (C nameHeHuem Ne 1)

Cln  130.13330.2018 «CHwuIl 3.09.01-85 [Mpons3BoacTBO COOPHBLIX

Kene306eTOHHbIX KOHCTPYKLMIA U U3Aenuin»

Mpumeyarune —lNpu NONb3oBaHNN HACTOSILLVIM METOAMYECKUM Nocobuem LienecoobpasHo
NpoBEpUTL AENCTBIE CChINOYHBIX JOKYMEHTOB B MHOPMALMOHHON cUCTeME OBLLEro nomb3oBaHus
— Ha oduynansHom cante PenepanbHOro areHTCTBa MO TEXHWYECKOMY PErynupoBaHui K
METponorMM B CeTW  MHTepHET WUNM MO €XKErogHoMy WHMOPMALMOHHOMY — YykasaTemno
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«HauuoHarbHble CTaHAapTbI», KOTOPLIN ONyGnMKOBaH NO COCTOSHUIO Ha 1 SHBapS TekyLlero roaa,
1 MO BbINyCKaM EXeMEeCSIHHOro MHMOPMaLMOHHOro ykasatens «HauuoHanbHble CTaHAapTbi» 3a
TeKyLUUIA rof. ECnmn 3ameHeH CCbINoYHbIv OKYMEHT, Ha KOTOPbLIN faHa HeaaTMpoBaHHas CCbINka, TO
PEKOMEHYETCA UCMOMb30BaTh AENCTBYIOLLYIO BEPCUIO 3TOr0 JOKYMEHTA C YYETOM BCEX BHECEHHBIX
B [AaHHYH BEpCUIO U3MEHEHWW. Ecnn 3ameHeH CCbINOYHbIA AOKYMEHT, Ha KOTOpbIA JaHa
AaTMpOBaHHasA CChINKa, TO PEKOMEHAYETCSI UCMOMNb30BaTL BEPCUIO 3TOrO AOKYMEHTA C yKasaHHbIM
BbilLE FrOAOM YTBEpXAeHUs (NpuHATUS). Ecnn nocne yTBEPXKAEHUS HAaCTOSLLEro METOAUYECKOrO
NnocoBusi B CCbINTOYHbBIN JOKYMEHT, Ha KOTOPbIN faHa AaTUPOBaHHAsS CCblfka, BHECEHO U3MEHEHME,
3aTparyBarolee MNONoXKeHWe, Ha KOTOpOe faHa CCbiNKa, TO 3TO MONMOXEHWE PEeKOMeHAyeTCs
npuMeHATL 6e3 yJeTa JaHHOro U3MeHeHMs. ECM CCbINOUYHbIN JOKYMEHT OTMEHEH 6e3 3ameHbl, TO
MomnoXeHne, B KOTOPOM JaHa CCbiNka Ha Hero, PEeKOMEHAYETCH MPUMEHSATb B 4acTu, He
3aTparvBaroen aTy ccoinky. CeefeHus o JelCTBUM CBOAOB NpaBun LenecoobpasHo NpoBepUTh B
deaepanbHOM UHDOPMaLMOHHOM (DOHAE CTaHAAPTOB.

3 TepMmuHbI ¥ onpeaeneHua

B HacTosiLeM MeToguyYeckoM nocobun npumMmeHeHbl TepmuHbl no MOCT
25192, TOCT 27751, TOCT 31384, CI 28.13330, CI1 63.13330, CI 72.13330,
a Takxke cnegyroLlime TeEpMUHbI C COOTBETCTBYHOLLMMU ONpeeneHnsaIMu:

3.1 6esonacHOoCTbL 3KcnnyaTtauuu: CnoCoOBHOCTb KOHCTpyKUMM C
ONpPeneneHHON CTENEHBIO HAASKHOCTU CONPOTUBNATLCA Pa3pyLLUEHUIO.

3.2 BepOATHOCTL pa3pyLieHua: BepoaTHOCTb BO3MOXHOMO paspyLLeHUs.

3.3 Bo3pacT: Neproa BpeMeHn OT MOMEHTa BBOZA B IKCMJlyaTtauumio 4o
MOMEHTa ocMoTpa (06cnesoBaHus).

3.4 aerpagauuoHHas Moaen.: MaTtemaTtuueckas PyHKUMSA,
onucbiBaroLwas NpoLecc Agerpagaummn BO BPEMEHN.

3.5 perpapauus: lNMocteneHHoe yxyjLleHne 3KCnnyaTauuoHHbIX KauecTB
MaTepuana Unm KOHCTPYKUUN.

3.6 ponroBe4HOCTb: CNOCOBHOCTL COOPYXXEHUS, €ro OTAENbHOro y3na,
3NeMeHTa, KOHCTPYKLIUK U U3AENUst COXPaHATb MUHUMAaNbHO HEOBXoAMMbIE
3KCrnyaTaUMOHHbIE KayecTBa B TeYeHWe, NO KpanHen Mmepe, 3agaHHoro
nepvoja BpemMeHu Noj Bo3aencTemeM (hakTopos Aerpajaumn.

3.7 3apaHHbI CpOK cnyxObl: Tpebyembln Cpok  cryxObl,
yCTaHaBnMsaemblii O6LLMMM HOpMATUBaMM UMW 3a4aHUEM 3aKasumka unu
Bnagensua 3aaHns Unmn CoopyKeHUs.

3.8 KBaHTUJb: 3HayeHune, KOTOPOE 3afaHHas ClydvalHas BefMynHa He
npeBbILAaeT C PMKCUPOBAHHON BEPOATHOCTLIO.

n puMmevyaHune — Ecnun BEPOATHOCTL 3ajaHa B NpoUeHTax, TO KBaHTUIb HasbiBaeTCA
NpoUeHTUNEM UMK NepLeHTUNeM.

3.9 koadppuumeHT HapexHocTU no Bo3pacty: KoadbduumeHT, Ha
KOTOPbIA YMHOXAIOT 3afaHHbIA CPOK Cny»xObl, YTOObI MONYYMTb MPOEKTHLIN
CPOK Cny>x0Bbl.

3.10 kpuTUYeCKoe npenensHoe coctosiHue: COoCTosiHNE, CBA3aHHOE C
obpyLleHnem nnu apyrumm nogobHsIMn oopmamm paspyLUEHNUS KOHCTPYKLMA.

3.11 mexaHusMm pgerpagauumm:. [locneaoBaTenbHOCTb  XUMUYECKUX,
MEXaHWYECKUX NN (PUNYECKMX U3MEHEHWUI, KOTOpbIE BedyT K yXYALUEHUIO

3



OAHOM WNN HECKONbKUX COCTaBMSIOWMX MOA BO3AENCTBMEM OAHOMO W©3
HaKTopOB Jerpagaumm v nx KoMouHaumm.

3.12 mopenb ponroBe4yHocTU: MaTematuueckas MoOAenb pacyeTta
npouecca ferpagaunmn, paboTkl UM NPOACIKUTENBHOCTU CpoKa Cry>Obl.

3.13 wmopenb dyHKUMOHanNbHOCTU: MaremaTudeckas pyHKUWS,
OTpaxarLasa U3MeHeHNe 3KCMIyaTauMOHHbIX KayeCTB BO BpPEMeEHU (unu ¢
BO3pPacToM).

3.14 HapyweHue [ONroBeYHOCTU: [IpeBbileHNEe MaKCMManbHON
aerpagauuy Unm CHUXKEHUE MUHUMAnbHBIX 3KCNyaTauUOHHbIX Ka4ecTs.

3.15 noBpexaeHue: [llpouecc yxyALUEHUS KadecTBa WNKN CHWKEHWS
CTOUMOCTM.

3.16 npepenbHoe COCTOAAHME MO AONroBevyHocTu: MuHUManbLHO
NpUeMnemMoe COCTOSIHUE 3KCMMyaTauMOHHbIX KayeCTB UMM MakCMMarnbHO
npuemnemMasi CTeneHb gerpagaumn.

M punmMedYyaHune — o710 npefensHoOe COCTOoAHNE MOXEeT onpeaenaTtbCa no npeaeny
SKCMIyaTaunoHHbIX Ka4ecTB U No NpefenibHOMY COCTOAHUIO KOHCTPYKLIMK.

3.17 npepenbHOe COCTOSIHWE IKCNAyaTauUMOHHON NPUrogHOCTU:
CocTosiHMe, COOTBETCTBYIOLLEE YCNOBUSAM, 3a nNpejenamum  KOTOPbIX
YCTaHOBIEHHbIE 3KCMMyaTaUUOHHbIE Ka4eCTBa KOHCTPYKLMW Unn ee anemMeHTa
nepecTalrT OTBeYaTb HEOOXoAUMbIM TPeboBaHUAM.

3.18 npouecc perpagaummn: 3aBUCALLMIN OT BPEMEHU MEXAHU3M,
BEAYLLUMA K gerpajauum.

3.19 nNpoYHOCTHOW pacyeTHbIN napameTp: CBoWCTBa Marepuana,
reOMeTpuveckme pasMepbl  KOHCTPYKUMM WM ee  3JNeMeHTa, Wiu
pacnonoXxeHve apmaTtypbl, KOTOpble MOMYT BAMATb HA JONTOBEYHOCTb
KOHCTPYKLW.

3.20 paspywieHue: PeHOMEH yXyLLEHNSA COCTOAHUA HUXE NPeaenbHOro
YPOBHSA (Npeaen SKCrnnyaTauMoHHbIX KaueCTB MU KpUTUUYECKoe npeaenbHoe
COCTOSIHUE).

3.21 pacyeTHbIA napameTp [AOOMrOBEYHOCTU: XapakTepuctuka
mMaTepuana, reoMeTpuieckme pasmepbl KOHCTPYKLMM UMK e SneMeHTa, unm
pacnonoXxeHve apmaTtypbl, KOTOpble MOMYT BAWSITb Ha JOMrOBEYHOCTb
KOHCTPYKLW.

3.22 pacueTHbIN CPOK cnyx0bi: Cpok cny>Obl, NPUMEHSIEMbIV B pacyeTe
KOHCTPYKLWW, YYUTbIBAKOLLMIA CBA3AHHbIE CO BPEMEHEM pa3bpochl 3HAYEHWI U
obecneumsatolmin - Tpebyemyro  6e3onacHOCTb NPOTMB  OOpyLleHWs Ha
NPOTSKEHUW BCEro 3aA4aHHOro nepuoga sKkcnnyaTaumm CoopyxeHus.

3.23 puck: MNMpounsBegeHre BEPOATHOCTU pa3spyLleHus Ha o6bem yuwlepba.

3.24 cpok cnyx6bi: NMepuog BpemMeHn Nocne Bbinycka U3genvsa v nycka
KOHCTPYKLMK B 3KCMNyaTaumio, B TEYEHNE KOTOPOro Bce Tpebyemble kauecTsa
COOTBETCTBYIOT UMW MPEBLILLAKT MUHUMANBHO NpUeMIeMble 3HaYeHnsa npu
HOpMaJsibHO BbIMOSHAEMbIX MEPOMPUATUAX NO COAEPMKAHUID.

3.25 cpaktop perpapaumu: Jlo6as 13 rpynn BHELUHUX (aKTOPOB,
BKMIOYAs  KNUMaTUyeckue  ycnosusi,  GuMonorMyeckoe  BO3JEUCTBUE,
Hanps>KeHusi, HeCOBMECTMMOCTb KOMMOHEHTOB, Xapakrep 3KchnnyaTtauuw,
4



OKasblBaKOLWMX OTPULIATENBHOE BMUSIHME HA XapaKTEPUCTUKN CTPOUTENbHBIX
MaTep1anos 1 NX COCTaBMSAOLLX.

3.26 dyHkumoHanbHOCTL: CTeneHb BLINOMHEHWUSA  KOHCTPYKLUMEN
npeAHasHaYeHHbIX PyHKLNA.

3.27 akcnnyatauMoHHasA NpUroaHocTb: CnocobHOCTb COOPYXEHUS, ero
OTAENbHOrO y3na, 9neMeHTa, W3LENUs WNU  KOHCTPYKUMM  BbIMOSHATL
3KCMNyaTaumoHHbIe (OYHKLMK, [ANS KOTOPbIX ODBLEKT MPOeKTUpoBancsa wu
NCnonb30Bancs.

4 OCHOBblI NpPOEKTUPOBAHUA GETOHHLIX M XeNne306eTOHHbIX
KOHCTPYKUMIA NO CpoKaMm MX cnyXObl C y4yeTOM BO3AENCTBUA cpeabl
SKCnyaTauum Ha UX XXU3HEeHHbIN LKn

4.1 KoHuenuuu AonroBeyHoCcTn

4.1.1 PaboTa KOHCTPyKUMK 1 ee aerpagaums

4111 Toag TepMuHOM «paboTa» OObIMHO MOHMMAT MOBEAEHNe
KOHCTPYKLMKW Ha cTagum akcnnyataumu. B npuHumne, pa6otocnocobHocTs
KOHCTPYKLIMN MOXHO CBSI3aThb C €€ HecyLLleil CroCOBHOCTLIO, YCTOMYMBOCTHIO,
©e30MacHOCTbIO  3KCTnyaTauun, MAOTHOCTbK,  MMrPOTEPMUYECKUMU U
aKyCTUYECKMI CBONCTBaMU, BHELLHUM BUAOM U T.4. B KOHTeKkcTe nocobus nog
TEPMMHOM  «paboTa»  MOAPAsyMEBAETCsl  TOMbKO  KONMYECTBEHHAs
XapakrepucTuka.

4.1.1.2 PaboTocnocoGHOCTb — PYHKLMS BPEMEHM 1, C 3TON TOUKW 3PEHUS,
NPAMO CBSA3aHa C MOHSATUEM [ONTOBEYHOCTW. [erpajauuvsi npepcrasnsier
coBoi NpoLECC NOCTENEHHOTO CHIPKEHWUSA XapakKTEPUCTUK paboTocnocoGHOCTH
BO BPEMEHW, NO3TOMY OnucaHne paboToCnoCOGHOCTM MOXHO OCYLLECTBNATb
yepes cTeneHb Aerpagauuu.

4.1.1.3 KoHuenuuun paboTocnocobHOCTU U Aerpagauymmn BO BpEMEHU MOryT
NPUMEHSATLCS HA Pa3NNYHbIX YPOBHSIX:

- Ha YPOBHE COOPYKEHWUN;

- Ha YPOBHE OTAEMNbHbIX KOHCTPYKTUBHbBIX 3NTEMEHTOB;

- Ha YPOBHE MaTepranos.

Mesxay 3TUMK yPOBHAMW BO3MOXHbI B3AUMOCBSA3W. Tak, ecnu, Hanpuwvep,
onpeaensioT HECYLLYH CNOCOBHOCTL »ene3o0eTOHHON KONOHHbI unu Ganku,
3agaya B [JENCTBUTENbHOCTM pPELUAETCsl Ha YPOBHE KOHCTPYKTUBHOMO
anemeHta. C Apyro CTOpOHbl, B 6Gonee rnybokoM cCMbicrie, Hecyllas
CnocobHOCTe OyaeT 3aBUCETb OT Jerpagaumm G6eToHa UM crtanu. Takum
obpasom, un3meHeHve paboTocnocOGHOCTM BO BPEMEHW Ha YpOBHE
KOHCTPYKTMBHOIO 3MEMEHTa JOMKHO BHayane OLEHMBAaTbCA Kak CKOPOCTb
n3meHeHus1 paboTocnocoBHOCTU Ha ypOBHE MaTepuanos.

4.1.1.4 MyHUManbLHO npueMnemMble 3HadYeHus paboTocnocobHOCTU (unn
MaKCcUMasibHO NpuemriemMble 3Ha4eHUs ferpaganum) HasbiBaroT NpeaenbHbIMU
COCTOSHUSIMU no JONrOBEYHOCTH. MpegenbHoe COCTOSHNE
paboToCnoCOBGHOCTN — pPeLLaLLWA KPUTEPUIA AN Cpoka cnyx6bl. OHO MOXeT
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BblpaXaTtbCA KaK 4epes npegen npoYHOCTW, Tak W 4depes npejen
3KCnnyaTaunoHHOM APUrogHOCTN.

4.1.2 Cpok cnyx6Gbl

4.1.2.1 3a cpok cnyxBbl MPUHUMAIOT NEPUO] BPEMEHMN, OTCHUTLIBAEMBbIIA
OT nycka obbeKkTa B IKCMMyaTauuio, B TEYEHWEe KOTOPOrO BbIMOMHATCS
TpebosaHna no ero paboTocnocoCHocTW. MoHsTME cpoka cnyxbBbl Takke
MOKET PacCMaTpVBaTLCA Ha PasnUUHbBIX YPOBHAX. Xapakrep MeponpusiTui,
BbINOMHAEMbIX B KOHLIE Cpoka cnyxObl, 3aBMCUT OT BbIGPaAHHOrO ypoBHs. Ha
YPOBHE COOPYXEHUSI OKOHYaHWe cpoka cnyxObl 0ObMHO BRe4veT 3a coboM
NOJSIHOE BOCCTAHOBIEHWE, PEKOHCTPYKLMIO UMW OTKa3 OT ero UCNorb30BaHus.
Ha ypoBHE KOHCTPYKTMBHOrO 3feMeHTa WM Ha YpOBHE MaTtepuana 3To
O3Ha4aeT 3aMeHy Unu CePbe3HbIN PEMOHT 3NIEMEHTa UK MaTepuana.

4122 C ppyrod CTOpOHbl, npobnemy cpoka cnyxObl MOXHO
paccmaTpuBaTb MO KpalHeln Mepe C TpexX pasfuuHbIX TOUEK 3PEeHUs:
TEXHWYECKON, (OYHKLUMOHANbHOM U 3KOHOMMYEckon. B 3aBucumoctn ot
BbIGPaHHOM TOYKUN 3PEHNA MOXHO FOBOPUTH O TEXHUYECKOM, (PYHKLIMOHANBHOM
UM 3KOHOMWYECKOM OOOCHOBaHMM Cpoka CryxObl. PasnuyHbie TOUKK 3peHust
3aCTaBnSIOT NPEAbABNATb K OAHOMY M TOMY e OOBLEKTY pasnuyHble
TpebosaHus.

4123 TexHuyeckme TpeboBaHMS  BbI3blBAIOT  HEOOXO4UMOCTb
obecneyeHns  TEXHUYECKMX  XapaKTEPUCTUK  paboTocnocobHocTU. B
3aBUCMMOCTW OT YPOBHSA PAacCMOTPEHUSA K YMCY Takux TPeOOBaHW MOXHO
OTHECTWN KOHCTPYKTUBHYIO LIENOCTHOCTb COOPYXKEHUS, HECYLLY CNOcOBHOCTb
KOHCTPYKLMW W/UWM NPOYHOCTb MaTtepuanos. 3HauuTenbHas 4acTb 3TUX
TpeboBaHu BKNOYEHA B COCTAB HOPMATUBHbIX JOKYMEHTOB.

4124  OyHkUMOHanbHble  TpeboBaHWs  ONPeAensalT  xapakTep
HOpPMAasibHOrO WUCMOMNb30BaHUSA COOPYXEHUSI Unn KOHCTPpyKUuWM. Hanpumep,
LUMPUHY W BBLICOTY MOCTa HasHa4alT B 3aBUCUMOCTU OT noTpebHocTen
TPaHCMopTa, ABWXYLLEroca Kak no MOCTY, Tak U nof HUM. B atom cnydae
NPOAOIMKUTENBHOCTL CPOKa Crny»Obl OyAeT 3aBUCETb, B NEPBYIO OYEPEAb, HE
CTOMbKO OT TEXHWUYECKOro COCTOAHWUSI KOHCTPYKLMW, CKOMbKO OT Xapaktepa
passutuss TpaHcnopta. C TOYKM 3PEHMA  SKOHOMUKW, COOPYXKEHME,
KOHCTPYKTMBHBIA ~ 3MEeMEHT WNKM  MaTepuan  paccMarpuBalT  Kak
kanutanosnoxexve, W TpeboBaHWA K Cpoky cnyxObl OnNpesensoT Ha
OCHOBaHWK ycnoBwusa cobnogeHns npubbibHOCTK.

4125 B KoHTekCTe nocobus npobnembl  cpoka  Cryxbbl
paccMaTpuBaloTCsl, B OCHOBHOM, C TOYKW 3PEHUS TEXHWYECKOro COCTOSHUS
KOHCTPYKLMN. TEXHUYECKNIA NOAXOS, COCPELOTOUMBAETCS Ha TPEX acrekTax:

- Pusnyeckas paboTta KOHCTPYKLUK;

- 3KCNNyaTauMoHHasa NPUrogHOCTb U YA0OCTBO NOMb30BaHUS;

- acTeTUKA.

MNpn 9TOM OCHOBHOE BHUMaHWE YAEnseTcsd UINYECKUM U WHbBIM
KOHCTPYKTUBHBIM (DYHKLIMSIM KENe306ETOHHbBIX KOHCTPYKLINIA.



4.1.2.6 Hecywasi cnocoBHOCTb COOPYKEHUST MOXET ObiTb NOTEpsiHa M3-3a
perpagaumn 6etoHa n apmatypbl. poekTMpoBaHMe KOHCTPYKLWIA AOITKHO
BECTUCb Takum obpasom, 4ToObl Ha NPOTAXEHUM BCEro 3aJaHHOro Cpoka
cnyx6bl, HECMOTPA Ha Aerpajaumio u cTapeHve matepuanos, obecneumsarsncs
6bl MVHUManNbHBIA ypoBEHb Ge30NacHOCTU.

4.1.2.7 [edbekTol mMaTepuanosB TakkKe MOMyT NPUBOAUTL K CHWDKEHUIO
3KCNNyaTauMoHHON MPUrOAHOCTN UMM K BO3HUKHOBEHMIO HeypobcTBa
nonb3oBaHnsa coopyeHuem. Hanpumep, nospexaeHne 6€TOHHOro NOKPbLITUS
Npoe3Xen YacTn AOPOXKHOro NONOTHA MOXET BbI3BaTh HENPUATHYIO BUGpaLmio
aBToMobuns.

4.1.2.8 3cTteTndeckme coobpaxeHus BKMOYAT B COCTaB TEXHUYECKNX
TpebosaHui, ecnn acteTudeckme AedeKTsbl BOHUKAKOT U3-3a gerpajauum nnu
CTapeHust matepuanos. B aTom cnyyae actetuueckne TpebosaHns MoryT GbiTb
BbIPaXKEHbI B TEXHUYECKUX NOHATUSX.

4.1.2.9 TouHOe onpeaeneHne cpoka CnyObl KOHCTPYKLMW OCINIOXHAETCSA
TEM, YTO B TEYEHWE 3TOr0 CPOKa BbIMONHAKTCA NMaHOBble MEepPOonpUATUA No
yxony v obcnyxusaHuio. Meponpusatua no o6CnyXuBaHUIO W yxopy 3a
COOpPY>XEHNEM MOTYT BMUATb Ha NPOAOMKUTENBHOCTb €ro Cpoka CrnyxGbl, n
NO3TOMY OHMW TaloKe AOMKHbI ObiTb BKMIOMEHbI B paccmoTpeHue. o aton
npuyvMHe B OMNpeAeneHUn TepMUHa «CpoK CnyxGbl» UMEETCA AONONHEHne:
«npu ycnosun obecneyeHns nnaHoBoro obcnyxueaHus». Cpok cnyxObl,
3asBfIEHHbIN  3aKa3YMKOM UNW  BRajenbLueMm COOpYXeHWa npu  ero
NPOEKTUPOBaHWUW, Ha3bIBaAKOT 3af,aHHLIM CPOKOM CNyXObl.

4.1.3 BeposATHOCTb paspyLueHns

41.3.1 B BepoATHOCTHOM METOfE MPOEKTUPOBAHUA [OMrOBEYHOCTU
HeobXxoAMMO MMETb B BWAY HE TONBKO 33A4aHHbI CPOK CnyXObl, HO U
onpeaenUTe MakCUMarbHO AONYCTUMYIO BEPOSATHOCTb TOMO, YTO 3aAaHHbIA
Cpok cnyx0bl He OyaeT pAOCTUrHYT. 3Ty BEpPOATHOCTb HasblBaKOT
BEPOATHOCTbIO paspylueHust. C ApYyro CTOPOHbI, BEPOSTHOCTb paspyLLEHUs
MOXHO 0603HauMTb Kak BEPOSATHOCTb TOrO, YTO By eT NpeBbILLEHO HEKOTOPOE
npeaenbHoe COCTosiHWe, onpeaensiemMoe npeaenbHblM COCTOSIHUEM HecyLlen
CNOCOBHOCTM ~ MNM  NpefenbHbiM  COCTOSHWEM  3KCMlyaTauvoOHHON
NpUroaHoOCTH.

4.1.3.2 Ecnu paspyLueHne Bbi3BaHO Aerpajauver matepuanos, 0OblYHO
NMPUMEHSAIOT BblpaXEeHWe «HapyLIeHWe A0ITOBEYHOCTUY, YTOObl OTNNYUTD €ro
OT «(pM3nyeckoro paspyLUeHUa», KOTOpPOE BbI3blBAIOT pearibHble dusndeckune
Harpy3ku. OfHako HapyLUeHWe [OMrOBEYHOCTU MOXET ObiTb OAHON U3 NPUUUH
PU3NYECKOro pas3pyLLEHUS.

4.1.3.3 Tpebyemas BEpPOATHOCTb PaspyLUEHUA 3aBUCUT OT TOTO, KaKUM
obpaszom onpeaensoT cobbiTUe paspyLLEHUS U KAKUE NOCINEACTBUS BOSMOXHbI
B pesynbTare paspylweHus. Ecnu paspylieHue npusBOAUT K CepPbesHbIM
MOCNEACTBUAM, MaKCUManbHO [ONyCTUMasi BEPOATHOCTb paspyLUeHUs
JpomkHa ObITb, ECTECTBEHHO, Marnon.



41.3.4 Ona oOueHKN MOCNeacTBUA paspyleHus OObIMHO MPUMEHSIOT
KOHLENUWMIO pUCKa, NoJ KOTOPbIM MNOHMMAIOT NPOWU3BEAEHUE BEPOATHOCTU
paspyLieHus n obbema yulepba.

4.1.3.5 B obwem cnyvyae, npu onpegeneHun Tpebyemon BepoATHOCTU
paspyLleHus HeoBXOAMMO yuMTbIBATh COLUMAnbHbIE W 3KOHOMUYECKMNE
KpUTEPUW, a TarKe KpUTEPUU, CBSA3aHHbIE C COXPaHEHVEeM OKpyXaroLlen
cpenbl.

4.1.3.6 B cocTaB coumanbHbIX KpUTEPUEB AOMKHbI BKIKOYATLCA:

- counarnbHOe 3HaYeHe COOPYXXEHUA UMK KOHCTPYKLUUW,

- MOCNeACTBUSA paspyLUEHNs (UNCHO BO3MOXHbBIX XEPTB U T.4.);

- TPYAHOCTb onpeaeneH1s YpoBHS puUcka.

4.1.3.7 BaXHOCTb 3KOHOMMUYECKUX KpPUTEPUEB ONPEAEnseTcs TeM, 4TO
nobon nepepeis B paboTe NpeanpuSTUS, BbI3BAHHbLIN Pa3pyLLEHWMEM, MOXET
NPUBECTU K 3HAYUTENbHbIM 3SKOHOMUYECKUM MOTEPSM, HECPaBHUMbIM CO
CTOMMOCTbIO CTPOUTENbLCTBA.

4.1.3.8 B noaxoge, ucnonb3yoLemM nNpuHUMNbl YCTOMYUBOrO pasBuTUS,
HEOBX0AMMO Y4YUTbIBaTb Takke MPUPOAOOXPAHHBIE W 3KONMOTUYECKUE
KpuTepun. B HEKOTOPbIX Criydasx aBapus CTPOUTENbHbBIX KOHCTPYKLMA MOXET
BbI3BaTb 3konornyeckoe 6eacrtaune. B 0OblYHbIX 3gaHUAX NPOAOIKUTENBHBIN U
6e3onacHbIn CPOK aKkcnnyaTaummn obecneunmBaeTca Yalle BCero Torga, koraa
UX NPOEKTUPYIOT C cobnogeHnem TpeGoBaHWIn 3KONOTUMM N NPU 3KOHOMHOM
pacxofoBaHUN CTPOUTENbHBIX MaTepuanoB, a camMmu matepuanbl npu ux
NPON3BOACTBE He BbIAENSAIOT U He nornowarT 60nbLIOro KoNMYecTsa
SHEpruu.

4.1.3.9 HeonpeaeneHHOCTb NO NOBOAY KOHEYHOro KavyecTsa 3jaHus Ha
CTaagun NPOEKTUPOBAHUS 3HAYUTENBHO BbILLE, YeM ANS YKe CYLUECTBYHLLUMX
34aHui. MoaToMy ANs CyLIECTBYHOLMX 3aaHMiA Tpebyemblin 3anac NpoYHOCTU
MOXeT OblTb MEHbLUMM, YeM AnA MPOeKTUPYEMbIX, B TO BPEMS Kak
BEPOATHOCTb paspyLUeHWA Kak ANS OAHWX, Tak W ANS ApYyrux, B npuHUMNe,
oAanHakoBa. o 3ToW Xe MpuyYMHE MOXHO YTBEpPXAaTb, YTO MPU OLEHKe
BNUSIHWA Aerpagaummn Ha noBefeHWe KOHCTPYKLUMM B BONbLUMHCTBE Cryyvaes
MOXHO MPUMEHUTb OfHY U TY K& TEOPUIO KaK ANsi CYLLECTBYIOLMX, Tak U Ans
NPOEKTUPYEMBIX COOPYXeHWUN. EAVHCTBEHHaA pasHMLA 3aKk/04YaeTcs B TOM,
4YTO, B KOHEYHOM CYETe, 3anac NMPOYHOCTU ANA CYLUECTBYIOLUMX COOPYXEHUN
HasHa4yaeTCa MeHbLUMM, YeM A1 COOPYXEHWN Ha CTaAuu NPOeKTUPOBaHUS.

4.2 MeToAabl NPOEKTUPOBaHUSA AONITOBEYHOCTHU

4.2.1 O6Lme nonoxeHus

4211 Teopusa nNPOEKTUPOBaAHWA AOMTOBEYHOCTW, B  NPUHLMNE,
OCHOBbIBaETCA Ha Teopun 6e30NacHOCTU (UM KOHCTPYKTUBHOW HAZEXHOCTN),
NPYMEHAEMON B MPOEKTUPOBAHWN CTPOUTENbHBIX KOHCTPYKUMA. B aTom
KOHTEKCTe nop 6e30nacHOCTBI0  JKCMyaTaumMm MOHUMAKT  CnOCOBHOCTh
KOHCTPYKLMW C ONPefeneHHON CTEMeHbl HaaeXHOCTM COMpPOTUBNATLCA
paspyLLEHUO, COMPOBOXAAEMOMY pPas3fNUYHbIMKM MNOTEHUMANbHO OnacHbIMK

8



BO3AENCTBUSAIMU, XapaKTEPHLIMU AN NpefHa3HAaYeHWs KOHCTPYKUMK. OfHaKo
NpUMEHeHne 3TON TEOpUM [O CEro BPEeMEHW orpaHuuMBanocb B GonbLuei
CTEeneHn 3agavamu, B KOTOPbIX BPEMS Urpano NuLLib NOAYMHEHHYIO POb.
4212 B HacTosiluee BpemMs NPOEKTUPOBAHWE  KOHCTPYKUMM C
ofecrneyeHHbIM 3aMacoM HafEXHOCTM NOoApasyMeBaeT Y4YeT BPEMEHU, B
TeUYeHUe KOTOPOro [AOMKHbI BLIMNONHATECA TpeboBaHust HesonacHocTu
akcnnyatauuu. [dpyrummn cnosamun, HeOGXOaMMO BBEAEHUE TpeboBaHMs Ha
rapaHTMPOBaHHbIA CPOK CryXObl. B npakTuke NpoeKTUPOBAHUSA KOHCTPYKLMIA
€ro HasblBaloT 33f,aHHbIM CPOKOM CryXObl. YpoBeHb 6e30NacHOCTM Npy 3TOM
BbIPaXAIOT KaK MakCMManbHO JONyCTUMYIO BEPOSITHOCTb Pa3pyLUEHUS.

4.2.2 BeposiTHOCTHaA Teopusa paspyLUEHNs N CPOK CryxObl

4.2.2.1 lMpocTeiwan matemaTndeckas Mogenb, onucbisarowas coobiTne
«paspyLleHne», BKIOYAET MNEPEMEHHYI0 Harpyskm S U NepemeHHyio
Npo4YHOCTM R. B npuHUMne, nepemMeHHble S n R MOryT MMeThb nioboe sHaueHne
B NtoBbix eguHuLlax. EAMHCTBEHHON TpeboBaHWe, KOTOPOe Npu 3TOM JOMKHO
ObITb COBMIOAEHO, COCTOUT B TOM, YTO OHU LOMMKHbI OblTe B O4HON cCucTeme
eauHUL,.

4.2.2.2 Ecnu R n S He 3aBUCSIT OT BPEMEHM, TO CODbITME «paspyLUEHNEY
MOXHO BbIpasuTb CneayrLwmmM o6pasomM

{paspyweHue} = {R < S}. (4.1)

Jpyrumu criosamu, paspylleHue HacTynaeT Toraa, Korga npoqHOCTb
CTaHOBUTCA MEHbLLE Harpysku. B aTOM criyyae BepOsiTHOCTb paspyLueHus Py
Tenepb onpegenseTcs ycrnosmem

Pr=P{R<S}. (4.2)

4.2.2.3 Kak nNpoyHOCTb R, Tak W Harpyska S, unu oHu obe moryT ObiTb
BENUYMHAMY, 3aBUCALLMMU OT BpemMeHu. Takum obpas3om, BeposTHOCTb
paspyLueHus Taike Oyaer 3aBuceTb OT BpemeHwn. MpuHnmana R(1) u S(1) 3a
3HaYeHWsA NPOYHOCTU U HarpyskM B MOMEHT T, BEPOSITHOCTb paspyLueHus B
BO3pacTe { MOXXHO BbIpasuTb Kak

Pr(t) = P{R(1) < S(1)} pnsiBcex 1 < t. (4.3a)

4.2.2.4 OnpeaeneHune yHKUMK Prt) U3 ypaBHeHus (4.3a) MaremaTuyecku
3aTpyAHUTENBHO. B 06bIMHBIX YCIOBMSIX MPOYHOCTL U Harpyska He MoryT GbiTb
BbIPaXeEHbI B KQUECTBE MrHOBEHHBIX (PU3NYECKNX BEMUUMH. MEHHO NO3TOMY
R n S paccmarpuBaroTcsl Kak BEepPOATHOCTHbIE BEMWYUHBI C MIOTHOCTbIO
pacnpeaeneHus, nmbo 3aBuUCALLEN OT BpeMeHu, nubo noctosHHon. OTcroaa
06bIYHO yaaeTcs BblpasuTb BEPOATHOCTD PaspyLUeHNs

Prt) = P{R(®) < S(t)}. (4.36)



4.2.2.5 B coOoTBETCTBUM C BblpaxeHnem (4.36) BEPOATHOCTb paspyLUeHus
HEMPEepbIBHO YBENMMUMBAETCA C POCTOM BPEMEHM, KaKk CXemMaTU4HO
n306paxeHo Ha pucyHke 4.1. B HauanbHbI MOMEHT BpeMeHU Npu ¢ = 0 KpuBble
MMNOTHOCTEN pacnpefeneHnsa Harpyskn n NPOYHOCTU HaxXOAATCA Aaneko Apyr
OT Apyra, 1 BEPOSATHOCTb paspyLleHUa Hesenuka. C yBeNMYEHWEM BPEMEHU
KpvBble pacnpefeneHuss npubnuxalTca opaHa K Apyrown, obpasys
BO3pacTaloLLyt0 30HY MepeKpblBaHUs, KOTopas wu mnpeacTasnser cobown
BEPOSTHOCTb Pa3pyLUEHS.

A

Pr

>

Pucynok 4.1 — Tpacduk pocta BepOATHOCTU pa3pylueHus

Bpems

4.2.2.6 OyHkuMA Pit) nmeeT xapakTep cyHkUMM pacnpeaeneHus. Ecrun
CpOK cny>x6bl ONpeaenseTcs Takum obpasoMm, 4To cobbiTue «t' <t'» WIEHTUYHO
coObITUIO «paspyLleHne B Bo3pacTe t», TO YHKUMIO pacnpeaeneHnsa cpoka
CNyx0bl MOXXHO BbIPa3UTb Kak

Fu(t) = Plti< 8} = PAY), (4.4)
rae F. — COBOKYMHOe pacnpegeneHne cpoka Cryxobil.

4227 OYHKUMIO NAOTHOCTU BEPOATHOCTU MOXHO ONpeaennuTb, Kak
NMPOU3BOAHYI0 OT OYHKLMN pacrpeaeneHus

R(H=2FL(D. (4.5)

4.2.2.8 BepoATHOCTb paspylleHUs B HEKUA MOMEHT BPEMEHM MOXHO
BbIPa3nTb Kak CyMMy NpOU3BEAEHUA 4,BYX BEPOATHOCTEN:
- BEPOSAITHOCTM TOro, Uto R<S npm S=s, n
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- BEPOSATHOCTM TOTO, YTO S = S paCrnpoOCTPaHAETCA Ha BECb fManasoH S
P=3Y,, P{R<S/S=s}P{S=s}. (4.6a)

4.2.2.9 Paccmatpusas HenpepbiBHblE pacnpeaeneHns BepoATHOCTU
paspyLlieHns Pr B HEKOTOpbIA MOMEHT BPEMEHW, MOXHO BblpasuTb ee C
MOMOLLIbIO UHTErpasnbHON CBEpPTKU

Pr= [~ Fr(S)fs(S)ds, (4.66)

roe Fr(S) — dyHKUMa pacnpepeneHus R,
fs(S) — PyHKUMSA BEPOSTHOCTHOMN MITOTHOCTU S,
s — oBLLee KONNYeCTBO UM M3MEPEHHbIE 3HadYeHuss Ru S.

42210 OO6wee peLleHne WHTErpansHON CBEPTKU, CoaepXaLlein
3aBuUCALLME OT BpeMeHu pacnpepeneHns R v S, MoxeT OblTb Becbma
TpyLoemkum. MpocToe pelleHne 3Toro MHTErpana BO3MOXHO TONBbKO B TeX
HEMHOrOYMCIIEHHbIX CryYasx, Koraa pacnpegeneHns R n S HopmanbHbL.
OpHako WHTErpasn MOXHO PeLuMTb U YNPOLLUEHHBIMU YUCNOBLIMA METOAAMM.
PacnpeneneHne cpoka cnyx0Obl MOXeT ObiTb MOMyYEeHO MyTEM pacuyeTa
3HaYeHWA BEPOSTHOCTU paspyLUeHWsl B PasfUYHble MOMEHTbI BPEMEHM,
Hanpumep, npuy £ =0, 10, 20, 30 n T.4. neT.

4,23 OcHoBHOe opmynupoBaHWe npobnembl  NPOEKTUPOBAHUA
JONTOBEYHOCTU

4.2.3.1 MpuHUMnbl 1 METOA LI NPOEKTUPOBAHUSA

4.2.3.1.1 OcHOBHble pOpMYIbl NPOEKTUPOBAHNA AONTOBEYHOCTU MOXHO
3anucaTb B COOTBETCTBMMU C OJHUM U3 ABYX NPUHLUMNOB: NPUHUMNOM paboTbl
U NPUHLUMNOM CpoKa CryXObl.

4.2.3.1.2 MNpn ncnonb3oBaHun npuHumMna paboTbl OCHOBHas hopmyna
NPOEKTUPOBaHNS MOXeT OblTb 3anucaHa nyTeM BBEAEHUS Harpysku S,
B3aMMOCBA3aHHOM ¢ paboton R. PaboTa, onpeaeneHHas no mogenu paboTo,
JomkHa ObiTb 6onbluen, yem Tpebyemas Harpyska. MNpu sTom umetoLlasics B
BUAY paboTa MOXET OTHOCUTLCA K MEXaHUYECKUM SABNEHWSAM, OU3NUECKUM,
XUMUYECKUM WUMNU K 3KCMNIyaTauMOHHBIM (PYHKUMSAM, UM K 3CTETUYECKUM
TpebosaHusm. UTo kacaeTcs Harpy3ku, TO OHa MOXET UMETb MEXaHUYECKYID
NPUPOAY, UMK NOA HEN MOXET NOAPa3yMEBATLCH BO3AENCTBUE OKpY KaoLLEn
cpeasbl.

4.2.3.1.3 lNMpu ncnonb3oBaHWM NpUHLUMNA cpoka cnyxObl {;, ero sennunHy
MOXHO OnpejenuTb C NOMOLLIbIO MOAENN Cpoka CnyxObl, NPW 3TOM OH J,0IKEH
npesbiwaTth Tpebyemblin 3aAaHHbIN CPoK CryxObl fy.

4.2.3.1.4 O6bluHO 06a NpuHLUMNA AAK0T O4MHAKOBLIE pe3ynbTaTthl. BeiGop
TOro UNKU MHOrO MPUHLIMMA, BO MHOTOM, 3aBUCUT OT XapaKTepa NocTaBneHHOM
NPOEKTHON 3a4a4u, OT TUMA NPUHATLIX MOLENEN AONTOBEYHOCTU U OT BbiGopa
HanBonee npocToro cnocoba MaTeEMaTNYECKOro peLLeHs 3a4au4u.
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42315 Meton npOEKTUPOBaHUS AONFOBEYHOCTU MOMET ObiTb
AETEPMUHUCTUYECKUM, BEPOSATHOCTHBIM UMW OCHOBAHHOM Ha akTope
GesonacHoro cpoka cnyxObl. OCHOBHblE MNOMOXEHUS 3TUX NPUHLUMNOB
N3MNOXKEHbI HUXE.

4.2.3.2 leTepMNUHUCTUHECKUA METO/, MPOEKTUPOBaHUA

4.2.3.2.1 JeTepMUHNCTUYECKUIA MOAXOA — MOAXOA K NPOEKTUPOBAHUIO UK
KOHCTPYMPOBaHMIO Ha OCHOBE MOSIHOCTbIO ONPeAEneHHbIX AaHHbIX O
napameTpax BO3AENCTBMA W CcBONCTBaX oOObekTa 3aBeAOMO B 3anac
6€30MacHOCTM €  HEMPEBLILLEHWEM YCTAHOBNEHHBIX B  HOPMAaTUBHbLIX
AOKYMEHTax ¢  KoaduumeHTamu 3amaca npefesbHblX  3HaYeHun
KOHTPONMPYEMbIX MNapamMeTpoB. B AeTEPMUHUCTUMECKOM MNPOEKTUPOBAHUU
JONrOBEYHOCTU Harpyska, NPOYHOCTb M CPOK CRyXObl MOHUMAKOTCA Kak
LETEPMUHUCTUYECKME BESIUYMHBI, 3aKOHbI pacnpefeneHns aTux MYyHKUUA
3/1eCb HE pacCcMaTpuBaloTCS.

4.2.3.2.2 B cooTBETCTBUM C NPUHLMNOM paBoTbl hopmyna NpUHUMAET BUA,

R(ty) — S(ty) > 0, 4.7)
roe fy — 3agaHHbIA Cpok cnyxoGbl.

4.2.3.2.2 Kak Harpy3ka S, Tak U NPOYHOCTb R — (pyHKLUW, 3aBUCALLME OT
BpeMeHW. 3TU (PYHKUMU UCNONb3YIOT B KayecTBe Moaenen jerpagaumv v
paboTbl. Takme napameTpbl NPOEKTUPOBAHUS, Kak KOHCTPYKTUBHbLIE pasMepb,
XapaKTEPUCTUKN MaTepmanos U KO3I(PUUNEHTBI BAUAHUA OKpyKatoLen
cpeabl, BKIKYaKTCA B COCTAB 3TUX (PYHKLIMA.

4.2.3.2.3 CooTeeTCTBYIOLAsA hopMyna NPOEKTUPOBaHUS, 3anucaHHasa C
YyY4eTOM NpuHLMNIA Cpoka cnyxObl, UMEET cneayowwuni Bug,

t.— t;>0 (4.8)

rae f — dyHkumMa cpoka cnyxBbl. B cocTaBe 3TON YHKUMWM WUCMONb3YIOT
NPOEKTHbIE NapameTpbl MoAene cpoka Cryxbbl.

4.2.3.2.4 TIpoekTMpoBaHWe KOHCTPyKUMA BegyT nytem Bbibopa
noaXoAALLEen KOMBMHaLMY 3HAYEHWIA NPOEKTHBIX NapamMeTPOoB TaknuM obpaszom,
YTO6bl OHW YA0BNETBOPSNN YCNOBUAM YpaBHEHWUN (4.7) 1 (4.8).

4.2.3.2.5 Tpy uCnonb3oBaHUW MNpuHLUMNa cpoka cnyxObl Heobxonumo
UMETL B BMaY, YTO TpeboBaHme K paboToCnoCOBHOCTM 3anoxeHbl B (hopmyny
cpoka cnyxObl. o3TOMy MNOAXOA K PELUeHMO 3ajadv C UCMOMb30BaHWEM
NOHATWS PaboThbl U NOAXOH, OCHOBAHHLIA Ha waee cpoka cnyxObl, faroT
aHanornyHble NPOEKTHbIe HOPMYMbl, T.e. Pe3ynbTaTbl PELUEHNs NPOEKTHbLIX
3a4a4v 0 MHaKoBbI, HE3aBMCUMO OT BbIOPaHHOrO MeTOAA.

4.2.3.3 BepoATHOCTHbIN METO/, NPOEKTUPOBaHNSA
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4.2.3.3.1 B BEpOATHOCTHOM NOAXOAE NPOBOAUTCS OLIEHKa BEPOSTHOCTM
BO3HVKHOBEHMS COBbITWSA, pacqeT BEpPOSTHOCTU TOro UM MHOrO CueHapus
cobbITVS, aHanu3npyloTCA pPasBETBIIEHHbIE U NEepeceKkaromnecs LIEMOYKM
coObITUA. PacuyeTHble MOAENM npyM 3TOM OKas3biBATCH 3HAYMTENBHO
YMPOLLEHHbIMU MO CPaBHEHWKD C AETEPMUHUCTMYECKAM MOAXOAOM C
COOTBETCTBYIOLMMU  Mogenamu. [Mpyu  BEPOSTHOCTHOM  MPOEKTUPOBaHWK
[JOMrOBEYHOCTU TaK Xe, Kak U npu JeTEPMUHUCTUYMECKOM, MPUHUMAKOT BO
BHUMaHWE pacnpeneneHns Harpysku, peakumm 1 cpoka cnyxobl. 310 ycnosne
BblpaXKaeTcsa B BUAE NPEANONOXKEHUS, YTO NPOEKTHas hopMyna HeBepHa.

4.2.3.3.2 TlpoekTHyl0 popMyny MOXHO 3anucarb B COOTBETCTBUMM C
NPUHUMNOM paboTbl UK C NPUHLKUNOM CpoKa CnyObl, UTO, Kak 1 B Cnydae ¢
LETEPMUHUCTUHECKUM METOA0M MPOEKTUPOBaHUS, HE HECET OCOBbIX OTNUYNIA.
OpHako B KOHeuyHOoe ycnosue pobaensetcs TpeboBaHME OTHOCUTENBHO
MaKCUMasibHO AOMyCTUMON BEPOSTHOCTM paspyLUEHWS.

4.2.3.3.3 B COOTBETCTBUM C NPUHLUMNOM paboTbl HEOBXOAMMO BbINOHUTE
cnejytoLlee ycrnosue: BEPOATHOCTb TOrO, YTO NMPOYHOCTb KOHCTPYKLMN MOXKET
OKasaTbCA MEHbLUEN, YeM Harpyska B TEYeHMe cpoka CryxObl, HE AOSKHA
npeBbILaTh HEKYH0 BEPOATHOCTb paspyLLeHus.

MatemaTtuueckmn aTo TpeboBaHWe BbIMMAAUT Kak

P(paspyLleHus)y = P{R — S < O}g < Pfmax, (4.9)

roe P(paspyweHus)y — BEPOATHOCTb paspyLUeHUsi KOHCTPYKLMU B TeyeHue
nepvoaa fg,
Prmax — MaKCUManbHO JOMYCTUMAsn BEPOATHOCTb paspyLUEHUS.

3apaya moxeT ObiTb paspelleHa npu U3BECTHbIX pacnpegeneHnsx
Harpysku u npoyHoctTu. B paspene 5.2 npuseaeHo pelleHne ana cnydvaes,
Korga Harpyska 1 NnpovHOCTb pacnpegeneHbl HOPMarbHO.

4.2.3.3.4 MNpx ncnonb3oBaHUM NpUHUMNA Cpoka cnyxObl TpeboBaHusi
hopmynumpyroTCA cneayowmmM obpasom: BEPOATHOCTb TOFO, YTO CPOK CnyObl
KOHCTPYKLIMN MOXET OKasaTbecs 6onee KOpoTKUM, YEM 33jaHHbIN CPOK Cry>xObl,
HE JOIKHA NPEBLILLATL HEKYH BEPOATHOCTb paspylleHus. Matemartuuecku
370 TPeBGOBaHWE BBIrMAAUT KaK

P(paspyweHusi)y = Pft. < tg} < Pmax. (4.10)

3agaua mMoxet ObiTb pelueHa Npu U3BECTHOM pacnpegeneHun Cpoka
cnyx6bl. Ecnn dopma pacnpeseneHns HemsBecTHa, HeobxoaMMO creposaTb
KakoMmy-nubo WM3BECTHOMY Tuny pacnpeaeneHusn. PelleHne 3agauv ans
cnyyaeB, Korpa pacrnipefeneHue cpoka cnyxObl npegnonaraetcs Mo
norapugmMmyeckn HopmasribHOMY 3aKoHy, npeacTasneHo B 5.3.

4.2.3.4 MeTopa koahduLmMeHTa HaeXHOCTU MO CPOKY CryObl
4.2.3.41 Ecnu chopmMynbl Ans Harpysku, NPOMHOCTU U cpoka cnyxObl
CNOXHbl M Ha paboTOCNOCOOHOCTb KOHCTPYKLMW OKasbiBaKOT BO3AEWCTBUE
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MHOrMe ferpajaunoHHble  OakTopbl, MPUMEHEHME BblLLENPUBELEHHOTO
BEPOATHOCTHOIO mMeToaa NpOEKTUPOBaHWMS MOXeT oKasarTbCs
3aTpyaHuTenbHbIM. B nopobHbIx cnyyasx uenecoobpasHO MCnonb3oBaTb
MeToa KOo3dUUMEHTA HafEXHOCTU MO CPOKY CryXObl. XOTA 3TOT METOoA
OCHOBaH Ha Teopun ©Ge30nacHOCTU U HaAeXHOCTW, hOoPMynUpPoBaHUE
npoueaypbl MPOEKTUPOBaHUA CHOBA NPUHUMAET AETEPMUHUCTUYECKYHD
dopmy. ITO OCYLLECTBNAT MyTemM 3ameHbl TpeGoBaHUSI 3afaHHOIO CPokKa
cnyx0bl Ha COOTBETCTBYHOLLEE TpeDoBaHNE NPOEKTHOro cpoka cnyxbwel. Ha
NpaKTUKe pacyeTHbIN CPOK CryObl ONPeAensalT NEPEMHOXEHNEM 3a[4,aHHOMO
cpoka cnyxo6bl Ha kKO3 PULIMEHT HAAEXKHOCTU NO CPOKY CNYObl

ti=yi tg, @.11)

roe fy— pacyeTHbIn Cpok CnyxObl;
Yt — KO3 MULMEHT HAZEXHOCTHU MO CPOKY CNy>Obl;
ty — 3a4,aHHBIA CPOK CIy>Obl.

PacueTHble hopMyrbl Tenepb MOXHO 3anncaThb, UCMONb3ys Kak MPUHLMN
paboTbl, TaK U NPUHLMM CPOoKa CryXObl:

R(ts) — S(ts) 2 O; 4.12)
t—ts > 0. (4.13)

4.2.3.4.2 3HaueHne koadppuumMeHTa HaAEKHOCTU MO CPOKy CryxObl
33BUCUT OT MakCMManbHO JAOMYCTUMOW BEPOATHOCTU  paspyLUEHUs.
KoatbdhmumeHT HanexxHOCTU NO CPOKY CryxbObl HEOBGXOAUMO KOPPEKTUPOBATL
B COOTBETCTBUM C pe3ynbTaTaMmn BEPOSITHOCTHBIX METOA0B NPOEKTUPOBaHUS,
KaK 3TO U3NOXEHO B pasaene 6.

4.2.3.4.3 MeToauka ncnonb3oBaHns MeToaa koachdmumeHTa HagexHocTu
No CPOKy CnyxObl NpU MNPOEKTUPOBAHUM [OMMOBEYHOCTN KOHCTPYKLMN
npvBegeHa B pasgene 7. MpumMeHeHne 3TOro metoga ocobeHHO onpaspaHo
npy NPOEKTMPOBAHUWN KOHCTPYKLWIA, MOCKOSIbKY BEPOATHOCTM Harpy3ok u
MPOYHOCTEN TaKXkKe YYNTHIBAKTCS C MOMOLLBK KO3(MULIMEHTOB 3anaca, U B
3TOM AaHHbIN METOA MPUHLMNUAIIBHO CXOX C KOHCTPYKTUBHBIMU pacyeTamu
COOPYXEHNN.

5 Mpumepbl NPOEKTUPOBaAHUA AONITOBEYHOCTU C UCMONb3OBaHUEM
BEPOATHOCTHbLIX METOOOB
5.1 O6wme nonoxeHus

5.1.1 Ana ncnonb3oBaHWsi BEPOATHOCTHbIX METOAO0B MPOEKTUPOBaHUSA
HeoBX0AMMO CAenaTb HECKOSIbKO  AOMYLUEHWUNW, Kacarolmxcs  dopMmbl
pacnpeaeneHuni.
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5.1.2 K Tvnam pacnpepaeneHunsi, KoTopble MOXHO WCNonb3oBaTb ANA
OLEHKM Cpoka Cny>xObl unu paboTocnocoBHOCTN KOHCTPYKLIMN, OTHOCATCS:

- HopmarnbHoe (["ayccoBo) pacnpeaeneHue;

- norapndMnyYeckn HopmarnbHoe pacnpepeneHue;

- 3KCMoHeHuuMarneHoe pacnpeeneHue;

- pacnpepeneHue Benbynna;

- raMMa-pacnpeaeneHue.

5.1.3 B cnyyae npumeHeHus npuHuuna paboTbl HaubBonee oblwee
JonyLieHne CoCToMT B TOM, YTO Kak Harpyska, Tak U NpoYHOCTb, NN oHW obe
pacnpeaeneHbl HopmanbHO. [pu NpUMEHeHWn npuHUMNa cpoka CnyxObl
pacnpeaeneHue cpoka cnyobl yallie BCEero NPUHMMAIOT No norapudMmuyeckn
HOpMarnbHOMY 3aKOHY, T. €. Kak HOpManbHOe pacnpefeneHue no
norapumMuyeckon BpeMeHHON LuKane.

5.2 [lpoekTMpoBaHuMe no npuHUMNY paboTbl AnA cnyvaesB
HOpPManbLHOro pacnpepeneHusi Ru S

5.2.1 Teopus

5.2.1.1 Ecnu B NpOeKTMpOBaHWM AOMTOBEYHOCTU UCMONb3YIOT NPUHLMN
paboTtbl, a nmnpoyHoCTb R W Harpyska S ABRAKOTCA HOpMAarnbHO
pacnpeaeneHHbiMin  BENnMYMHaMK, BEPOATHOCTb  pPaspyLLEeHUs  MOXXHO
onpeaennuTb, UCMONb3yA KOHTPOMbHBIN UHAEKC B:

— _ MRtHuISH]
B=—HRl (5.1)

rae { —CcpeaHee OTKIIOHEHVE,
O — CTaHAapPTHOE OTKIIOHEHME.

5.2.1.2 KoHTponbHbIn wuHAEKC [B(0,1) HOpManbHO pacnpejeneH.
BepoAaTHOCTM paspyLueHusl, COOTBETCTBYIOLLME WHAEKCY B, OnpeaenstoT no
Tabnuuam unn kak yHKUMM B COBPEMEHHbIX 3MEKTPOHHO-BbIYUCIINTENBHbBIX
nporpammax. B KOHCTPYKTMBHOM NPOEKTUPOBaAHWW KOHTPOMbHbIA WHAEKC
Taloke Ha3bIBalT MHAEKCOM 6e30MacHOCTM U UHAEKCOM HaAeXHOCTU.

5.2.1.3 Yacto R wnn S ObiBaOT MOCTOSHHbIMW. Torga WX B3avMHoe
OTHOLLEHWE B ypaBHEHUU (5.1) NPMHUMAET YNPOLLEHHYIO hopMy

—fS,t
pO="221, (52)
mnn
S,t]-
Bm=E, (5:3)

rae rn s — NOCTOAHHbIE BEJTUHUHbBI.
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5.2.1.4 Ecnu R nocTosHHa, @ S — 3aBuCALWAs OT BPemeHn yHKUus,
NPUBNMKEHHO OnpeaensemMas 4epes MaTeMaTUYECKy AerpagauloHHY
MOZenb, 3ajadya HasbiBaeTCs AerpagaunMoHHON. AHanoOrM4yHo, ecnu S
NMOCTOsiHHA, a R — 3aBuUCALLAA OT BpPeMeHM yHKUMS, NPUBIKEHHO
onpeaensemMas yepes maremaTuyeckyto mogens paboThbl, 3aaady HasbiBaloT
pabouen.

5.2.1.5 lockonbKy cpegHWe U CTaHAAPTHbIE OTKMOHEHWS 3aBUCAT OT
BPEMEHW, TaKKe 3aBUCALUMM OT BPEMEHW CKasbiBaeTcs uHAekc B. Ons
nonyyeHus pacnpegeneHns cpoka cry>6bl Hy>XHO OnpeaennTb BEPOSATHOCTU
paspyLLeHua AN pa3nuyHbIX 3HauYeHun ¢ (Hanpumep, £=0, 10, 20 U T. 4. neT).

5.2.2 lpumep

5.2.2.1 NycTb uccnepyeTcs npouecc kapboHnsaumm 6eToHa B HapyXXHbIX
CNoaAx xenes3obeTOHHOM KOHCTPYKUMKW. [lpeanonoxum, 4TO paspylueHue
NpoOuUCXOAUT Toraa, Koraa rmybuHa kapGoHW3auuyM npeBbicUT  rNyGuHy
pa3smeLLeHus apmaTypel. B pedynbtare npoucxoaut genaccusaumsa apmaTypbl
W HaYMHaAEeTCd npouecc ee koppos3uu. B aTOoM cnyyae BO3HWUKaeT
LerpagaumoHHasl  3ajaya C  3aBUCALMM  OT  BPEMEHW  MNpPOLIECCOM
kapBoHmzaumn (S) 1 NOCTOSHHOW BENIMYMHOI 3aLLUMTHOrO ¢nost 6eToHa (R).

5.2.2.2 MNpepnonaraem, 4Yto npouecc kapboHusauum pacnpocTpaHAeTcs
CO CKOPOCTbIO, PaBHOWM KOPHIO KBaApPaTHOMY U3 BpeMeH!

U(D)=Kt'"?, (5.4)
roe u(D) - cpepHas rnybuHa kapboHusauum, Mm;
Ke — KO3(pULIMEHT CKOPOCTU KapBoHU3aLUmn, MM/TOA;
t — BpemMs (unu Bo3pacT), roabl.

5.2.2.3 3HaueHne koadduLmeHTa ckopoctTn kapboHusaumm 3aBucuUT OT
NPOYHOCTM M cocTasa b6eToHa (cMm. 9.5.3)

Ke=CenvCair@ (fcx+8)b, (55)
rae Cenv — KO3hULMEHT BO3AENCTBUSA OKpY>KaloLLEn cpeab;
Cair  — KO3(OUUMEHT COAEPXKaHNA BO3AYXa,
fex — HopmaTuBHas KybukoBas NPOYHOCTL Ha cxartue, MMa;

a, b — KOHCTaHTbI (3aBUCALLME OT XapPaKTEPUCTUK BSKYLLIErO).

5.2.2.4 3HauyeHuMa napameTpoB U Ko3MPUUMEHTOB nNpuUBEAEHbI B
Tabnmuax  9.3-9.5.  Mpeanonoxum, uto rnybuHa  kapBoHuzauuu
pacnpegeneHa HopmanbHo.  KoadpcpuumeHT  Bapuaumm  (OTHOLLEHME
CTaHAapPTHOrO OTKIOHEHUS K CpedHeMmy) TMpUHUMaeM 3a MOCTOSHHYH
BENUNYWHY.

5.2.2.5 Ha pucyHke 5.1 nsobpaxeH npouecc kapboHUsauum B 3aLLMTHOM
crnoe 6eToHa. Ecnu cpeaHee 3HadveHue rmyGuHbl kapboHU3auuyu pacTeT BO
BpPEMEHMW, TO W CTaHAapTHOE OTKNOHEHWE TalkKe BO3PaCcTaeT, OCTaBnAs npu
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3TOM KO3(h(PUUMEHT Bapwaumm MOCTOSHHBIM. Ta 4acTb pacnpegeneHus
rny6uHbl kapOoHW3aUMK, KOTOpasi NMPEBbLILAET TOMLMHY 3aLUTHOTO Crnosi
6eToHa, NokasblBaeT BEPOATHOCTb paspyLUEHUs.

, 'BeposTHocTb /
paspyLieHus

. / TonwwHa 3aLLMTHOrO Cros

ny6uHa kapGoHusauyum -

'my6uHa kap6oHnsaumm

KopeHb kBafpaTHbI U3 BpeMeHn
PucyHok 5.1 — Cxema npouecca camopaspylleHUs1 B 3alUTHOM crnoe 6eToHa

5.2.2.6 3adaHue 1. Onpenenutb OYHKUMIO pacnpeseneHns n yHKUmMIO
NAOTHOCTU BEPOSATHOCTEN CPOKa Cry*Obl MpU YCNOBUSAX:

- KOHCTPYKLMS 3alumLLeHa OT JOXAS;

- GBETOH N3roTOBMNEH Ha NopTnaHaLemeHTe 6e3 BO3YyXOBOBNEUYEHUS;

- HOpMaTuBHasa NPOYHOCTL BeToHa Ha cxaTue 30 Ma;

- TONWMHA 3aLMTHOro cnosi 6eToHa 25 mm.

B stom cnyyae npeanonaraem, 4TO TOMNWMHa cnos 6etoHa —
BEPOATHOCTHasA BenuunHa. T[lycTb Ko3adpuUMeHT Bapuauum rnybuHbl
kapBoHunsauun paseH 0,6, a KO3apDULMEHT BapmaLnn TOSMLLMHLI 3aLMUTHOIO
cnos paseH 0,2.

KoHTponbHbIn HAEKE B onpeaensem n3 ypasHeHus (5.1)

8= 25mm-1800(30+8)" 7 mm
- 772N
/@,6—1800(30+8)7:7t1/2 +(o,2-25)2/ v

(5.6)

OYyHKUMA  BEPOSITHOCTM  pacripeAeneHna U pyHKUMA  NNOTHOCTU
BEPOSATHOCTM M306paxeHbl Ha pucyHkax 5.2 n 5.3. Cneayet oTMeTUTb, YTO
PYHKLNS BEPOSATHOCTUN MNOTHOCTU HE ABNSAETCSA HOPMarnbHO pacnpeaeneHHON.
MNoTHOCTM BEPOATHOCTU CHavana pesko BO3pacTaeT, 3aTemM MEAJIEHHO
YMEHBLLIGETCA C POCTOM BO3PacTa COOPYXEHUS.
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PucyHok 5.2 — ®yHKuMa pacnpeaeneHusa BePOATHOCTU CPOKa CNyXObl
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paspyLieHus

PucyHOK 5.3 — ®yHKUMSA MNSIOTHOCTU BEPOSITHOCTU CPOKA CIyXObl

5.2.2.7 adaHue 2. Kakosa Tpebyemas ToNLMHa 3aLUMTHOrO crios 6eToHa,
€Cnn 3afaHHbIi Cpok cnyxObl coctaBnseT 60 net ¢ 10%-HON KBaHTWUMbLIO
(BEPOATHOCTL paspyLUeHNs)?

Insa Bcex BSXKYLLUMX U NS npoYHocTei Ha oxaTue 30, 50 n 70 MMa sagava
peluaeTcs no Tabnuue 9.5.

B cnyyae HopmanbHOro pacnpefeneHvuss BepOATHOCTb paspyLueHus,
paBHass 10%, COOTBETCTBYET 3HayeHuio B, paBHoMy 1,28. Takum obpasom,
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33ga4y MOXHO CCHOPMYMUPOBATL MHAYE: Kakas TONLMHA 3aMUTHOrO Cros
GeToHa X pgacT uHaekc B, paBHbln 1,287 Hanpumep, ana GeToHa Ha 3one-
yHOCa C MPOYHOCTBbIO Ha cxatme 50 MlMa 3HaueHue B onpefenutcs ns
BblpaXkeHuUs

B= X-360(50+8)"2-60"2 mm

- o - (5.7)
/o,6-360(5o+8)'1/2-60'1/2) +(o,2x)2/ MM

OTbickaTb X He Tak MPOCTO, MOCKOMbKY 3Ta BEMWMYMHA HAXOAUTCH Kak B
yicnutene, Tak u B 3HameHatene. OAHaKO 3ajayy MOXHO PEeLUTb Yepes
HepaeeHcTBa. PesynbTaTthl cBeaeHbl B Tabnuue 5.1.

Tabnuua 5.1 — NotpebHas ToNwmHa 3awmMTHOro cnosi 6eToHa

HavmeHoBaHWe BsxyLLero TonwmHa 3aWwunTHOro Cnos, MM, NPU NPOYHOCTU
6eToHa Ha cxaTve, MMNa
30 50 70
MopTnaHayemMeHT 55 27 16
MNopTnanayemMeHT +28 % sonbl-yHoca 68 4 29
[MopTnaHauemeHT + 9 % MUKpoKpeMHe3ema 75 45 32
MopTnaHAUEMEHT + JOMEHHbIV Lnak 68 41 29

5.3 lpoekTupoBaHue AOMrOBEYHOCTU C  norapuMudeckun
HOpMarnbHbIM pacnpeaesieHueM cpoKa cnyxobl

5.3.1 OBwwme nonoxeHns

5.3.1.1 Kak BugHO 13 BbillenpusegeHHbIX MPUMEPOB, HECMOTPS Ha TO, YTO
perpagauma (rnybuHa kapboHun3auun) Obina HopmanbHO pacnpejeneHa
BOKPYr CpeAHero 3HaueHus, pacrnpefeneHne cpoka crnyxObl o6HapyXvno
HenpepbiBHOE MajeHne B CTOpoHY 6onee KOpOTKOrO Cpoka CcnyxObl.
dakTUYECKn pacnpegeneHne cpoka cnyxobl Yalle BCero NposiBASET UMEHHO
3Ty TeHpeHumto. MNOTHOCTb BEPOATHOCTU PE3KO BO3pacTaeT, a 3arem, no
mepe npubnmkeHns K GECKOHEYHO JNMTENBHOMY CPOKY Cry>kObl, OHa NNaBHO
onyckaeTes, NpnonuKanch K Hyno.

5.3.1.2 Ana npoekTnpoBaHUs AONTOBEYHOCTM YacTo ObiBaeT nonesHbIM
MPUHATE AOMNYLLEHWE OTHOCUTENBHO TUNa pacnpeaeneHuns cpoka cnyxobl. Ero
Crnenyet BbiOUpaTh CPeAn KpuMBbIX, KOTOPOA UMEKT OMyCKAKLLYHCA BETBb,
Hanpvymep, norapuMUYeckn HOpManbHoe pacnpegeneHve (PUCyHok 5.4).
Jlorapucpmmnyeckn HopmanbHOe pacnpefeneHne 03Ha4aeT, YTo CPOK Cry>Bbl
pacnpeaeneH HopManbHO Ha NorapuMUUECKOr BPEMEHHOM LLKane.
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PucyHok 5.4 — llorapucpmmuyeckn HopmanbHoe pacnpegeneHue Cpoka cryxobi

5.3.1.3 lNpu HOpmanbHOM pacnpeaeneHnum (C NUHENHON BPEMEHHON
LWKanon) YyMeHblUawLWasacs, HO BCe e KOHeYHas BepOSTHOCTb
pacnpocTpaHsaeTca B o6omx HanpasneHuax. U3 aToro cnepyeT, YTo BO3MOXEH
oTpULaTENBHbIA CPOK CMYXObl, YTO, KOHEYHO, HE MOXET ObiTb MPUHATO 3a
AeNncTBuUTENbHOE peleHne. To 0BCTOATENLCTBO, YTO HA NOrapnMUUECKON
BPEMEHHOMN LLKane oTpuuatesbHbie 3Ha4eHNA HEBO3MOXHBI, NOKa3bIBAET, YTO
norapudMnyecky HopmanbHoe pacnpeaeneHve kaxerca 6onee ynoGHbIM K
HarnsAHbIM AN ONUCAHKSA CPOKa CryxObl.

5.3.1.4 Teopusa norapupmMmyeckn HopMasibHOM aHanormm Ans onucaHua
cpoka cnyx0Obl Bnepsble Oblna nNpUMEHeHa AN peweHus 3agad o
JOMNroBeYHOCTU BETOHHBIX KOHCTPYKUMIA B [1]. 3Ta Teopus coaepxut Kpome
TOr0O HeOOXOoAWMBIA  MaTemMaTU4YeCckuin annapat  Ans  OnpeaeneHus
CTaHAAPTHOrO OTKIIOHEHNS CPOKa CNy>Obl.

5.3.2 CtaHgapTHOE OTKNOHEHUE CpoKa CNy>bbl

5.3.2.1 CraHpapTHOe OTKNOHEHWE cpoka CcnyxObl ONpeaensiT ¢
npyMeHeHnem wmogensHon opMynbl ANA CPefHero cpoka cnyxdbl n
CTaHAAPTHLIX OTKIOHEHWIN NapameTpos B hopmyne. MoaenbHyo dopmyny B
obLiem Buae MOXHO 3anncaTh B CreAyoLLEeM BUaE

t= b (X1, Xa,...Xn), (5.8)

rae f— cpok cnyxobi;
Xi — napameTp maTepuana unm ycrioBue, Unm KOHCTPYKTUBHBIA pasmep (/i
=1..n.

5.3.2.2 Ecnu B ypaBHeHue (5.8) BCTaBUTb CpeHUe 3Ha4YeHUss napameTpoB
X1, Xo,...Xn, MOXHO PacCUMTbIBATb Ha NOJlyYeHWe cpeaHe-apnMETUUECKOrO
cpoka cnyxobl p(fy). CTaHgapTHOE OTKNOHEHUe OonpeaensioT C MOMOLLbI
chopmynbl
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2
o2(t)=32, (aio(xo) , (5.9);

aX1
roe o(ty) — CTaHaapTHOe OTKIOHEHME Cpoka CyxObl,
o(XL) — CTaHaapTHOE OTKIIOHEHWE napameTpa Xi;
3
2L _ yacTHasi NPOV3BOAHAs CPOKa CyBbl OTHOCUTENBHO NapameTpa;

x1

X1 W N —Y1Cno nepemMeHHbIX.
5.3.3 BeposATHOCTM rorapupMUyYeckn HOPManbHOro pacnpeaeneHuns
cpoka cryObl

5.3.3.1 Ecnu pacnpegeneHue cpoka cnyx0Obl sBnseTcs norapugpmmuyecku
HOpPMaslbHbIM CO CPEAHUM 3HaueHvem W(fy) N CTaHAApPTHLIM OTKNOHEHUEM
o(t), 170 tbyHkums y = In(f)) pacnpegeneHa HOpMmanbHO, a €e CPeAHas
BENMUMHA U CTaHLAPTHOE OTKIIOHEHNE HAaXOAAT NO cneayowmm dopmynam:

o2(Y)=/n(1+(M)2), (5.10)

H(t)

p(Y) = Inu(t) "20?(Y). (5.11)

BeposiTHOCTb cpoka cnyxObl, Oyay4s KOpPOYE HEKOEro BPEMEHW
onpefensieTcs cregyroLwmm obpasom

Pt <t} = P{int.<Int} = P{Y<Int} = ¢(-B) (5.12)
rae
B = (u(Y) - Int)/ o(Y), (5.13)
a ¢ sABnAeTCA KyMyNATUBHOW (PyHKUMEN MNOTHOCTU ANS CTaHAapTHOro
HopMarbHOro pacnpegenenus (u =0, o= 1).
5.3.4 lNpumep

5.3.4.1 Ana onpeneneHus cpoka crnyxObl KOHCTPYKUMM MO KOPPO3vu
apMaTtypbl NpumeHsitoT ypasHeHue (5.14). lNepBoe BbipaXXeHne B ypaBHEHUN —

Bpems Havyana kopposum (cMm. 9.5.3). BTopoe BblpaxeHne — Bpems
06pasoBaHUa TPELLWH, BEAYLLMX K kopposuu (M. 9.5.4).
U (t)=C*/(Con/Caira(fos+8))?+80C/Dr, (5.14)

rae Cenv — KO3HHULIMEHT BO3AENCTBUSA OKPYXKaIOLLEN CPeabl,
Car  — KO3hhMLUMEHT CCaepkaHna BO3ayxa;
(o] — TONLMHA 3aLUMTHOrO cnost 6eToHa, MM,
D — ANaMETP apMaTypHOro CTEPXKHS, MM,
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fex — HopMaTuBHaA Kybukosas NpodHOCTb BeToHa, MMa;
r — CKOPOCTb KOPPO3WUKn apmaTypebl;

aunb —nocTodHHbIE.

3Hauenus Cenv, Cair, @ W b NpuBeaeHbl B Tabnuue 5.2.

Tabnuuya 5.2 — lMepemMeHHbIe BeMYMHBbI B COCTaBe 3ajayn, UX cpeaHue
3HaYeHus U KoadULMEHTLI BapnaLmn

O603Ha4eHUE NEPEMEHHON CpefHee 3Ha4eHve Y KoadhduuyneHT Bapmayum o/uy
Cenv 0,51 0,5
Cair 1 0,4
C, Mm 15; 20; 25; 30; 35 0,3
D, mm 25 0
fex, MIMa 30 0,2
a 1800 0
b -1,7 0
r, MKM/rOA 161 0,5

5.3.42 B ¢opmyne CcTaHAapTHOrO OTKNOHEHUs (ypasHeHve 5.9)
HEW3BECTHbI CTaHAAPTHbIE OTKIIOHEHWSA M KO3ULMEHTBI Bapnaumm BCeX
napaveTtpoB. B Tabnuue 5.2 npuBeaeHbl CPeaHWe BenuYMHbl WU
KO3hMLUMEHTEI BapuaLmn NepeMeHHbIX, BXOAALLUMX B COCTaB 3ajadyn. Ecnu
KO3hUUMEHTEI Bapuaumni HEM3BECTHbI, TO WX MPUXOAUTCA ONpeAensTb
NPUGAVKEHHO.

Ana Toro, utoBbl BOCMONL3OBATLCH YypasBHeHWem (5.9), HeoBGxoanmMO
BbIMOMHUTL YacTU4YHOE AUcdepeHUMPOBaHUE KaXaon nepemeHHon. Ecnn
obpasuoBas dopmyna ANS onpejeneHns cpeaHen BenuYUHbl HE CIIULLKOM
CINOXHa, TO pacyeT BbINONHAETCA anrebpanyecku.

5.3.4.3 CpeaHee W CTaHBapTHOE OTKIOHEHUS Cpoka CRyXObl MOXHO
onpeaennTe NOACTAHOBKOW B (hOPMyInbl CPEAHUX 3HAYEHUN NEPEMEHHbIX.
Takvum o6pa3om, B HaLLEM NPUMEpPE, ECMN KOHCTPYKLMS 3aLLMLLEHa OT JoXKAA
(Cenv =1, r=1 um/rog), a TonwmHa 3awmMTHOro cnost 6eToHa pasHa 25 MM, Mbl
nony4yaem

p(t) = 125 ner;
o(t) = 82 roaa;
o(Y) = 0,595;
u(Y) = 4,65.

5.3.4.4 Ncnonb3ysa Tabnvubl CTAHAAPTHOrO HOPManbHOrO OTKNOHEHUS U
3HavyeHna B ana f = 10, 20, 30 M T.4. NET, MOXHO noacynTaTb
COOTBETCTBYIOLLME BEPOSATHOCTMU paspyLLEHUs!.

5.3.4.5 Ha pucyHkax 5.5 un 5.6 1300paxeHbl KyMynATUBHbIE OYHKLUU
BEPOSTHOCTU, Onpej eneHHbIe ANs PasnnyHbIX 3HA4YEHUI TOMLMHBI 3aLLMTHOTO
cnosa 6etoHa. U3 pnCyHKOB BMAHO, UTO BEPOATHOCTb Cpoka CnyxGbl Kopoue
3aaHHOro cpoka cnyxObl t;. Tpebyemyto TOMLWMHY 3amMTHOrO cnosi 6eToHa
MOXHO onpepenuTb No rpadmkam Kak YHKLUMIO 3aJaHHOro cpoka CryxObl
NpUeMnemMon BEpOATHOCTU paspyLUEHUS.
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MpuMeyaHue—HopmatusHas kybukoBasi npodHocTe 6eToHa paesHa 30 MMa, a guameTp apMaTypbl
paBeH 25 MM

PucyHok 5.5 — BeposITHOCTbL CpokKa cryx6bl Kopoye 3a4aHHOro cpokKa cnyo6bl B
cnyuvae, korga KOHCTPYKLUA 3aluiieHa oT JoXAA

5.3.4.6 Mpu pabote norapudmMUyecku HOpMarnbHbIM pacnpeaeneHnem,
npexge 4Yem nosnb3oBaTbCa 06pasLoBo (POPMYSON, HYXHO YCTaHOBUTb
HEKOTOpble AonofHuTENbHble TpeboBaHuA. OAHO U3 TaKUX OrpaHUYEHUn
COCTOUT B TOM, YTO MareMartuyeckas Moaerb cpoka cnyxGbl He AomkHa ObITb
CINULLIKOM CNOXHOW, NMOCKONbKY OHa AOMKHa octasatbcs AuddepeHumanbHon
OTHOCUTENbHO NBOro NapameTpa, BXOASALLEro B ee cocTas. [lpyroe ycnosue
COCTOUT B TOM, YTO 3TW NapameTpbl He AOIMKHbI OblTb «POACTBEHHbI» OfWH
APYromy; ecnum oHu GyayT TakoBbiMW, TO MPWU OMPEAEneHnun CTaHaapTHOro
OTKIIOHEHUS1 MOTYT NPOSBUTLCA HeXenaTtenbHble B3auMOCBA3N.
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PucyHok 5.6 — BepoAaTHOCTL CPOKa CIyx6b1 kopoue 3aJaHHOro Cpoka cnyx6ui B
cryyae, KOrga KOHCTPYKLMSI He 3awuuieHa oT AoXAA

6 OnpeaeneHne KO3(h(PULMEHTOB HAOAEXKHOCTH MO CPOKY CryXObl
6.1 CywWwHOCTb KO3dhhULmMeHTa HAEXHOCTU NO CPOKY CNYXKObI

6.1.1 B npoeKkTMpoBaHMM  KOHCTPYKUMA  METOA  NPUMEHEHUA
KO3hduMLMEHTa HaAEXKHOCTM MO CPOKY Cny>Obl OCHOBaH Ha TEX Xe NpuHLmunax
©e30MacHOCTH, KOTOPbIE NMPUMEHSIOT B U3NOXEHHBIX BbilLE BEPOATHOCTHBIX
meTogax. C nomoLLbio koahdmumMeHTa HagEXHOCTM MO CPOKY cryxBbl 3aaava
cHoBa npuobpeTaeT popMy AETEPMUHUCTUHECKOTO NPOEKTUPOBAHMS.

6.1.2 Ha pucyHke 6.1 npusBeaeHO pacnpepeneHve cpoka cnyxobl u
3aBUCVMMOCTY MEXAY 3afaHHBIM CPOKOM CNyXObl, BEPOSTHOCTBIO pa3pyLLEeHUs
N CPEAHVM CPOKOM CryObl.

6.1.3 KoadhpuumeHT HagexHOCTU NO CPOKy Cny»6bl NpeacTaBnseT coboi
OTHOLLEHWE CpefiHero cpoka cnyxdbl K 3agaHHOMY CPOKy CnyGbl.

o)
tg ’

Y (6.1)

rae y — LieHTparbHbIN KO3hULMEHT HAfEXHOCTM N0 CPOKY CIyBbI;
y(t) —cpeaHuin Cpok cryxdbl;
ty — 3afaHHbIN CPOK Cry>xObl.
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PucyHok 6.1 — 3aBUCUMOCTb MeXAY CPEAHUM CPOKOM CIyX6bl U 334aHHLIM CPOKOM
cnyxobl

6.1.4 lNMpu ncnonbL3oBaHNM KO3MPULMEHTA HAAEXKHOCTH NO CPOKY CRY>xObl
TpeboBaHNe O 334aHHOM CPoke CnyxObl (COOTBETCTBYHOLLEE MaKCUMANbHO
JONyCTUMON BEPOATHOCTU paspylueHus)) npeobpasyetca B TpeboBaHue 0O
cpeaHem cpoke cnyxBbl. [puynHa 3TOro 3aKMoYaeTes B TOM, YTO 4OCTYMHblE
NPOEKTUPOBLUMKaM MaTeMaTUYECKMe MOAENN AOSNITOBEYHOCTW MOKasblBaloT
TOMbKO CpeAHee 3HaveHne paboTOCNOCOGHOCTU, UM CPELHION BENWMYUHY
jaerpagauun, unv cpeaHuin cpok cryxodbl. MOCKONbKY NPOEKTUPOBLLIMKM UMEIOT
A€o CO CPEAHUMU 3HAYEHUAMY pyHKUWIA, noBoe TpeboBaHWe No 3agaHHOMY
CpoKy Ccnyx6bl  JOMKHO ObiTb, NpPeXHe BCEro, BbIPAKEHO uJepes
COOTBETCTBYIOLLMI CPEAHUIA CPOK CyXObI.

6.1.5 MNpw npoekTMpoBaHUN AONTOBEYHOCTU KOHCTPYKLMIA CPEHUA CPOK
Cnyx0bl 4acTo NPUONKEHHO OMPELENSIOT C MOMOLLBI0 MaTeMaTUYEeCKUxX
mMoaenen cpoka cnyxObl Kak TOYKY MepeceveHusl KpuBOW perpagauum ¢
NUHWEN NpepenbHOro COCTOAHNSA MO AONTOBEYHOCTM (PUCYHOK 6.1). CpegHuii
CPOK Cny>Obl, ONPeAeneHHbIn N0 MaTEMaTUYECKOW MOZENM Cpoka Crnyxobl,
JOMKEH nMpeBbllaTe UNU OblTb PaBHbIM PaCYETHOMY CPOKY CIyXObl —
NpousBeeHNI0 KoapduLMeHTa HagexHoOCTM No CPOKy CryxObl U 334aHHOMO
cpoka Cryx0bl:

p(t)2ta ; (6.2)
ta = yia, (6.3)

rae ts — pacyeTHbIN CPOK CryxObl.
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CnepyeT OTMETUTb, UTO CPEAHWA CPOK CnyxObl He obsizaTenbHoO
cosnagaeT Cc cooTtBeTcTByoWen 50%-HON BEpPOATHOCTbIO PaspyLUeHUs —
CpeaHeCTaTUCTUYECKUM 3HAYEHNEM CpoKa CyXObl.

6.1.6 3HaueHue ko3 dULMEHTa HAAEXHOCTN NO CPOKY CNyObl 3aBUCUT
OT MaKkCUManbHO AOMYCTUMOW BEPOSTHOCTU Pa3pyLUEHUS: YEM MEHbLUE
MakCcMMarnbHO AONYCTUMAs BEPOSATHOCTb paspylueHus, Tem Gonblumm Gyaet
KO3(hPULMEHT HAAEXKHOCTN MO CPOKy cnyxObl. Kpome Toro, koaddumumeHt
HaZEeXHOCTW NO CPOKY Cry0bl 32aBUCUT OT pacnpegeneHns cpoka cryobl.

6.1.7 PUCyHOK 6.2 UnnioCTpUpyeT CyLLHOCTb Ko3dhdumLUmeHTa HaaeXHOCTU
No CpoKy cnyxBbl B YCNOBUAX, KOTAa NPOEKTUPOBAHNE BEAYT B COOTBETCTBUN
¢ npuHUmMnoM paboTbl. Kpusble Ha puCyHKe COOTBETCTBYIOT MPOEKTHOW 3afaye
no onpeaeneHuio Hecyllen CnocobHOCTU. S MOXET MpPeAcTaBnsATb CoOon
BO3AENCTBME Ha KOHCTPYKUMIO Harpysku, a R(f) — HecyLlylo CnocobHOCTb
KOHCTPYKUMK, KOTOpas BO u3bexaHwe paspylueHus AormkHa ObiTb Gonblue,
uem S. PyHKuMo R()—S HasbIBalOT nonem 6e3onacHoOCTU.

rs AN

Mone
BesonacHocTn

BeposTHocTb
paspyLueHus

fg H(t)=ta= ydg )

Bpemsi

PucyHok 6.2 — CywHOCTb ko3d¢puLmeHTa HapeXKHOCTU MO CPOKY cnyx6b1 B 3agave,
OCHOBaHHOM Ha NpuHUune paéoTbl

6.1.8 PaboToCnocoOHOCTb KOHCTPYKLUMM NafjaeT Co BpPeMEHEM W3-3a
jerpagauum martepuanos. Touka nepecedeHus kpueon R(f) ¢ MUHUManNbHBIM
3HaYeHNeM BO3AENCTBUA Harpysku S AaeT CpefHUn Cpok CryObl, KOTOPbINA
paBeH pacyeTHOMy Cpoky cnyxObl. Ecnv Obl 3agaHHbIA CPOK  CryxObl
coBnagan C pacyeTHbIM CPOKOM cnyxObl, TO, rpybo rosops, HecCywas
CMOCOGHOCTb MOSIOBMHbI BCEX COOPYXEHUA Okaszanacb Obl HWKE, Yem
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DENCTBYIOLWAA Ha KOHCTPYKUMIO Harpyska. [ns yMeHblUEHWUSI BEPOSITHOCTU
paspyLleHns Npu 3agaHHOM CPOKE CyObl, PaCYETHbIN CPOK CNy»Obl AOHKEH
6bITb 6ONbLUMM, YEM 3aJaHHBIN CPOK CNy>xObl.

6.1.9 B ofbwem cnyyae R(f) npeactaenser cobol nokasartenb
paboTOCNOCOCHOCTM  KOHCTPYKUMW. S, KOTopass B 33gaye o
paboTocnoCOBGHOCTU KOHCTPYKLMKM OTpaXkaeT BO3AEWCTBUE Harpysku, BO
MHOIMX APYrMX pasgenax MpOoeKTUPOBaHWS [AOMMOBEYHOCTU  3aMEeHSIoT
MUHMMAaSIbHON PaboTOCNOCOBHOCTBIO KOHCTPYKLMN Rnin.

6.1.10 PaboTocnocoBHOCTb KOHCTPYKLMM BCEMAa MOXHO BbIPasuTb Yepes
perpagaumio. Mo onpeaeneHvio  Aerpajauust  ABRSIETCH  CHUXKEHWEM
pabotocnocobHocTu. [lepexon OAHON B ApYryl0 OCYLUECTBMAKT MNyTEM
cnepyLmX NojCTaHOBOK

Ro—R(t) =D(®) (6.4)

unu
Ro— S = Drmax; (6.5a)
Ro— Rmin = Drax. (6.5b)

6.1.11 Ha pucyHke 6.3 npovMnnioCTPpUpOBaH NPUHUMM NPOEKTUPOBAHUS C
npumeHeHvem 3agaum C gerpagauvend. D(f) npegcrasnsetr cobown
JerpagaunoHHoe BNUSIHNE Harpyskuy BHELLHEN cpeabl Ha paboTocnocobHOCTE
KOHCTpyKumMu. KpvBas Aperpajgauumum nepecekaeTcds ¢  MakCUManbHOW
jerpagaumnen B TOMKe, COOTBETCTBYOLLEN pacHETHOMY CPOKY CryXObl, Npuyem
OH AOSKEH ObITb ANMHHES, YEM 3a4aHHbIN CPoK CnyxObl. JnanasoH Dmax—D(t)
— none 6e3onacHOCT.

6.1.12 O6sasaTenbHOE yCnosue NpUMeHeHUst koadhdrLMeHTa HaAEeXHOCTH
Mo CPOKY CryxGbl COCTOWUT, B KOHEYHOM CYETE, B TOM, YTO AOMKHbI BblTb
N3BECTHbI TOYHbIE 3HAYEHUSA KO3IPMULIMEHTOB HAZEXKHOCTM NO CPOKY CNyXObl,
MosToMy fJanee pacCMOTPEeHbl BOMPOCHI OnpefeneHns Ko3uLMeHTOB
HageXHOCTM no Cpoky cnyxObl pasnuuHbiMM  NyTAMKU.  [lpakTnieckoe
NpUMEHeHWe MeToAa Ko3adUUMEHTa HAASXKHOCTU MO CPOKY CryxObl
N3MNOXeHOo B pasgene 7.
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BeposiTHoCTb
paspyLueHust
Drmax J
Mone
6esonacHocTu

ta= yil, }
fo ¥y Bpems

PucyHok 6.3 — CywHoCTb ko3dhchuLmMeHTa HaaeXXHOCTU NO CPOKY CNyX6bI B
peweHnn 3apaym o gerpagauum

6.2 KoathhmumeHTbI HaaexXHOCTU, onpeaensieMble CTOXacTUYECKUMM
MeToaamm

6.2.1 OnpepeneHve ko3UUMEHTA HAAEXHOCTU C  OYHKUMER
HOpMasibHOro pacnpegeneHus gerpagaumm

6.2.1.1 Npeanonoxum, 4YTo QyHKUMA ferpajaumnm UMeeT Cneayowmin
BUA,

u(D() = at’ (6.6)
roe p(D(f))— cpeaHee 3HadeHWe aerpagauum,
a — NOCTOSAHHBIN KO3PULIMEHT
t — Bpewms,
n — 3KCMOHEHTA.

6.2.1.2 B npvHUMne, 3HaYeHNe 3KCTIOHEHTBI N MOXET U3MEHSATbCS OT —°
Jo +. KoadduumeHT a cTporo onpeaeneH npu U3BeCTHOM CpeaHeM CPoke
cnyx6bl

-— Dmax
a= = (6.7)

6.2.1.3 Tpegnonoxum, 4YTO YHKUMA JAerpajauum  HOpmarnbHO
pacrpefeneHa BoKpyr CBOEro CPeAHero sHaueHus. Mpesnonoxum Takke, Yto
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CTaHJapTHOe OTKNOHeHMe D nponopuvoHanbHO CPeaHen  BenuyvuHe
aerpagauuy, a koadpuuneHT Bapuaumn Vp — NOCTOAHEH.

6.2.1.4 Ha pucyHke 6.4 perpafauma usobpaxeHa Kak yHkums .
3HaYeHne y: MOXHO OMNpeaennTb HKenpuBeaeHHbIM cnocotom [2]. UHaeke B
CTaHAapTHOro HOpPMasibHOrO pacnpeaeneHns npu f; onpeaensiemM no dopmyrne

= DmaxDg _ 7 Ormax _
B= VoD, VD(DDQ 1), (6.8)
rae Dmax — MakcumanbHas gonycTumas gerpajgaums,

Dy — CpegHee 3HayeHue gerpagaumm npu tg,

Vb — KO3hULMEHT Bapuauun gerpagaumn.

A

D

Dmax ;L

Dyg

tg ta= Vttg
| tn
PucyHok 6.4 — CHmkeHue K03(h(pULMEHTOB HaAEXHOCTU MO CPOKY CRYX6bI Nnpu

HOpManbHOM pacnpepneneHum D

6.2.1.5 lNo pucyHky 6.4 nonyvaem

DITIEX - (Vt )n -
==y (6.9)

MpupasHuBas (6.9) k (6.8), nonyyaem
yi= (Bvot1)". (6.10)

6.2.1.6 KoathduumeHT HagexHOCTM No Cpoky cnyxObl 3aBucuT ot B (B
COOTBETCTBUM C MakCUMarnbHO 40NyCTUMOWN BEPOATHOCTLIO fy), koadhdpmumeHTa
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Bapuauun Vp 1 3kCnoHeHTs! n. MNpy 3TOM KOS(PMULIMEHT HAAEXKHOCTI MO CPOKY
CNyx0bl HANPSAMYIO HE 3aBUCHT OT f.

6.2.1.7 Janee paccCMOTPUM 3HaYEHWS Yt Kak dpyHKumo B, Vp n n. Mpumem
ana n: n=1 (NuHenHas perpagauus), n=0,5 (3amefneHHas gerpagauns), n=2
(yckopeHHas perpagaumsi). B Tabnuuax 6.1-6.3 npuBeaeHbl 3HaYeHus
KoapduLUMEHTa HaAEXHOCTU Mo  CPOKY CryxBbl Ana  sSHayYeHun g,
COOTBETCTBYIOLLMX BEPOATHOCTAM paspyLUeHns, pasHbiM 1, 5, 10, 20 n 50 %.

Tabnuua 6.1 — 3HaveHus KO3PPULMEHTA HAAEXHOCTN NO CPOKY CNYXGbl.
Jerpagaumnsa nuHenHa (n = 1)

BepoATHOCTb paspyLLeHus, B 3HayeHue y; Npu vp paBHOM
% 0,5 1,0
1 2,33 2,16 3,33
5 1, 64 1,82 2,64
10 1,28 1, 64 2,28
50 0 1,00 1,00

Tabnuua 6.2 — 3HadeHns Ko3ULMEHTA HAAEKHOCTU MO CPOKY CyObl.
Jerpagauus nponopuMoHarnbHa KOpHIO KBagpaTHOMY U3 BpeMeHu (n = 1/2);
3amefneHHas gerpagaums

BeposTHOCTbL paspyLueHus, B 3HavueHve y; Npy Vp paBHOM
% 0,5 1,0
1 2,33 4,64 11,06
5 1,64 3,32 7,00
10 1,28 2,69 521
50 0 1,00 1,00

Tabnuua 6.3 — 3HaueHna koahuLMeHTa HaAEXHOCTU MO CPOKY CIyXObl.
Herpagauuns nponopuMoHanbHa KOPHIO KBajpaTHOMY U3 BpEMeHU (n = 2);
yCKOpeHHas aerpagaums

BepoaTHoCTb paspywenns, % B 3HayeHwue y: Npu Vo paBHOM
05 1,0
1 2,33 1,47 1,82
5 1,64 1,35 1,63
10 1,28 1,23 1,51
50 0 1,00 1,00

6.2.2 OnpepeneHne KosppULMEHTA HAAESXKHOCTU C  PyHKUMEN
norapnMnyYeCKn HOpManbHOro cpoka crnyxobl

6.2.2.1 MMpepnonoxum, 4tTo YHKLUMA pacnpejeneHvs cpoka cCryxobl
norapndMuyeckn HopmanbHas. JTOT BWA pacnpegeneHus  yxe 6bin
paccMmOTpeH B 5.3.

6.2.2.2 MNopacraensia B ypasHeHUs (6.10), (6.11) n (6.12) 3Ha4eHus ¢ = g,
pt) = vy v ve = ot )ut), nonyumm cnepylollee BhIPAXEHUE ANS
onpegeneHus 8
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_n 6 V/q)’%’”( 1+ Hin(ty)
In(1+2)]"
rae y:— KoahULUMEHT HAZEXHOCTIN MO CPOKY CNYXObl;

B — VHAEeKC CTaHAapTHOro HOPManbHOrO pacnpeaeneHns;
VL — KO3OMULIMEHT BapyaLmm cpoka CnyxoGsbi.

6.11)

6.2.2.3 KoatppuUMEHT HaAEXHOCTU MO CPOKy CnyxObl nonydum U3
BbIpaXXeHUS

vi=exp fBfin(1+Z )] *+2in(1+2)} (6.12)

6.2.2.4 Takum 06pa3om, KO3MDDULMEHT HALEKHOCTM MO CPOKY ChyXObl
32BUCUT OT MHAEKCa B 1 OT Ko DMUMEHTA Bapuaumum cpoka Cny0Obl, HO OH
HEMNOCPEACTBEHHO HE 3aBUCUT OT cpoka cnyxObl. B Tabnuue 6.4 npuseaeHsl
KOS(PUUMEHTBI HAAEXHOCTM MO CPOKY CnyxObl, NOACYUTaHHblE ANS
pasnuyHbIX 3Ha4YeHun B.

Tabnuua 6.4 - KoabduumeHTbl HaASXHOCTU MO CPOKYy  CryXObl,
onpegeneHHble No MeToay NorapudMUYECKN HOPMabHOMO pacnpeaeneHns
BeposTHOCTb KoadbhmumeHT HagexHoCTU No Cpoky cny>6bl Npu
paspyLwieHus, % Ko3dppurLUneHTe Bapuaumm v, pasHom
0,3 1,0
1 3,36 9,81
3 2,43 3,36
10 2,03 4,11
30 1,12 1,41

6.3 OnpepeneHne kO03PPOULMEHTOB HANEXKHOCTU NO CPOKY CIYXObI
NPy NPOEKTUPOBAHUMN AONITOBEYHOCTU KOHCTPYKLUUMA

6.3.1 O6LLme npUHLUWNbI
6.3.1.1 naeHyl0 uaero npouecca NPOEKTUPOBAHUS Xene3oBeTOHHbIX
KOHCTPYKLMIA MOXHO BbIpasuTb CNeAyOLMM 06pasom

Ri—S4>0 (6.13)
mnnn
Q4> 0, (6.14)

rae Ru¢— pacyeTHoe 3HaueHue HecyLlel CnocoBHOCTY;
Su — pacyeTHOe 3HaYeHKe Harpysku,
©q — none 6e30MacHOCTH, ONPeAeneHHOe Mo PaCHETHBIM 3HAYEHNSM
HecyLLen cnocobHoCcTU 1 Harpyskn (Ra — Sa).
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6.3.1.2 PacueTHOE 3Ha4YeHne HecyLlen CoCODHOCTU ONPEAENSIOT NyTeM
LENEHNs 3Ha4YeHUss HOPMAaTMBHOW npoyHOCTM GeToHa Ha KoadhdULUMEHT
HageXHOCTM no Martepmany Ana 6eToHa M HOPMATMBHOW MPOYHOCTU
apmMaTypHOW CTanu Ha KO3dULIMEHT HaAEXKHOCTU MO MaTepuany Ans ctanu,
a janee nonb3ysacb 0ObIMHLIMU pacyeTHbIMKU hopMynaMu Ans onpeaeneHns
Hecywleh crnocobHocTU. PacyeTHoe 3HayeHuMe Harpysku nony4aroT
NepemMHOXEHNEM BENNYNHBI HOPMAaTUBHbIX HArpy30K Ha UX COOTBETCTBYIOLLMNE
Ko3ahpunLmMeHTbl HagEXHOCTI.

6.3.1.3 TockonbKy YacTHble KO3hMUUMEHTbI HAAEXHOCTU ONpPeaensaoT
npu ycnosuu BbINOSNHeHUs TpeboBaHUA NpPOYHOCTHOM 6esonacHoOCTW,
COCTOSIHME KOHCTPYKUMW, NpU KOTOpOM Ry paBHO Sys, COOTBETCTBYET
Tpebyemomy ypoBHio Be3onacHocTu. Ecnn Ry okasbiBaeTCs MEHBLLUMM, YEM Sy,
3TO He O3HaYaeT, YTO KOHCTPYKUMSA OBPYLUMTCA Unu Npou3onayT kakne-nubo
WHble (pu3anueckue paspywieHus. @DakTUUECKM 3TO O3HAYaEeT, 4YTO He
BbINOMHEHbI TPeGoBaHWA No cobnmoaeHnio yposHa BesonacHocTn. CteneHb
HaAEXHOCTY, BbIPAXKEHHYH0 B COOMIOAEHMN YCNOBUS OCTABaTLCS BbILLE YPOBHS
©6e30nacHOCTY, Ha3bIBAOT HALEXHOCTbIO AOMNTOBEYHOCTH, U OHa OTNMYaeTcA
OT npoyHoCcTHOM 6GesonacHocTu. COOTBETCTBEHHO, TEPMUH «HapyLueHue
JOMNroBeYHOCTU» HEOBXOAUMO OTNMYATL OT (PU3NYECKOro paspyLUEHUs.

6.3.1.4 MNpouecc NpoeKTUPOBaHUSI AONMOBEYHOCTU KOHCTPYKLMN BECbMa
CXOX C OOblYHbIM KOHCTPYKTMBHbIM npoekTupoBaHuem. OpHako Hecyulas
CnocoBHOCTb — CBOWCTBO, 3aBUCSILLEE OT BPEMEHW, MOTOMY 4YTO KauecTBoO
mMaTepuanos 6eToHa 1 cTany 3aBUCUT OT BpeMeHU. BO3MOXHO, 4TO U Harpyska
3aBUCUT OT BpeMeHn. Takum oGpas3om, OCHOBHaA pacyeTHas copmyna (6.14)
Tenepb NPUHUMAET BUA,

Qg (tg) > 0, (6.15)

rae ty — pacyeTHbIN CPOK CRyXOGbl.

6.3.1.5 Ha pucyHke 6.5 nokasaHO COKpalleHuWe pacyeTHOro nong
6esonacHOCTM BO BpEMEHW. HynesBas nuHWA Ha pucyHke otobpaxaer
MWHMManbHOE 3HadyeHue Og KOTOpPOe ele COOTBETCTBYeT TpeboBaHMsM
ypoBHs1 Be3onacHocTU. HauanbHoe 3HaueHne Oy 4OMKHO ObiTh Bbille 3TOro
3Ha4YeHUs, NOTOMY UTO OHO JAOJBKHO OCTaBaTbCA [OCTaTOMHbIM W MpU
OKOHYaHWM cpoka cnyx0Obl COOpYXeHWA. AHanu3 W3MEHEHUsl 3Ha4YeHus
pacyeTHoro nona 6e30nacHOCTN BO BPEMEHW NOKA3bIBAET, YTO BEPOSITHOCTb
OMnyCKaHmna Hwke yposHa 6e30nacHOCTU BO BPEMEHW BO3pacTaeT u3-3a
nageHus cpeaHero sHaveHust Oq U n3-3a ysenuueHns pasbpoca.

N3 pucyHka 6.5 Taioke BUAHO, NOYEMY B pPacHeTHOM ypaBHeHUU (6.15)
HY>XKHO WCMONb30BaTb «PaCHETHBIN CPOK CnyXObi», a He «3afaHHbI CPOK
cnyxBbi». Ecnu koHCTpykuua 6bina 6bl 3anpoekTupoBaHa Ha 3aaHHbIA CPoK
cnyx06bl fg, TO NONOBWMHA COOPYXXEHWI B BO3PaCTE, PABHOM 334,aHHOMY CPOKY
cnyx0Bbl, He cooTBeTcTBOBana Obl TpeboBaHuam no obecnedeHuto
HeobxopMoro yposHSa 6e3onacHoOCTW. Ans TOro, YTobbl yMEHBLLMTL KBAHTUMb
COOPYKEHWIA, HE COOTBETCTBYHOLLMX TpeboBaHWMAM 6e30NacHOCTA K MOMEHTY
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HacTynneHna 3afaHHOro cpoka cnyxobl, B pacyeTHbIE (HhOpMY bl HE0BX0AMMO
3aknagbisatb Gonee NpojOMKUTENBHBIN PACUETHBIA CPOK CNYXObI.

Oq

O4

KeaHTtune — |

PacuyeTHoe 3HaueHue nons 6e3onacHocTu

>

ta t4= Vit
9= Y Bpewms

PucyHok 6.5 — CHMKeHue pacyeTHO BeNIMunHbI Nons 6e3onacHOCTU U BAUsiHUE

ko3adpmumeHTa HageXHOCTU NO CPOKY CryXObl, ONpeaesieHHOro No pacyeTHbIM

3HauYEHUAM Harpy3oK 1 HeCylUX crnocoGHoCTeN

6.3.1.6 Tpebyemas pasHMLA MeXay pPacCYETHbIM CPOKOM CRyxObl U
334aHHbIM CPOKOM CnyxBbl onpegenseTca ko3adduUMEHTOM HagEXHOCTU NO
CpoKy Crnyx0bl. OTOT METOS, B 3HAYMTENbLHON CTENEHW HanOMWHAET METOZ
06paboTkn  BEpPOSTHOCTEW MPOYHOCTEN W Harpy3ok B dopmyne
KOHCTPYKTMBHOrO pacyeta. [ns nonyuyeHus pacuyeTHOro Cpoka CrnyxObl
334,aHHbIN CPOK CNyKObl YMHOXAIOT Ha KO3MULUMEHT HaAEXHOCTU NO CPOKY
Cnyx0bl.

6.3.1.7 KoahduLIMEHT HapexXHOCTU Mo CPOKy cryxObl fomkeH ObiTb
TakuMm, 4TOObl BEPOATHOCTb CHWKEHWS HuxKe TpebyeMoro ypoBHS
6e30MacHOCTM NPOTUB paspyLLEHUa n3-3a Aerpagaumm (BEPOATHOCTb NOTEPU
J[OMNroBEYHOCTH) OCTaBanacb MeHbluen, uyeMm Tpebyemas. Yem meHble
Tpebyemas BepPOATHOCTb NOTEPU JONTOBEYHOCTU, TEM BonbLue Ko3hhULMEHT
HaAEXHOCTU MO CPOKY CIyXObl.

6.3.1.8 CywecTtBylOT gBa nogxoga ANA onpeaeneHns TpeGyemon
BEPOATHOCTM MOTEPU AONTOBEYHOCTU U COOTBETCTBYHLLEro koadduumeHTa
HaZleXXHOCTU MO CPOKy cnyxGbl: NpuHUMN pasaeneHHon 6esonacHocTn n
NPUHLMN KOMBMHUPOBaHHON Ge30NacHOCTY.

B cooTBeTCTBUMM C NPMHUMNOM paspeneHHon 6esonacHocTi TpebosaHue o
usnyeckon npodyHOCTM U TpeboBaHMe O [AONrOBEYHOCTU HanarawT
paspenbHo.
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MpuHUMN  KOMBUHWMpPOBaHHOM Ges30MacHOCTY  MOApPasyMeBaeT, uTo
JONrOBEYHOCTb — OfMH U3 HECKONBbKMX 3MEMEHTOB, KOTOpble obecneynsaroT
obLyto  npoyHOCTHyto  GesonacHocTb. Takum  ofbpasom, Tpebyemas
BEPOATHOCTb MOTEPU [LONFOBEYHOCTM accouumpyetcss ¢ TpebosaHvem o
NPOYHOCTHOM BE30MaCHOCTU.

6.3.2. OnpepeneHne KO3IPPULMEHTOB HAAEXKHOCTN MO CPOKY CryxObl C
MCMONb30BaHMEM NPMHLUMNA pasaeneHHon 6e30nacHoCTU

6.3.2.1 MpuHuun pasgeneHHon GesonacHOCTU O3HaYaeT paspeneHve
TpeboBaHUii No AONTOBEYHOCTU M MO NMPOYHOCTHOW Ge3onacHocTU. OgHako B
3TOM KOHTeKCTe B [3] TpeboBaHmWs K NPOYHOCTHOM 6€30nacHOCTM BblNo peLLeHo
NPUMEHUTL Takke KU K 6e3onacHOCTV No AONroBeYHoCTU. B cooteeTcTBUM C
3TUM TPebOoBaHWEM HaAEXHOCTb MPOTUB MOTEPU AOMrOBEYHOCTU K KOHLY
3afaHHOro cpoka cnyxbbl AomKkHa OblTb Takom e, YTO U KpaTKOBpeMeHHas
HafleXHOCTb NPOTUB  OU3NYECKOTO paspylleHns B OObIMHOM npoLecce
KOHCTPYKTMBHOIO MPOEKTUPOBaHUsS. HekoTopble OCHOBaHWS AN NOAOBHOro
peLLeHnsa npmeeaeHsl B 6.3.3.

6.3.2.2 Tpebyemble [3] koachdUUMEHTb Ge30nMacHOCTM ANnA OObIYHOrO
NPOEKTUPOBaHWA CreayoLLme:

- KpUTMYECKoe npeaensHoe cocTosiHue: B = 3,8 (Pr=7,2x107%)

- NpeaenbHOe COCTOsIHME MO 3KCNyaTauMoHHON npurogHocTn: B = 1,5 (Pr
=6,7x1072) [3].

6.3.2.3 Kputundeckoe npepenbHoOe COCTOsHME —accouuupyeTca  C
OOpyLUEHMEM MM C  WHbIMW  aHanormyHbiMm  popmamm  PU3NYECKOTO
paspyLleHns. OBbIMHO 3TO COOTBETCTBYET MaKCUManbHOMY CONPOTUBMEHMIO
Mo HecyLlen CrnoCOBHOCTM BCEW KOHCTPYKLMM NN ee OTAENBbHOro anemMeHTa.
MpepenbHble COCTOSAHMSA NO SKCMNyaTaLVUOHHON NPUrOAHOCTU COOTBETCTBYIOT
YyCnoBusiM, 3a nNpeAenamMu KOTOPbIX 3KCMnyaTauuoHHble TpeboBaHusa K
KOHCTPYKLUMU UMK K €€ OTAENbHOMY 3N1eMEHTY Bornee He BbINOMHATCA.

6.3.2.4 BkcnnyaTaumoHHble TpeboBaHUS OTHOCATCS K:

- OYHKLIMOHNPOBAHWIO KOHCTPYKLUM UNN €€ YacTen;

- yaobCTBY akennyartauum;

- BHeLHemy Buay [3].

6.3.2.5 Ecnu noTeps [OMrOBEYHOCTUM B pacyeTax Mo npepenbHoOMy
COCTOSIHUIO HE BE,ET K CePbe3HbIM NOCNeACTBUAM, MOXHO AONYCTUTb HEMHOIO
MeHbLLEee 3HaveHue Bt Yem TO, KOTOpOe OroBopeHo B [3] Ana dusnyeckomn
Besonacroctu. C Apyroi CTOPOHbI, ECIW NOCNEACTBUS NOTEPU A0NITOBEYHOCTU
B pacyeTax Ha 3SKCnnyaTauMoHHYK NMPUrogHOCTb 3HAYUTENMbHBI U CTOUMOCTb
BO3MOXHbIX PEMOHTHbIX pPaboT BbiCOKa, KoahduumeHTy ©Ge3onacHoCTU
CrneayeT HasHayaTb HEeCKONbKO OOMbLUyd BEnWUMHY, YeM Ta, KoTopast
npeanuceiBaetca [3]. Takum o6pasom, oOkoHuaTenbHble TpeboBaHus no
obecneyeHunio AONTOBEYHOCTU NPMOBPETalT creayoLme hopMbi:

1) KpUTUYECKOE NPef.enbHOE COCTOAHME:

B = 3,8 (CepbesHble NOCNeaCcTBUA NOTEPU AONTOBEYHOCTH);
Bt = 3,1 (HET Cepbe3HbIX NOCNEACTBUIA NOTEPW AONTOBEYHOCTH);
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2) npeaenbHOe COCTOSIHNE MO SKCMNyaTaLMOHHOW NPUFrOAHOCTHU:
B = 2,5 (nocneacTemsa NoTEPU AONTOBEYHOCTU 3HAYUTENbHBI, U
CTOMMOCTb PEMOHTa BbICOKA);
Bt = 1,5 (HeT 3ameTHbIX NOCNEeACTBUN NOTEPU JONTOBEYHOCTH).
6.3.2.6 CooTBeTcTBYIOLUME KOIPMDULMEHTBI HAAEKHOCTU MO  CPOKY
cnyx6bl onpeaenaloT us ypaBHeHusi (6.10). Mpu 3TtOoM nogpasymeBaeTca
NUHEVHbIN Xapaktep npouecca aerpagauum (n = 1). Mo Tabnuue 6.5
onpeaensrT KO3MMULIMEHTLI HAAEKHOCTU MO CPOKY CryXObl ANS pa3sHbIX
3Ha4YeHun ko3 durumeHTa sapuayum (vp) .

Tabnuua 6.5 — 3HauyeHuna ko3adpmumeHTa HaAEXKHOCTU MO CPOKY CNYXObI

MpeaensHoe Knacc BeposTHOCTb KoacpdpuumeHnt | Koadpdomument

cocTosiHue 6esonacHocTn norepu 6e30nacHOCTU | HaaeXHOCTM No

(nocnepcTene JAONTOBEYHOCTM | (nocne BpeMeHU | CpoKy cnyxGbl yi,

norepu (nocne BpemeHun ty), Bt npw vp, PaBHOM

[,0NrOBEYHOCTU) ty), Pr 04]106 |08

Kputunyeckoe 1 (cepbesHoe) 7.2:10° 3.8 2,52(3,23]|4,04

MpeaensHoe 2 (He cepbesHoe) 9,7-10* 3.1 224)|12,86 (348

MpeaeneHoe 1 (3ameTHoE) 6,2:10° 2.5 2,00(250] 3,00

COCTOSIHUE MO 2 (He 3ameTHoe) 6,7-102 15 1,60 1,90 | 2,20
KCMTyaTaumoHHON

npurogHoCcTn

6.3.3 OnpegeneHve KO3aPPULMEHTOB HaAEXHOCTU MO CPOKy cnyxBbl C
MCNOMb30BaHNEM NPUHLMMA KOMBUHUPOBAHHON Ge30MacHOCTH

6.3.3.1 B cOOTBETCTBAM C MPUHLMNOM KOMOUHMPOBaHHON Ge3onacHoCTU
TpeboBaHne O [ONroBevyHon Ge30nacHOCTU OMNPEeAEensiioT Ha OCHOBaHUK ee
BMUSIHWS Ha MpPOYHOCTHY 6e3onacHoCTb. Tpebyembie KOIMPULMEHTDI
HafleXXHOCTM MO CPOKY CNyxDObl ONpPeAensitoT Ha OCHOBaHWM pacdeTa no
pacYETHBIM 3HAYEHNAM Harpy30K U HECYLLMX CMOCOBHOCTEN, B TO BPEMS, Kak
TpeboBaHus k obecneyeHuo obLLen NPOYHOCTHOM 6e30NacHOCTU onpeaensioT
MO pPacYeTHbIM 3HAYEHUSAM MPOYHOCTHBIX XapakTtepucTuk. Kpome ToOro,
JOMNONHUTENbHBIA Pa3bpoc, Bbi3BaHHBbIA jerpajgaumen (cMm. pucyHok 6.5),
HaknagblBaeTcs Ha OOblUHbIN pa3bpoc nons ©6e3onacHoOCTU  (0BbIYHbLIN
pa3bpoc No Harpy3kam 1 no HecyLLen CnocoBHOCTN).

6.3.3.2 TpeboBaHusa TpagULMOHHOIO NMPOEKTUPOBaHWA B [3] OTHOCUTENBHO
NPOYHOCTHOM GesonacHocTu (cM. 6.3.2) cebinaloTca Ha nona GesonacHocTw,
NOACYNUTAHHbBIE MO HOPMATMBHbLIM 3HAYEHUSIM XapaKTepUCTUK MaTepnanos n
Harpysok. 3To OOGCTOATENBbCTBO MNO3BOMSET OCYLLECTBNATb rpadouueckyto
UHTEpnpeTaumio TpeboBaHWin Ge30MacHOCTU B KPUTMYECKOM MPEAENbHOM
COCTOSIHUM, YTO M NOKa3aHo Ha pUCyHke 6.6. N3o6paxeHHoe Ha pucyHke 6.6 1
ABNSIOLLEECA CPEAHUM «HOPMAaTMBHBLIM» none 6e3onacHocTu Ok onpeaensioT
no copmyne

Ok = Rk— Sk (6.16)
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o\

Kputuueckoe npeaensHoe cocToaHne
B =38 (P=72x10%)

= MpeaenbHoe cocTosHMe No
3KCMNyaTaUMoHHON NPUro4HOCTU
B=1,5(P=6,7x10?)

Vv

Bpems
Ps P

t=0

PucyHok 6.6 — Tpe6oBaHuA no 6€30NacHOCTU NPU TPAAULIMOHHOM NPOEKTUPOBaHUN
B cooTBeTCTBUM C [3]

rae R« — HOpMaTuMBHas Hecywas CrnocobHOCTb (N0  KPUTUYECKOMY
NpeAernbHOMY COCTOSIHUIO) MMM UHOE COCTOSIHME KOHCTPYKLMU
(NpeaenbHOE COCTOSIHUE MO 3KCTyaTaLUOHHOM NPUrOAHOCTH,

Sk — HOpMaTVBHas Harpyska;
o] — CTaHAapTHOE OTKIIOHEHME nons 6e30nacHOCTU onpeaenseTcs no
copmyne
Ok
a=o(@k)=F . (6.17)

6.3.3.3 OnpegeneHne OCHOBHbIX TpeGOBaHUA  MPOEKTUPOBAHWS
JOMNrOBEYHOCTU

6.3.3.3.1 Tlpy npoeKTMpOoBaHUM  AONFOBEYHOCTN  KOIPULMEHT
MPOYHOCTHON GEe30MacHOCTU MOCMNE WUCTEYEHUS CpoKa CnyObl He AOSKeH
OnycKaTbCA HWXe B, KOTOPbIA, Kak MpaBuo, MOXET ObiTb Takum Xe Mo
3HAYEHUD, 4YTO U KO3apPUUMEHT ©Ge30nacHOCTU ANA  KPUTUYECKOro
npeaenbHOro COCTOAHNS B OObIMHOM KOHCTPYKTMBHOM MpPOeKTUpoBaHun. Ans
crnyyaes, Korga npu notepe NPOYHOCTU KOHCTPYKLMM HE OXUAAIOT Kaknx-nmbo
CepbesHbIX MocneacTsu, koadduumeHT Ge3onacHoCTn Bm MOXET ObiTb
HasHa4YeH HEMHOrO MEHbLUMM, YeM TOT, KOTOpPbIA HeoBxoaumMm npu OBbIMHOM
NPOEKTUPOBAHUMN KOHCTPYKUMA. TpUYMHa 3TOro 3aknio4aeTcs B TOM, YTO B
OBblYHOM  (TP2JMUMOHHOM) NpPOEKTUPOBaHuM TpebosaHns 6e30nacHOCTK
OTHOCAT TOMbKO K HayanbHOMY nepuogy cpoka cnyxObl. K KOHUy cpoka
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cnyx06bl B pesynbTate gerpagauum paktudeckas 6e30nacHOCTb OnycKaeTcs
HWXe OrOBOPEHHOro YpOBHA. Takum oBpasoM, KOHCTPYKTUBHbLIE pasMepbl
COOPYKEHUsI, 3anpOEKTUPOBAHHOIO C YYETOM KPUTEPUEB MO AONrOBEYHOCTH,
HO C MOHWKEHHbIM KO3dULMEHTOM Ge3onacHoCcTM Bm, NO-BUAUMOMY,
JOmkHBI ObiTb ONMM3KM K pasmepaMm TPagULMOHHO 3anpOeKTUPOBaHHOTO.
OpHako 6e3onacHOCTb COOPYXEHUsi, 3arnpoeKTUPOBAHHOIO C  YY4ETOM
TpebGoBaHUA MO [ONTOBEYHOCTU, HAXOLUTCH MO KOHTPONEM Ha MPOTSKEHUN
BCEro Cpoka Cry»xobl.
6.3.3.3.2 Mo nepeyncreHHbIM Bbille NpUYnHaM Krnaccnukaumio ypoBHEN
6e30nacHOCTH, npuBefeHHyld B 6.3.2, Tenepb MOXHO NPUMEHUTbL U K
NPOYHOCTHON 6e30NacHOCTHU:
1) KpuTUYECKOE NPEeAEnbHOE COCTOAHUE:
Bm = 3,8 (CepbesHble NOCNEACTBUS NOTEPU JONTFOBEYHOCTW);
Bn = 3,1 (HET Cepbe3HbIX NOCNEACTBUA NOTEPU AONTOBEYHOCTN);
2) npepenbHOe COCTOAHNE NO KCMNyaTaUMOHHOW NPUrOLHOCTY:
B = 2,5 (nocneacTeusi NOTEPU JONMTOBEYHOCTU 3HAUYUTESBHbI, U
CTOUMOCTb PEMOHTA BbICOKA);
Bm = 1,5 (HET 3aMETHbIX NOCNEACTBUIN NOTEPU AONTOBEUHOCTH).
6.3.3.3.3 B HWxenpusegeHHbIX pacyeTax npeanonaraeTcs, YTo Harpysku
N MPOYHOCTHbIE XapaKTEPUCTUKN MATEPUanoB OCTAIOTCA HEU3MEHHbIMU Ha
MPOTSXKEHUN BCETO CpoKa Cny>Bbl COOPY)KEHUA, a UX BNUAHWE HA pasMepbl
nonsi 6e30NacHOCTV B OCHOBHOM OCTaeTCA TakUM Xe, YTO U B TPajULUMOHHOM
npoekTuposaHuu. MpegnonaraeTcs, YTO Aerpagaumsi matepuanos OkasbiBaeT
BNWSHNE Ha MOMNepeyYHble pasMepbl ANEMEHTOB (pasgen 7) NyTeM CHUKEHUS
3Ha4YeHWn CpefHUX BENMUUMH W MOBLILUEHMEM 3HAYEHUW CTaHAAPTHBIX
OTKMOHEHWI C BMMAHUEM HA BENWYMHY nons 6e30nacHoCTH.
6.3.3.3.4 Bpema wunu AONOMAHWUTESNbHBIA pa3bpoc, 3aBUCALUMA  OT
aerpagauuy, yynTbiBaeTCA KO3(PDULMEHTOM HaAAEXHOCTU cnyxObl y: (y>1)
Takum o6pazom, YTO onpefensaioLLYM BpeMEHEM B NPOEKTUPOBAHUN ABNAETCA
pacyeTHoe Bpemsi fy, KOTOpOe HaxOAAT NyTEM MNEPEeMHOXEHUS 3a4aHHOro
cpoka cnyx0bl fy Ha KO3MULMEHT HaAEXHOCTU NO CPOKy cnyxBbl. JTO
O3HauaeT, uTO, COCTaBMAS OCHOBHble  (HOPMYnbl  MPOEKTUPOBaHUSA
[IONrOBEYHOCTN ANnA BpemeHu { = fo, Mbl HE MPUHUMaEM BO BHUMaHue
JLOMNOMHUTENbHBIA pa3bpoc, 3aBUCALLMA OT BPEMEHW, MOCKONbKY BRUSHWE
pasbpoca yxe yuTeHO B KoadpduumeHTe HagexHocTU Vi KoadhdumumeHt
HaZleXXHOCTW OMPEAEensoT Takum oBpasom, YTo koadbdmumeHT GesonacHocTu
B BO Bpems { = ty NpU y4yeTe TONbKO CHWXEHWA cpepHero 3HavyeHus Gyapet
TaKUM XK€, Kak BO Bpems ! = Iy npuM y4yeTe AONONHUTENBHOroO pasbpoca,
BbI3BaAHHOIO Aerpagadven [2].
6.3.3.3.5 B npuBeaeHHbIX HWXE pacCyxAeHUsX HopMaTuBHOEe none
6esonacHocTn O(f), onpeaeneHHoe no opmyne (6.16), MOXHO BbIPasnUTb Kak

O(t) = ©o— AO(1) (6.18)

rae ©o — cpegHee pacyeTHoe none 6esonacHocTy npu ¢ = 0;
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AO — cHWXeHWe pa3mepoB pacyeTHOro nons 6e30nacHOCTH, Bbl3BaHHOE
Jerpagauven.

6.3.3.3.6 CraHaapTHoe OTKNOHeHne ©p (NOCTOSIHHAs BENUYUHA)
obo3Ha4YeHa Kak 0o, a O NpeacTaBnaeT cobon CTaHaapTHOe OTKINOHeHue AO
(koTopoe wu3-3a HanuMuus  Jerpajauum  COOTBETCTBYET  pasbpocy,
n3obpaxxeHHOMY Ha pucyHke 6.5). [lanee sanuiuem

Ot = (02+02)"2 (6.19)

a=2 (6.20)
Otot
A€ Otot — NOSNIHOE CTaHAAPTHOE OTKINOHEHWe O,
Q¢ — OTHOLLEHME CTaHAAPTHOrO OTKINOHEHUS, BbI3BAHHOIO Aerpagaumen,
K MONMTHOMY CTaHA,apTHOMY OTKITOHEHUIO.

6.3.3.3.7 O603HauMM TaKxe:

Om — MUHUManbHOe 3HaYeHWe O, COOTBETCTBYMOLUEE KOIMPULMEHTY
6esonacHoCcTU Bm, (KOTOPbIA Takke COOTBETCTBYET HYNEBOW fMHUM Ha
pUCyHKe 6.5);

Bt — YaCTHbIN kKO3hPULMEHT HALEXHOCTU NO Aerpajaumn (KoapduuneHT
6€e30MacHOCTM NoTEPU A0NTOBEYHOCTH).

6.3.3.3.8 B npuBeAeHHbIX Janee BbIPAKEHUSAX HWXHUA wHAekc t
COOTBETCTBYET BpemMeHU t = ty. Mpeanonoxum, 4to cpegHee 3HaveHue AQ
BO3PacTaeT NpornopLMOHanbHO POCTY dyHKUMKM £, rae N NpeacTasnaeT cobon
nokazaTenb CTeNeHn Npu OCHOBaHUM «BPEMSI», a Ot NPSIMO NPONopLMOHanbHa
A0.

6.3.3.3.9 Ha pwucyHke 6.7 nokasaH nPOLIECC CHMXKEHUS nonsa
fesonacHoCcTM © BO BpemeHW. BeposaATHOCTb (PU3MUYECKOro paspyLLUeHNns
oTOBpaXaeTca TOM YacTblo pacnpefeneHui, KOTOpble CKasanuChb HUKe
npegena © = 0. Ha BEpOSTHOCTb paspyLUEHUS OKasbiBaOT BMUSIHWME Kak
najeHne cpejHero 3HadeHuss ©, Tak W BO3pacTaHue BO BpEMEHU
CTaHAapTHOrO OTKIIOHEHUS.

6.3.3.3.10 Kak BuagHO u3 pucyHka 6.7, koadhduumeHT GesonacHoCTM npu
t = t; 6e3 yueTa 3aBuNCALLEro OT BpEMEHW pa3bpoca paBeH

B (6.21)
B cooTBETCTBMM C BbILEYNOMAHYTbIM NPUHLMMAOM  KO3(pULIMEHT
6e3onacHOCTN By JOMKEH paBHATLCS KoadduLmeHTy 6esonacHocTn By npu

t =ty , ecnv yuuTbiBaTb TaKKe U 3aBUCALLMIA OT BpemeHun pasbpoc. Mpu =ty
cpefHee 3HayeHue O OTKNOHSAETCH OT O Ha 3HaYeHue nNpousseseHus Biot.

By= 2Pt (6.22)

Otot
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Ot
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Bor

Oo

Om

Pt

-
tg fe= ydg t

PucyHok 6.7 — YMeHblleHWe nons 6e3onacHOCTU BO BpeMeHn

6.3.3.3.11 MpuHsas By paBHbIM By 1 NPUMEHAS ypasHeHue (6.20), nonyymum

Om _ em(1 a2)

Oo

+'B a;
BrinonHas ganee ycnoswe Bo = Om /00 = Bm, NONy4aeM

Bny=Bi——=% - (6.23)

1(1a2)

YpaBHeHue (6.23) nnncTpupyeT, HackosbKo OTHOLLEHWE TpeboBaHns O
MONHOM NpoYHOCTHOM BesonacHocTn (Bm) k TpebosaHuw o BGesonacHocTu
JONroBevyHocTH (Br) 3aBUCUT OT COOTHOLLEHUS Q.

6.3.3.3.12 Cnegytowmm o6pasom MOXHO ONpeaenuTb af.

B COOTBETCTBUM C PUCYHKOM 6.7 Ans Ot umeem

= Oo(1-kt"), (6.24)

rae k npepacrasnsgeT cobon KOIPMULMEHT CHmKeHna O. Takum obpasom,
nony4yaem

A = Qg kb (6.25)

= vp Op kt", (6.26)
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rae Vo — koadpduumeHT Bapuaumm ybbiBaHus O. 0o MOXET ObiTb BblpaykeHa

yepes
00 = On/Bm (6.27)
6.3.3.3.13 BennuunHy kK MOXHO BbIpasuTb kak
©p-6, m
k=L m=—— 6.28
%  (vte) ( )

rae KOnuuecTBEHHasi BEnWYMHa m npeacTaBnseT cobow oTHocUTENbHoe
CHkeHne O 3a nHTepBsan BpemeHu ot 0 1o fy:

—%09m_4 Op
m—e—0—1-e—o. (6.29)

6.3.3.3.14 U3 ypasHeHun (6.19) 1 (6.20) Mmoxxem Jarnee onpeaenutb ar
npu t =ty
mvpOo/Y{

ar= 2 2
[(©m/Bm) +(mvp®o/v})

i (6.30)

6.3.3.3.15 Paszaenus uncnurenb 1 sHameHatenb Ha On/Bm U NpUHUMAas BO
BHUMaHWE, 4TO Oo/Bm = 1/(1 — m), B KOHEYHOM UTOre NOoNyYaeMm:

It
a=— = .
= (6.31)
rae
_ _VpmB;
= amy (6.32)

6.3.3.3.16 PaccmoTpum Tenepb KoaduuMeHT GesonacHocTn B W3
pvcyHKa 6.7 nonyyaem

Bthr =O¢— On,
oTKyAa
= OOn__1 (000
A vp(©9-0)  Vvp ( ©p-0¢ 1)'
C Apyrov CTOPOHbI, M3 PUCYHKa 6.7 BUAHO, YTO

00-Om _ (¥itg)" -y
ore & 't

MoacTaensisi NOCNeAHee BbpaxeHue B OOPMyIy B, nonyunm
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(/)
BF= — (6.33)
PesynbTaTt OKkasancs Takum e, 4To 1 B ypasHeHun (6.10).
MopcTtasue BbipaxeHua (6.31) n (6.33) B ypaBHeHue (6.23), Mbl MOXXEM
onpefennuTb 3HaYEHNA y: Kak PYHKLMIO Vi, N 1 m. 3aTem U3 ypasHeHuii (6.33)
1 (6.31) MoOryT 6bITb NONYYEeHbI COOTBETCTBYIOLLME 3HAYEHUSA B 1 at.

6.3.3.4 PesynbTaThl U UX UCNOMb30BaHME

6.3.3.4.1 B Tabnuue 6.6 npuBeAeHbl 3Ha4YeHNs vy, Bt U ar ANa pasnnYHbIX
3HavyeHud m. 3HadeHue koadbdULMEeHTa HafexXHOCTM L, pasBHa 3,8.
OcrTarnbHble napameTpbl Ha3Ha4eHb!:

VD=0,6
n=1

Tabnuua 6.6 — 3HaueHus yy, B, n a:npm B, =3,8

m yt Bt at
0,001 1,00 0,00 0,00
0,1 1,23 0,39 0,20
0.2 1,44 0.73 0.37
03 1,63 1,05 0,51
04 1,83 1,38 0,64
0,5 2,02 1,71 0,75
06 2.23 2,06 0.84
0.7 2.46 2.43 0,91
0,8 2,70 2,84 0,96
0,9 2,97 3,29 0,99
0,999 3,28 3,79 1,00

CooTBeTcTBYIOLME 3HAYEHWS NPy Bm =3,1 NpuBeaeHs! B Tabnuue 6.7, npu

3TOM OCTalbHble NapaMeTpbl OCTaBneHbl HEN3MEHHbBIMN.

Tabnuua 6.7 — 3HavyeHus v, B, u a: npu Bm =3,8

m v Bt at
0,001 1,00 0,00 0,00
0,1 1,16 0,27 0,17
0,2 1,32 0,53 0,33
0,3 1,47 0,79 0,48
04 1,63 1,05 0,61
0,5 1,79 1,32 0,72
0,6 1,97 1,61 0,82
0,7 2,15 1,92 0,90
0,8 2,36 2,27 0,95
0,9 2,39 2,66 0,99
0,999 2,86 3,10 1,00

6.3.3.4.2 Tabnuupl 6.8 N 6.9 OTHOCATCA K MPOEKTUPOBAHMIO B PEXNME
npefenbHOro COCTOAHMA NO 3KCMAyaTaUMOHHOM NPUroAHOCTU. 3HaYeHUs Vs, Bt
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v ot ganbl Ans Brn = 2,5 u 1,5. BenuumHel vp U 1 UMEKOT BblLLENPUBEAEHHbIE
3HaYeHus.

Tpebyemble 3HaveHus B U y: 3aBUCAT OT M (OTHOCUTESNbHOE YBENUYEHNe
© 3a nepuoa BpemeHu oT 0 Ao t4). B npuHumne, y: B Tabnmuax 6.6—6.9 moxeT
nmeTb noboe 3HaueHVe, ecnu OHO COOTBETCTBYET peanbHOMy m. BennunHa
peanbHOro m 3aBUCUT OT CTEMeHW Aerpajauuu, NpPosiBUBLLENCA 3a CpOK
cnyx0bl, 3Ta BenuMuMHa JorkHa ObiTb nNpoBepeHa pacyeToM nocne
3aBEPLUEHUS NPOEKTMPOBaHUSA. BenuunHa peanbHOrO m He [OMKHA
npeBbiaTb TOrO M, KOTOPOE COOTBETCTBOBANO i WCMONb3OBAHHOW Mpu
NPOEKTUPOBAHUM.

6.3.3.4.3 B npaktnyeckom npoekTUpoBaHUM M MPUHUMAIOT paBHbiM 0,7
Ans yi, paBHon 2,46 npu Bm = 3,8 U ANA Ym, paBHon 2,15 npu Bm = 3,1
COOTBETCTBEHHO. [OCne OKOHYaHWS NPOEKTUPOBAHUSA KOHCTPYKLUMKU BENUUUHY
m NPOBEPSIOT; OHA HE JOMmkHa ObITb GonbLue 0,7.

Tabnuua 6.8 — 3Ha4YeHus yi, B, N a:nNpu Bm = 2,5

m Yt Bt az
0,001 1,00 0,00 0,00
0,1 1,11 0,19 0,13
0,2 1,22 0,37 0,29
0,3 1,34 0,37 0,43
0,4 1,46 0,77 0,56
0,3 1,39 0,99 0,69
0,6 1,74 1,23 0,79
0,7 1,89 1,49 0,88
0,8 2,07 1,78 0,95
0,9 2,27 2,11 0,99
0,999 2,30 2,30 1,00

Tabnuua 6.9 — 3HavyeHus yy, Br, u a:npu Bm=1,5

m Yt Bt ai
0,001 1,00 0,00 0,00
0,1 1,04 0,07 0,10
1,2 1,09 0,15 0,20
1,3 1,13 0,25 0,32
1,4 1,21 0,33 0,44
1,5 1,28 0,47 0,37
3,6 1,37 0,62 0,70
0,7 1,47 0,78 0,82
0,8 1,59 0,98 0,92
0,9 1,73 1,21 0,98
0,999 1,90 1,50 1,00

6.3.3.4.4 HasHayeHne m=0,7 OCHOBaHO Ha NPEANOSIOXKEHUN, YTO none
6e30nacHOCT! B CBOEM Juanas3oHe COKpAaLaeTcsi, uHave roBops, NIMHENHO
(npvbnuanTtenbHo cooTBeTcTBYS 0,5 B OTHOCUTENBHOM CHUKEHUA HECYLLEW
cnocobHoCcTM R, cM. 7.12). EcTecTBeHHO, 3a nepuof BpemeHn ot 0 Ao fy
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OTHOCUTENBHOE CHUXEHNE © 3HAYUTENBHO MeHbLle. Kpome Toro, pasHuua B
HECyLLMX CNOCOBHOCTSIX KOHCTPYKUWW, 3anpOeKTUPOBAHHOW TPaaULMOHHBLIMA
crnocobamMn 1M 3anpoeKTUPOBaHHOW C yvyeToM TpeboBaHuA JONrOBEYHOCTH,
6bina 6bl cnuwkom GonbLuon, ecnu 66l m npesbicnno 0,7.

6.3.3.4.5 Ecnu okaxeTcs, 4to m>0,7, NPOEKTUPOBLLMKY CneayeT u3bickaTb
BO3MOXHOCTb MOHWU3UTb 3Ty BENUYWHY NyTEM U3MEHEHUS pasMepoB
3NEeMEHTOB KOHCTPYKLIMW, UK MPOYHOCTHBIX XapakTepuCTMK MaTepuanos, unm
NnyTeM CHWXEHWA CKOPOCTM perpagauvu. Ecnu 310 He OyaeT caenaHo,
WUCKOMbBIN 3afaHHbIA CPOK CnyxObl OyaeT HepeanuCTUUHbIM B YCNOBUSX
COBPEMEHHOW OKpY>KatoLLen cpefbl, U ero creayeT cokpatuTb. B sTom cnyyae
NPOEKTUPOBLLUMKY crieayeT BbipaboTaTb HOBble TpeboBaHUS K BenuuuHe
3afaHHOro cpoka cryxoGbl.

6.3.3.4.6 Kak BugHO 13 tabnuy 6.6 — 6.9, uncnosbie 3Ha4YeHus G u yi,
COOTBETCTBYIOLLME MaKCUManNbHOMY 3Ha4eHuio m (m = 1), paBHbl KpUTEPUSAM
Bes3onacHOCTN NO AO0NrOBEYHOCTU, U3NOXKEHHbIM B 6.3.2. Ucxoaa us 3sToro,
MOXHO CAEenaTtb BbIBOA, YTO MPU UCMONb3OBAHWUKN MPUHUMNA pPasfeneHHOn
GesonacHOCTM B coyeTaHMM ¢ Tabnuuen 6.5, nocne OKOHYaHWA
NPOEKTUPOBaHWA NPOBEPKa BENNYNHBI M He TpebyeTcs.

6.3.4. YacTHble KO3(h(PUUMEHTbI HAAEKHOCTM MO Harpy3kam u no
MaTepuanam npv NPoeKTMPOBaHUUN JONTOBEYHOCTH

6.3.4.1 Ecnu Bn = 3,8, TO B NPOEKTUPOBAHNU AONTOBEYHOCTU UCMONb3YIOT
YacTHble KO3PULMEHTBI HAZEXHOCTN, YCTaHOBMEHHbIE [3].

Harpysku:

Yo = 1,35 (NOCTOAAHHBIE HArpy3KK);

Yo = 1,5 (NepemeHHbIe Harpy3sku)

MaTtepuansi:

Ye = 1,5 (GeToH);

¥s = 1,15 (cTansb).

Ecnn B» = 3,1, TO NPUMEHSAIOT CrneaylLlme YacTHble KO3ULMEHTDI
HageXHOCTH.

Harpysku:

Yo = 1,33 (NOCTOAHHBIE Harpy3ku);

Yo = 1,33 (NepemeHHbIE Harpy3Kku).

Matepuansi:

Yo = 1,40 (6eToH);

ys = 1,13 (ctanb).

6.3.4.2 YactHble k03UUMEHTBI HAZEXHOCTM AnA Bn = 3,1 Obinn
onpeaeneHsl B COOTBETCTBUMM C [3, npunoxeHue A] € WCNONb30BaHWEM
ypaBHeHun (6.34) — (6.36). [Ansg NOCTOSHHbIX Harpys3ok npeanonaraloT
HOpManbHOE pacnpeaeneHue, a Ans MNepeMeHHbIX — pacnpeaeneHue
BepoATHOCTEN no MNymGento. KoadhduumneHTbl HagexXHOCTU ANsS MaTepuanos
onpegeneHsl U3 MNPEAnoONOXeHUA  NorapudMUYECKM  HOPMAaribHOro
pacnpeaeneHus.
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HopmanbHoe pacnpeaeneHve

y=(1+aBVE (6.34)
Pacnpepenexue Nymbens
V= (1+V, (0, 577+In{-n@ @B))=) (6.35)
Jlorapudpmunyeckn HopmManbHOe pacrpefeneHume
v = exp(aBVy). (6.36)

B ypaBHeHusx (6.34) — (6.36):

0 — KO3PMULIMEHT YyBCTBUTENBHOCTMY,

B — KoadhpuLmeHT 6esonacHoCTw;

Vy — KO3hPULUMEHT Bapuaumu;

§ — OononHUTENbHbIN koadhduLMeHT GesonacHoCTH;

@ — pacnpegenuTensHas hyHKUMS HOPManbHOro pacnpeseneHms.

B pacueTtax 6binu NPUHATBLI CNEAYIOLLIME YACTOBbIE 3HAYEHUA:

§=1,05

a = 0,7 aNs Harpysok;

a = 0,8 aNA NPOYHOCTHBIX XapakTepUCTUK MaTepuanos.

6.3.4.3 O6paTtHbiM cyeTOoM, noacTaenss B = 3,8 M COOTBETCTBYHOLLME
3HaueHus y, onpeaensnu V.. Hosble 3HaueHus y Obinu onpeaeneHbl nytem
NOACTAHOBKWN MOACHUTAHHBIX 3HaYeHUA Vi n B= 3.1,

6.3.4.4 Ecnu B» meHbLLe 3,8 (rmaBHoe ycnosue 6esonacHoctu no [3]), To
HeoBX0aMMO NpOoBEpUTb, 4TOObLI Mnone 6Ges3onacHOCTM ©o M Hecywas
CrMocoBHOCTb Ry He oOKasanMCb MeHblUe COOTBETCTBYIOLUMUX 3HAYEHWUN,
MOJyYEHHbIX MPU TPagWLUMOHHOM MpOeKTMpoBaHun. Ecnu ato ycnosue He
BbIMOMNHAETCH, TO pasMepbl, YCTAHOBMEHHbIE NPU  TPAAULIMOHHOM
NPOEKTUPOBaHMKN, MNPUHMMAOT 3a npepenbHble. Llenb 3TOM nposepku
3aKntodaeTcs B 00ECneYeHnn yCnoBusl, YTO OKOH4YaTenbHas GesonacHOCTb
COOPYXEHWNSI HW NpW Kakux obcTtosiTenbcTBax He morna 6bl ckasatbes Gonee
HW3KOW, yem 6e3onacHoCTb COOpPYKEHUSA, 3anpoeKTPOBAHHOIO
TPaAMLMOHHBIMA METOAAMM.

7 NpoeKkTupoBaHue AONTOBEYHOCTU KOHCTPYKLIVIA
7.1 N3ameHeHue HecyLen cnocoGHOCTU BO BPEMEHU

7.1.1 OCHOBHbIE NPUHLUMMbI

7.1.1.1 Ha Hecywylo CnocoBHOCTb OETOHHbIX KOHCTPYKLMA MOryT
OKasblBaTb JONrOBPEMEHHOE BNUsSHUE CneaytoLme hakTopbl Aerpagaumnm:

- KOPPO3US, BbI3BaHHAs NPOHUKHOBEHNEM XIOPUAOB;

- KOpPPO3US, Bbl3BaHHasA KapboHM3aLmen;

- MexaHn4yecKoe NCTUpaHue;
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- BO34ENCTBUE COMNeBbIX PaCTBOPOB;

- HapyLLeHWe LEeNOCTHOCTU NMOBEPXHOCTY;

- BO34ENCTBUE OTpULaTerNbHbIX TEMMNEPATYP.

Kpome Toro, CyLLEeCTBYHOT ELLe HEKOTOpbIe BHYTPEHHWE AerpajaLnoHHble
MPOLIeCChI, HANPUMEP, PEAKLUMS LLESNOYEN LEMEHTA C 3aNONHUTENEM, KOTOpas
He 00s3aTeNbHO BbI3bIBAETCA BO3A,ENCTBMEM OKpyXaroLLen cpegbl. [MogobHble
LerpagaunoHHble  npobnemMbl  He  paccMaTpuBaltoTCd B HacTosLEM
METOAMYECKOM MOCOBMM, MOCKOMbKY OHU MOryT ObiTb paspeLueHbl nyTem
COOTBETCTBYIOLLEro BbiGopa UCXOAHbIX MaTepuarnos 1 KBanuuumpoBaHHOrO
noa6opa coctasa 6ETOHHON CMECH.

7.1.1.2 ®akTopbl Aerpagaumm BO3LEeNCTBYOT Ha BETOH, Ha cTasb unn Ha
oBa aTMx maTtepuana OfHOBPEMEHHO. B 0BbluHbIX YCNOBUAX Aerpajauus
BO3HMKAET B NOBEPXHOCTHON 30HE BETOHa N CTanu, NOCTENEHHO paspyLuas
marepwuan.

OcHoBHbIe NposBReHus Aerpagauuu 6eToHa UnNu CTanu 3akn4yatoTes B
cnepytowlem [4]:

- noTeps 6eToHa, NPUBOASLLAA K YMEHBLLUEHWIO NONEPEYHOro CeYeHns
GETOHHOro aNeMeHTa;

- KOPPO3UA apmMaTypbl, BeayLlas K yMEHbLUEHWUIO NNoLaan nonepeyHoro
CeYeHUst CTanbHbIX CTEPXKHEN.

Kopposus apmaTypbl MOXET BOZHUKATD:

- B 30HE TPELLMH,;

- Ha BCEeX CTalbHbIX NOBEPXHOCTAX, €CNU NPEAMNONOXUTb, YTO BELLECTBA,
BbI3blBAIOLLME KOPPO3UKO, MOryT MPOHUKaThb no rnopamMm B 6eToHe (o6bluHas
KOPPpO3nsi B yCrOBUSAX YBRAXHEHUS),

- B pesynbTate OTCRauBaHus U LenyweHus 6eToHa 3almTHOrO Crios,
BbI3bIBAEMOro OObIYHbIM PXaBNEeHNeM apmaTypbl, YTO NPUBOAUT K CHUKEHUIO
NIowWaamn MonepeyHoro ceyeHus 6eToHa WM noTepe CUEnsieHns Mexay
apmatypon u 6eToHOM.

7.1.1.3 Hecywyto CnoCoBHOCTb KOHCTPYKLUMIN MOXHO U3yyaTb Ha Tpex
pasnuuHbIX YpoBHsiX [4]. Ha nepBoM ypoBHE UCCEAYIOT TOMbKO MonepeyHble
CeYEHUs1 3NEMEHTOB MO BMUAHWEM pPa3fUYHbIX CUMNOBbLIX BO3AEWCTBUMN,
Hanpumep, usrmbaroLLIero MOMeHTa, NoOMepPeYHON CUMbl, NPOAONBHOW CUMbI U
T.4. Ha BTOpOM ypoBHE BBOAAT MaTeMaTWUYecKylo AerpajaLMoHHy0 MOAesnb
OTAENbHbIX KOHCTPYKTUBHBIX 3NEMEHTOB, Hanpumep, paspesHble 6anku unu
KONMOHHbI, yuuTbiBas gedopmMauuu, npocKanb3biBaHWE W BbiyduBaHUE
apmaTypHbIX CTEpHEN U T.4. U HakoHeL, Ha TPEeTbeM YPOBHE paccMaTpuBaloT
BCIO KOHCTPYKLMIO LIEMMKOM, YYUTbIBAA BO3MOXHOE nepepacnpepeneHne
CUMOBBLIX YCWNUIA, ecnu 3TO NO3BOMSET OCTaTOuHas MacTUYHOCTb
MaTepuanos.

7.1.1.4 B pasaenax METOANYECKOrO Nocobusa paccMaTpuBaeTCst TOSNbKO
nepebii ypoBeHb. Hecywas CnocoBHOCTb KOHCTPYKUMIA OLEHWBaeTcs C
MOMOLLIbIO POPMYTT, MO KOTOPbIM ONPEeAEnAT pa3Mepbl NONepeYHoOro ceveHns
aneMeHToB. B gononHeHue k pacyeTHbIM hopmMynamM NPUMEHSAIOT 3aBUCALLE
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OT BPEMEHW AerpagaunoHHbie Moaenn ans 6etoHa u cranu, 3ta MeToauka
LEMOHCTPUPYETCS HIDKE Ha HECKOMNbKUX MPUMEPAX.

7.1.2 lNpumepb! pacyema npoueccos deepadavuu

7.1.2.1 3agava HaCcToSILLErO METOANYECKOrO MOCOOUS 3aKNHOYAETCH B TOM,
yTobbl NokasaTth, kKakum 0Bpas3oM siBNeHVE Aerpajauuy MatepuanoB MOXET
YyUuTbIBATLCH MPU  ONPEeAeneHun HecyLlerd CrnocoBHOCTH, W Mony4YnTb
npeacTaBneHne, Kak MPOUCXOAUT CHWXEHWE Hecylled CrnocobHOCTM BO
BpeMeHu.

7.1.2.2 PaccmOTpuM nonepeyHbie CeYeHUs CTaTUYEeCcKM Onpenenumon
KOMOHHbI, HaxogsLWencs noj AeWCTBMEM OCEBOW Harpysku, M W3OrHyTON
paspesHorn Ganku. Mpeanonoxum, YTo UMEET MECTO Aerpajauns 6eToHa u
cTtanu, Beaywas K YMEHbLUSHWIO MOMepeyHbiX pasMepoB GETOHHON u
CTanbHOW cocTasnslowmx anemeHta. OTcnamBaHve U wenyweHve 6eToHa
BOKPYT pKaBerLLEN apMaTypbl UTHOPUPYEM.

7.1.2.2.1 KonoHHa

Hecywasa cnocobHOCTb LIEHTPanbHO 3arpy>KeHHOW KBagpaTHOA GETOHHOM
KONMOHHbI, apMUPOBAHHON pasMeLLEHHbIMA B yriax CTEPXHAMM (PUCYHOK 7.1),
paBHa

Re=Ac(D 2 +A(D L, (7.1)

roe R — Hecylas cnocoBHOCTb NONEPeYHOro CEYEHUS Ha CxaTue,
Ac — nnowaab NONepeYHoro ceveHns 6eToHa,
As — nnowagb nonepeyHoro ceveHnsa apmMartypbl,
fok — HOpMaTMBHasI NPOYHOCTL BETOHA Ha CxaTue,
f, — HOMUHaIbHbLIA NPeen TEKYYECTU CTanu,
Ye — YaCTHbIN KO3PULIMEHT HAAEXHOCTU ANA BETOHa U
Ys — YaCTHbIN KOIPPULIMEHT HAAEXHOCTM ANA CTanu.

L d'

™ As(t)

L +

bo
Pucyrok 7.1 — NonepeyHoe ceyeHne KONOHHbI
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Mnowaan nonepedHoro ceveHnss 6eToHa 1 apmMaTypbl ONpesensitoT Mo
copmynam:

Ac(t) = (bo- 2¢'(t)? (7.2)
_ 4m(Dy-2d'(f)
Aq(f)=00200), (7.3)

rae bo— nepeBoHavanbHas CTOpOHA NOMNEPEeYHOro CeYeHNs CTOMKN,
Do — nepBoHavanbHbli guameTp apMaTypHbIX CTEPXHEN,
¢' — perpagauuoHHas mogens Ans 6eToHa, oTpaxaroLas rnyomHy
paspyLueHns 6eToHa;
d' — aerpagauvoHHas Mojenb AN CTanu, oTpaxatoLas rmybuHy cnos
KOPPO3UM CTEPXKHS.

Ecnu ¢ mano no cpaeHeHUo € bo, @ d° Mano no cpaesHeHUO € Do, Mbl
MOXEM 3anuncaTb BolpaxkeHue (7.1) B Npubnm«eHHOM Buge

Ry~Ryp-4 <boc'(t) %) +Dod(f) 2 (7.4)

W3 ypaBHeHUs (7.4) BUAHO, YTO, NO KpanHen Mepe, B HaYarnbHbIA Nepuos,
cpoka cnyxBel (korga ¢'v d' cpaBHUTENBHO Manbl) gerpajgaumsa Ry aHanorniHa
npoueccy aerpagaumn B GetoHe u cranu. Ecnm ¢’ v d' usMeHsTCs BO
BPEMEHWN JIMHENHO, TO W HecyLlas cnoCOBHOCTb KOHCTPYKUMM Taioke Oyaer
YMEHbLIATLCHA BO BPEMEHW MO NIMHENHOMY 3akoHy. Ecnun npouecc nsmeHeHuns
€' 1 d' yCKOPSIIOLLMIACS MNK 3aMefNSIIOLLMIACS, NafeHne HeCyLLen CnocoBHOCTH
Rq NnposiBNSET Takyo e TEHAEHLMIO.

Ha pucyHke 7.2 nsobpakeHO CHmkeHue Ac, As, 1 Ry, BbIpaXeHHOE B
npoueHTax (B COOTBETCTBUM C ypasHeHusmn (7.1) — (7.3), Ana obblMHON
LEHTpanbHO 3arpyXXeHHOM KOMOHHbI B MpegnonoxeHun, 4to ¢ u d
U3MEHSIIOTCS BO BPEMEHM MO NUHENHOMY 3aKOHY. PacuyeTbl BbINOMHEHb! AN
CNEeAYoLLMX pa3MepoB U NPOYHOCTHbIX XapakTepuUCTUK MaTepnanos:

bo = 500 Mmwm;

Do = 25 Mm;

fox =40 MIMg;

fix = 400 MIMa;

Ve =1,5;

Ys = 1,15;

c'(t) =0,4 mm/rog;

d'(t) = 0,04 mm/rog.

47



As Ry

OcraBLluniics NpoueHT, %
[*J
o
X
t

Bpewmsi (rogbl)

0 I It It I 1 4 4 3 it $ } 4 n
T 1 T T T T T T T T T T \j

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Pucyrok 7.2 — YMeHbl eHne NonepeyHbIX CeUeHWin MaTepuranos U Hecylen
CMOCOBHOCTM KOMOHHbLI Ha cXaTue

Jerpagaums Rq, Kak K&XETCS, MBMEHSIETCS BO BPEMEHN NpubnusutenbHo
no MPAMONUHENHOMY 3aKOHY, U MpW 3TOM OHa GNM3KO MOBTOPAET KPUBYIO
nageHus Ac. Kopposus apmaTtypbl UMEET OTHOCUTENbHO HeborbLLIoe BAnsHUE
Ha 0BLLYH HECYLLY CnocOBHOCTb KONOHHBI. [Jake Npu NoHOM UCHE3HOBEHUN
NNoLaamn apmaTypbl KOJIOHHa COXPaHUT HEKOTOPYHO HECYLLIYHO CMNOCOBHOCTD.

7.1.2.2.2 banka

HecyLuyto cnocoGHOCTL Banku onpeaensoT No crneaylowmm opmMynam
(pycyHok 7.3):

Rds=As(t)z(t)g (HanpsKeHWA B CTanu — onpegensoLme) (7.5)

Rdc=b(t)x(t)z(f)% (HanpsbreHus B 6eToHe — onpegensiowme)  (7.6)

/2
xduen 1+ (1+:2)) @7)
z2(t)=d@)- 222, (7.8)
n=Es. (7.9)
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__A® _ Nem(Dod @) 14
HO= 5040 ™ o200 @0 d0)) (7.10)

roe Rgs — M3mbHas Hecyllasa cnocobHocTe 6anku, Kkorga onpeaensowmmm
ABNAIOTCA PaACTArMBAIOLLME HaMNPSHKEHUA B apmaType;
Rac — n3rubHas Hecyllas cnocobHocTb Ganku, korga onpeaensiowymMm
ABNSAKOTCA CKUMAIOLLME HanpsiKeHusi B GETOHE;
As —nnoLagb NonepeYHoro CeYeHnst apmaTypsbl;
d - pabouas BbicOoTa CeveHus Ganky;
X — pacCTOosHWE OT HENTParnbHON OCU 4,0 BEPHEN rpaHun 6anku;
Z —NNeYyo BHYTPEHHel napbl M3rnbatoLlero MOMeHTa;
Es — moaynb ynpyroctu crtanu;
E: —moaynb ynpyroctu 6eToHa;
[ — reomeTpuyeckasl nnowajb apmaTtypsl;
Cc' — perpajauvoHHas MOAEnb, oTpaxarollas rnyouHy paspyLleHust B
6eToHE;
d'" — perpajauvoHHasi Mogenb, oTpaxarowas rnyouHy Kopposwuu
apmaTypsl;
Ns — uncno crepxHen apmaTypbl.

YMeHbLUeHne As, Z, Rdas U Rae, %, 4ns oBblYHOM Banku ¢ NOCTOSHHOW
cKopocTbio ferpagauun ¢’ n d' nsobpaxeHo Ha pucyHke 7.4. B pacdetax
MPUHSTBl  crieaylowme  pasmepel W MPOYHOCTHBIE — XapaKTEPUCTUKW
MaTepunanos:

bo =400 mm;

do =700 mm;

Do =25 mm;

Ns=3;

fo =40 MNa;

f, = 400 MMMa;

Es = 200 000 H/MMm?;

Ec = 9500 (fo+ 8)"® H/MmZ;

ye=1,5;

ys=1,15.
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Kak B1aHO 13 pucyHka 7.4, Kpusas CHMKEHUS R4s BNU3KO NOBTOPSET 3aKOH
YMEHbLUEHNS MNOLaAN NONEPEYHOro CeYeHNs apmaTtypbl. OTO NPOUCXOAUT
MOTOMY, YTO YMEHbLLEHME BO BPEMEHN 3HAYEHWSA Z, KK KaXKETCS, O4eHb Mano,
N OHO OTHOCWUTENBHO MEHBbLUE, YEM CHWXEHWe d, Nockonbky d Takke
YMEHbLUaeTCs.

AGcontoTHas BenuunHa Rgs MeHble, YeM abconioTHasi BenMuMHa R
Taknm 06pa3oM, Rys B HACTOSALLMX PACCY>KAEHUAX — ONPeAEnsALLMA dakTop.
KpvBasi Rac, nsobpaxeHHas Ha pUCYHKE 7.4, oBHapyXvBaeT TEHASHLMIO K
CHDKEHWNIO MPaKTUYECKWN MO NIMHEAHOMY 3aKOHY.

7.2 Tpeanaraembie nNpuUeMbl MNPOEKTUPOBAHUA [AONTOBEYHOCTH
KOHCTPYKLUH

7.2.1 lNpepnaraemble npvembl MPOEKTUPOBAHWA BKMIOYAKOT B cebs
cnegyowme asbl:

- TPAANLMOHHOE NPOYHOCTHOE NPOEKTUPOBAHWE,;

- NPOEKTMPOBaHNE AONMTOBEYHOCTY,;

- OKOHYaTenbHOe MNPOEKTUPOBaHME.

7.2.2 ina dpasbl 3 (OKoHYaTeNbHOE NPOEKTUPOBaHWE) NpeanaraeTca Asa
mMeToaa:

- MeTtoa pasaenbHOro npPOEKTUPOBaHWSA, COCTOALUMIA B MPOCTOM
o6beanHeHN pesynsTaToB dasel 1 1 assl 2;

- MeTtos KOMGUHMPOBAHHOMO MPOEKTUPOBaHWA, B KOTOPOM MPOYHOCTHOE
NPOEKTUPOBaHNE NPOBOASAT 3aHOBO NpU Ry(fy)>S4(ty), NCNONb3ya pesynbTaTbl
asbl 2. B aToM cnyyae ¢asa 1 CnyxuiT, B OCHOBHOM, AN NPOBEPKU, OfHAKO
B HEKOTOPbIX CMy4asX UMEHHO OHa MOXET OKasaTbCsi ONpeASNSIoLWEn.

7.2.3 Cxema nocneposaTenbHbIX OMepauuii Npu  NPOEKTUPOBaHWN
npuBeaeHa Ha pucyHke 7.5.

7.3 TpaagMUMOHHOE NPOEKTUPOBaHNE KOHCTPYKLMIA MO NPOYHOCTHN

TpaguumoHHOE NPOEKTUPOBaHWE, MpPUM KOTOPOM pasMepbl CeYEeHWi
KenesoBETOHHbIX KOHCTPYKUMIA ONPEeAensiioT W3 pacyeTta Ha MpOYHOCT,
BLINOSHAKT C MPUMEHeHneM OBbluHbIX MeTopuk. Ero sajava cocrout B
ornpejerneHnn NpesBapuTesbHbIX Pa3MEPOB 3MEMEHTOB KOHCTPYKLMK.

7.4 MpoeKTUPOBaHME AONTOBEYHOCTU

7.4.1 MeToavKa NpOEKTUPOBAHMS A, 0NrOBEYHOCTU

3agaya nNpPoOEKTUPOBaHUS AONMTOBEYHOCTU COCTOMT B obecneyeHun
BO3MOXXHOCTWU PErynMpoBaHnsa AOSITOBEYHOCTM Ha MPOTSXKEHMU BCEro cpoka
aKCnyaTauum COOPYXEHUA.

lMpoekTupoBaHue AONTOBEYHOCTU COCTOUT U3 CeayoLLmMX onepauui:

- onpegeneHne 3a8aHHOro cpoka cnyObl U paCHETHOrO Cpoka CriyxObl;

- onpeAeneHue BNusHUA OKpyXXatoLen Cpeabl

- BbisiIBNEHne (pakTopoB AONTOBEYHOCTU U MEXAHU3MOB Jerpajauuu;

- BbIGOp MOAenen AONroOBEYHOCTU AJ15 K&K 0ro MexaHnsmMa aerpagauumu;
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- pacyeT napameTpoB AONMOBEYHOCTU C UCMOMb3OBAHUEM MMERLLMXCS
pacyeTHbIX Mogernen,

- BHECEHNE BO3MOXHbIX KOPPEKTUBOB B pacyeTbl

TPaAULMOHHOTO

MPOYHOCTHOrO MPOEKTUPOBaHNA (Hanpumep, YydYeT CcoOCTBEHHOrO Beca
KOHCTPYKLMN);
- NepeHeceHne napameTpoB [OTOBEYHOCTU B OKOHYATENbHbIN pacyeT.
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TpagMunoHHoe NPOYHOCTHOE
NpoeKTUpoBaHve
OnpegeneHune pasmepoB 3reMEHTOB
KOHCTPYKLMUN TPagULMOHHbBIMU
METOAaMW NPOEKTNPOBaAHUSA
e CTaTU4eckun pacyer
e (pacyeT Ha ycTanocTb)
e (JMHaMWUYECKUI pacyeT)
PesynbTathl
e npejBapuTenbHble pasmMepbl
3NEeMEeHTOB KOHCTPYKLMU
e KONMUYECTBO U pa3meLleHne
apmarypebl
e MPOYHOCTL GEeTOHa

v

<____

v

OKOH4YaTenbHOE NPOEKTUPOBAHUE
BapwuaHT 1
(MeToa pasaenbHOro NPOEKTUPOBAHMUS):
o ob6beavHeHne pe3ynbTaToB
TPagMLNOHHOIO NPOEKTUPOBaHMS
W NPOEKTUPOBaHNS
JONroBEYHOCTYU
BapwuaHnT 2
(MeToa KOMOMHUMPOBAHHOTO
NPOEKTUPOBAHMNS):
® U3MEHeHWe pasmepoB
3MNEeMEHTOB KOHCTPYKLMW,
NOMyYeHHbIX U3 MPOYHOCTHOrO
NPOEKTUPOBAHMS, C y4ETOM
napameTpoB U3 pacyeTa Ha
JAONroBEYHOCTb
MpoBepka oKOHYaTENbHbLIX PE3YNbLTaToB
1 BO3MOXHAas KOPPEKTUPOBKA paHee

NONTYYEeHHbIX NapameTpoB

\ 4

<____

MpoekTpoBaHWe LONrOBEYHOCTHU

% OnpepeneHne 3agaHHOro
cpoka cnyx0bl 1 pacyeTHOro
cpoka cnyobl
OnpeaeneHuve BNUAHWA
oKpyXalLlen cpeabl
BbisiBneHvne mexaHusmoB
Jerpagauum

Bbi6op moaenen
JOINTOBEYHOCTU ANA
MEexaHU3MOoB Aerpagauum

.
°n

*
*»

*
*»

% OnpeaeneHve napameTpoB
JONrOBEYHOCTU, HanpuMep:

e rnybuHa nospexaeHna 6eToHa
W KOpPO3UKN apMaTypbl

e TOMWWHA 3aLMTHOrO CNosi
6eToHa

e JMaMeTp apMaTypHbIX

CTepXHen

“ dakTopbl, NoANEXAaLME YUETY,
Hanpumep:

nNpoYHoCTb 6eToHa
npoHuyaemoctb 6eToHa

TUN UeMeHTa

TexHonorna Habopa NpPo4YHOCTU
6eToHa

TUN apmaTypsl

® KOHCTPYKTMBHbIE pasmepsbl

PucyHok 7.5 — Cxema nocnepoBartesibHbIX onepauuin Nnpyu NpoeKTUpoBaHun
OONroBe4YHOCTU

7.4.2 OnpepeneHne 3agaHHOrO Cpoka CnyxObl U pacYeTHOro Ccpoka
cnyxObl
3agaHHbIN CPok cny>xObl ONPeSEenaT B COOTBETCTBUM C TpeBOBaHMAMN,
npvBeLEeHHbIMU B HOPMATUBHbIX AOKYMEHTax, B AOMNOMHEHME K BO3MOXHbIM
crieumanbHbiM TPeboBaHNSAM 3aKasynka.



HavBonee Yacto BCTpeYalLLmMecs KaTeropmum cpoka cnyxsl — 10, 25, 50,
75, 100 net n T.4. Knaccudumkauma 3agaHHbIX CPOKOB CnyxGbl (CM. Tabnuuy
7.1) copepxutcs B [3]. MpUMeHaeTCa TePMUH «pacHETHbIA CPoK paboTbl» [3],
YTO MOKHO MHTEPMNPETUPOBATL KaKk MUHUMASbHBIN TpeByemblin Cpok CryxObl.
B craHgapte BS 7543 [5] npvBOAST MHYIO Knaccudukaumio.

Tabnuua 7.1- Knaccudmkauusa 3agaHHOro cpoka cnyx6bl (pacyeTHoro
cpoka pa6otbl) [3]

Knacc | 3apaHHbIii cpok criyxBbl Mpumepsbl
(roabl)
1 (1-5 BpemeHHble COOpYXEeHWS
(25) 3ameHsieMble 3NEeMEHTbI KOHCTPYKLUKM, HanpumMep,

KpaHOBble CTPEenbl, ONOPHbIE YacTu

3 (50) 3p2aHus 1 gpyrue coopyxeHus obuiero HasHa4eHus

4 (100) MoHyMeHTanbHbIe 34aHNs, MOCTbI U APYrne rpaxaaHckue
COOpPYXEHUs!

Mpegnaraemas knaccudmkauns Ans NPOeKTUPoBaHWS A0NTOBEHYHOCTN
npusegeHa B Tabnuue 7.2. Kpome Toro, B Tabnuue npveeaeHbl TpeGosaHns
no CPOKY Crny>xObl 1 KOIPPULNEHTbI HALEXHOCTMW MO Harpyskam u
mMaTepuanam.

PacueTHbIN Cpok crnyxBbl HAXOAAT U3 ypaBHeHNs (7.11):

ta = yitg, (7.11)

roe fy— pacyeTHbI CPOK CnyObl,
Yt — KO3 PULNEHT HAZEXHOCTU NO CPOKY Cry*Dbl,
ty — 3aA4aHHbI CPOK CyXObl.

7.4.3 Y4eT BNNsHNS oKpyXatoLen cpeabl

AHanu3 BRUSHWSA OKPYXaloLeW cpeabl nojpasyMeBaeT onpeaerneHue
KNMUMaTUYECKUX YCNOBUA, Hanpumep, konebaHna Temnepartypbl U BNaXHOCTY,
JOXAN, KOHAEHCauMa BRarM, 3amepsaHve, COMHeYHas paguaums,
BO3JENCTBME 3arps3HEHHOro BO3AYXa, a TakkKe reonorMueckMx YCrnosuw,
HanpumMep, YpoBEHb rPYHTOBbIX BOA, BO3MOXHbIN KOHTAKT C MOPCKOW BOAOW,
3arps3HeHne MoyBbl arpecCcuMBHbLIMW peareHTamu, Hanpumep, cyrnbcartamm
unn xnopugamu. Kpome TOro, HeobxoauMO Takke BbISBUTb M DaKTopbl
BO30ENCTBUSA, CBSI3aHHble C 4YeroBEYEeCKON AEeATEeNnbHOCTBIO, HanpuMmep,
NPUMEHeHWe conen Ha pJoporax, npoAykTel abpasMBHOTO AENCTBUA
TpaHcnopTa u T. 4.

7.4.4 OnpepeneHne hakTopoB Jerpagaumnm u MexaHu3moB Jerpagauum
OcHoBbIBasACb Ha aHanNM3e xapakrepa BO3AENCTBUS OKPyXaloLLen cpeab,
NPOEKTUPOBLUMK  onpeaenser  (pakTopbl, BO3JENCTBUIO KOTOPbIX
paccmaTpvBaeMasi KOHCTPYKUUSI BEPOSATHEE BCEro OyaeT noaeepratecs. Ha
aTON  cTagum  paboTbl  MOXET  OKasaTbCA  MONe3HbiM  NepedeHb
AerpaaaunoHHbIx hakTopoBs, NpuBeaeHHbIX B Tabnuue 8.1.
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ECnu  KOHCTPYKUMM MOMHOCTBIO He 3allivlleHbl OT BO34encTBust
OKpY>KatoLLen cpeabl, 06bIMHO MpegnonaratT, YTO UMEET MECTO HEKOTOpPbIN
AEerpagaumoHHbIi NpoLecc kak B 6eToHe, Tak U B apmaType.

Tabnuua 7.2 — Knaccudukaumsa 6e3onacHOCTU NpuU NpoeKTUpOBaHUM
AONroBe4YHOCTU U COOTBETCTBYIOLMNE KOI(P(PULMEHTbI HaOeXHOCTU No
CPOKy CrnyX6bl

MpepensHoe Knacc PaspenbHoe Kom6uHupoBaHHoe
COCTOSIHME fesonacHocTn NPOEKTMPOBaHNE NPOEKTUPOBaHNE
npv KoadhduuymenTt|KoadbduuymeHT|KoathdurumneHT|KoadhduuymneHT
NPOEKTUPOBAHUN | HAAEXHOCTM | HAAEXHOCTU | HAAEXKHOCTU | HagexHoCcTn
AONrOBEYHOCTU Mo CPOKy |MO Harpyske u| no cpoky [nmo Harpyske u
cnyxBbl ¥ | matepwany | cnyxbul v | martepuany
KpuTtuueckoe 1 CepbesHble
npegernsHoe coumarnbHble,
COCTOsiHUNE 3KOHOMUYECKMEe
nnu d
S KOnOrMYecKkUe 33 HOPManbHbI€ 2,5 HOpMasibHble
nocneacTBug
dunanyeckoro
paspyLieHusi
2 MocnepcTeua Y~1,3°
pusmnyeckoro d Y»=1,38
0a3PYLLIGHIS He 29 HOPManbHbIE 2,2 Y.=14
CepbesHbl Ys=1,13
MpepenbHoe 1 3ameTHble
ICOCTOSIHME NO nocneacTeus n
aKCnnyaTayMOHHOW BHAYUTENbHbIE 2,5 - 1,9 -
HaLEeXHOCTU 3aTpaTtbl Ha
PEMOHT
2
HesHauutenbHble
nocneacTBus U 1,9 - 1,5 -
BaTpatbl Ha
E€MOHT

a — HeoOxoamuMa NpoBepKa Ha ycroeue: m (OTHOCUTENbHOE CHIDKEHME nons 6e30MacHOCTM 3a Nepuog
ot 0 fo ¢y net) <0,7

b — cm. Tabnuuy 6.5

¢ —cMm. Tabnuyy 6.6-6.9

d — ucnonb3yoTcs k03MULIMEHTBI HAAEXKHOCTM MO Harpy3kam U MaTepuanam U3 NPoYHOCTHOrO
NpoekTupoBaHUs

€ — B MpPOEKTMPOBAHUM [OMrOBEYHOCTW MOXHO WCMONb30BATh MOHUXKEHHLIE KOI(DMULIMEHTbI
HagexHOCTU No Harpyske u martepuany (cMm. 6.3.4). OgHako HagexHOCTb B Havane cpoka cnyxobl (f=0)
lomkHa BbITb, MO KpaKHen Mepe, Takom e, Kakyto TpebyeT TpaauLMoHHOE NPOEKTUPOBAaHME.

7.4.5 BbIbop MOAenn [OMrOBEYHOCTU AN KaKAOro AerpagauuvoHHOro
MexaHnama

3agava NpPOEKTUPOBLUMKA COCTOUT B ONpeaeneHnn AerpagaumioHHbIX
haKTopoB, KOTOPblE OKasblBalOT peLlalllee BUSHWE Ha CPOK ChyObl.
MprUTOM MOXET OKa3aTbCa HEOOXOAMMbIM CAENaTb NPELBaPUTENBHYHO CLIEHKY
CKOpPOCTU Aaerpagauun ana pasnuuHbix ¢akrtopos. Mpu nogobHonm oueHke
MOXHO NPUMEHUTb MOAENU, ONUCaHHble B pasgene 8. [ns Bcex Tunos
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YXYALWEHUA COCTOSIHUSI KOHCTPYKLMM MOTYT NPUMEHSATBCA OAHU U Te Xe
pacqeTHbIe onepauun 1 NPUHLMNbL

Ona  Bcex OGETOHHbIX KOHCTPYKUWIA, HaxogAaWMXCa B OObIYHOM,
He3alMLLEHHOM OT aTMOCHEpHOro BO3AEWCTBUA COCTOAHWUM, MEXaHW3Mbl
jerpajauum MOXHO KnaccuduuupoBaTb NO CNEAYHOWMM KOHCTPYKTUBHBIM
TUNam aerpagauun.

1) Kopposusa apmatypbl B 30HE pacronoXeHus TpewuH B GeToHe
NPUBOAUT K YMEHBLUSHUIO NJOWaAn MONEpPeyYHOro CeveHus apmMaTypHbiX
crepxHen. PacueTHble Mogenu M NpOrHo3vpyemMas CKOPOCTb KOPpO3uvM,
KOTOpbIE MOXHO WUCMOMb30oBaTh B pacyeTax, npuseaeHbl B 9.5.

2) PaspylweHue noBepxHOCTHOro crnosi 6eToHa wunu 3samopaxuveaHue
NPUBOASAT K COKpaLLEHWIO Mnowagn MonepevyHoro ceyeHua GeToHa.
PacyeTHble mopenu, npuBefeHHble B 9.3 AN npouecca paspyLueHus
NMOBEPXHOCTHOro Cnost 6eToHa M B 9.2 AN BO3REACTBUS 3aMOPaXKNBAHUS,
TaKKe MOryT GblTb HENOCPECTBEHHO UCMONb30BaHbI B pacyeTe.

PacueTHble mogenu ans onpeaeneHus cpoka cnyxobl NpU BO3LEACTBUN
obwen Kkoppo3uu, nNpuBEAEHHble B pasjgene 9.5  uCnonb3ywT npu
onpeaeneHnuy BpeMeH NosiBNEHUst TPELLMH B 3aLLMTHOM crioe 6eToHa.

7.4.6 OnpegeneHus napaMeTpoB AONTOBEYHOCTU C NMOMOLLBK PaCHETHBIX
MoJenen

Mmy6uvHy KOppO3MM OnpegensioT C  UCMONb30BAHMEM B KavyecTBe
pacyeTHoOro Bpems ty. [locne 3Toro onpeaensalT AuameTpbl CrnvpasnbHOn
apmatypbl (XOMYTOB) W NpoYell BO3MOXHOW KOHCTPYKTMBHOM apmaTypbl.
MwHUManbHbIR HadvanbHbIA  AMaMETP CTepXHeN Domin paBeH ABOWHON
TOMNWMHE KOPPO3WUKM, CYMMMPOBAHHON C MWHUMAamNbHbIM KOHEYHbIM (Mocne
OKOHYaHWsA cpoka cryObl) AUaMeTpPoM CTEPXKHSA. MUHUMANbHBIA KOHEYHbIN
AnameTp onpegensier npoekTnposlmKk (=0). Mpu 3TOM nepeOHaYanbHbLINA
AUaMETP AOMKEH HasHauyaTbCA C YYETOM HOPMAaTWMBHBIX AOKYMEHTOB Ha
npokat (Do2Do min).

Mny6uHy paspyleHnss 6eToHa OnpefensioT, WCMonb3ys B KavyecTse
pac4eTHOro Bpems fy. MMHMManbHYO TONWWHY 3awmTHOro cnost 6eToHa Comin
ONpeaensaT Kak cymmy rmny6uHbl paspylieHus 6eToHa M MUHUManbHOR
KOHEYHON TOSMLUMHBI 3aLLMTHOrO Cnos (MOCne OKOHYaHUS cpoka CryxObl).
MWHUManbHYO  KOHEYHYIO TOMWMHY 3awuTHoro cnosi GeToHa 3ajaeT
NPOeKTNPOBLLMK (=0). MepBoHa4anbHas TOMNWMHA 3aMTHOrO cnosi GeToHa,
Co, Ha3Ha4YaeTCA NMyTeEM OKPYrneHusi B GONbLLYK CTOPOHY, NPW 3TOM AOJTKHbI
yYnTBIBATLCA TPEBOBAHNSA HOPM.

Kpome 3Toro, HEOOXOAUMO BBIMOMHUTE NPOBEPKY Ha OOLLYH KOPPO3UIO.
3apgava 3TOM NPOBEPKM 3aAKIOYMAETCH B rapaHTUPOBAHHOM WCKMHOYMEHUN 3a
BECb CPOK CnyxObl PacTpeCKMBaHWS WNyM OTCNauBaHUs 3alMUTHOTO CIOA
BeToHa, YTo NpuBeno Obl K HAPYLLEHWIO cLenneHns 6eToHa C apMaTypoi. Ity
33484y MOXHO BbINOMHUTL MYTEM NPUMEHEHWUA PACHETHBIX MOAENENR cpoka
cnyx06bl K npoueccy obLen Koppo3dM Mpu YCRoBUW NPeABapUTENbHOro
HasHayeHWs pasmMepoB TOMLMHbI 3aLUMTHOrO crnost 6eToHa U AnaMeTpoB
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apMaTypHbIX CTEpXHEA B KavecTBe napameTpos. B kauvectse apmartypbl,
MOBBLILLAKLEN COMPOTUBIEHUE K OOPa30BaHWMO TPELMH W OTCMauBaHUIO,
0BbIYHO MCNOSL3YIOT CMPasIbHBLIE XOMYThI.

7.4.7 BO3MOXHbIE NyTW COBEPLUEHCTBOBAHUA METOAOB pacyeTa B
TPagMLIMOHHOM NPOYHOCTHOM MPOEKTUPOBaHUA

HekoTopble napameTpbl U3 pacyeTa Ha AONrOBEYHOCTb MOTYT OKasbiBaTh
BNMSIHUE HA  Npouecc  MPOYHOCTHOrO  MPOEKTUpoBaHWsA.  Takum
B3aMMOaKTUBHbIM BrnusHueM OyAeT, Hanpumep, YBENUYEHWE Pa3MepoB
MonepevHOro ceyeHnss OETOHHbIX 3NEMEHTOB, KOTOPOe  yBENuUYnBaeT
MOCTOSIHHYO Harpy3Ky Ha ropu3OHTanbHO PacronNOXeHHbIe 3NEMEHTbI, B CBOIO
ouepeib, YBenuunmBasa BO3AENCTBUE Harpy3ku Kak Ha ropusoHTanbHble, TakK 1
Ha BepTUKamnbHble 3nemeHTbl. [pu MCcNoNb3oBaHUM KOMBUHUPOBAHHOMO
MeToAa 3Ta haza MOXET OTCYTCTBOBATb.

7.4.8 lNepeHoc napameTpoB A0NrOBEYHOCTU B Onepaummn OKOHYaTeNbHOro
pacyeTa

MapameTpbl B NpoLecce NPOeKTUPOBaHNS AONrOBEYHOCTU (PUKCUPYIOT U
3aTeM NepPeHOCAT Ha CTaaUN OKOHYATENbHOrO NPOEKTMPOBAaHNA B PACHETLI NO
onpeaeneHuio OKOHYaTenbHbIX PasMepoB NONEPEYHOIO CEYEHNS SNEMEHTOB.

7.5 KoHeuHOe npoeKTupoBaHue

7.5.1 MeToA pasaensHoro NPOeKTUPOBaHNA

B meToae pasaensHOro NpoekTMpoBaHUA NPOYHOCTHOE NPOEKTUpOBaHUe
N MPOEKTUPOBaHNE AONTOBEYHOCTU BbIMOMHAKT pasfenbHo Apyr OT Apyra.
PesynbTaT TpPagWUMOHHOIO MPOYHOCTHOrO pacdeTa (thasa 1) — kputepun
obecneyeHnss NPOYHOCTHOW HAZEXHOCTU M MapameTpbl JKCnnyaTauuoHHON
NPUrogHOCTA, B TO BPEMSA Kak B MPOLIECCE NPOEKTUPOBAHNA LONTOBEYHOCTU
(dasa 2) nonyyaroT napameTpbl 4oNrose4HocT. O6e 3Tu rpynnbl NapaMeTpos
3aTeM 06bEeAVHAIOT B OKOHYATENbHOM NPOEKTUPOBAHUM KOHCTPYKLIMK.

B 0Bbl4HbIX YCNOBUSIX BO3MOXHYH B3aMMOCBSA3b MEXZy napameTpamu
MPOYHOCTHOrO  MPOEKTUPOBaHUS U MapamMeTpaMu  MPOEKTMPOBaHUS
JOMroBEYHOCTU He yuuTbiBalwwT. OfHakO B HEKOTOPbIX Cnydvasx 3JTa
B3aMMO3aBUCUMOCTb  MOXET  Cyl|ecTBOBaTb, W TOrAa  BO3HUKAET
HeoBXoAMMOCTb B YBSA3bIBAHUW NapamMeTPOB NMPOYHOCTHBIX PAcCYETOB, O YeEM
rosoputcs B 7.2.2. [10BONMbHO 4acTO BCTPEMalOLUMINCA Cryvai COCTOUT B
BO3pacTaHUM MpOYHOCTU GeToHa CO BPEMEHEM, 4YTO, B CBOK Ouepesb,
OKasblBaET BMNSAHNE HA HECYLLYH CMOCOBHOCTb U MOXET CHUXaTb pasMepbl
NONEPEYHOro CeYEHNS MEMEHTOB, OCOOEHHO CXaTbIX.

MpeanonaraeTcs, 4TO pasMepbl NONEPEYHbIX CEUYEHWI, NOSTYYEHHbIE NPU
TPaAVLMOHHOM  MPOEKTUPOBAHUW,  MPEACTaBnAwT  coboi  pasmepsl,
HeobxopMbIe K KOHLY cpoka cnyxBbl. Takum o6pasom, 3T pasMepbl 4OMKHbI
ObiTb yBENUYEHbI HA 3HAYEHUs, COOTBETCTBYIOLUME TMYOUHE paspyLUEHWs U
KOPPO3UKW 3a NEPUOA CPOKa CIyXObl.
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FnybuHy paspyleHns MNOBEPXHOCTHOrO cnos 6eToHa CyMMUpYHOT C
KOHCTPYKTMBHBIMMW pasmepamu, NoyYeHHbIMA B  TPaaWLUMOHHOM
npoeKkTMpoBaHun. Ecnu  BO3JENCTBUIO  JerpajaumoHHbiX  hakTopoB
NMOABEPralnTCA ABE NPOTUBOMNONOXHBIE CTOPOHbBI KOHCTPYKLMKM, pasmepb,
nony4eHHble NPy TPaANLMOHHOM pacyeTe, YBENUUMBAIOT Ha ABONHYIO rMyOuHy
paspyweHusa. OKOHYaTeNbHbIA pasMep MOonyqaroT MyTEeM OKPYrfieHus B
60onbLLy0 CTOPOHY.

OvameTpbl apMaTypHbiX CTEepPXXHEW, MNOMyYeHHble U3 MPOYHOCTHOrO
pacyeTa KOHCTPYKUMK, YBENUUUBAKOT Ha ABOWHYIO rMyGUHY KOppO3uvW.
OKoHYaTenNbHbIA AUaMETP NONyYaloT NyTeM OKPYrneHUs B 6OMbLLYI0 CTOPOHY,
yuuTbIBas Npu 3TOM ANAMETPbI CTaHAAPTOB Ha Npokar.

MpoBepka BenUYUHBI M (OTHOCUTESIBHOE YMEHbLUEHUE pasMepoB Nons
6esonacHocTu 3a Bpemsi oT 0 A0 fy) He TpebyeTcs.

7.5.2 MeToa KOMOGUMHUPOBAHHOIO MPOEKTUPOBAHUS

B meTtose KOMOWHMPOBAHHOIO NPOEKTUPOBAHUSA MNPOYHOCTHOW pacyeT
BbINOMHAKOT 3aHOBO, MPUHUMAs BO BHUMAHWE pesynbTaTbl pacyeTa
LONroBEYHOCTU 1 TpeByemyto cTeneHb 6€30nacHOCTM K KOHLY cpoka cnyxObl.

KomMBWHMpOBaHHbIN MeTog OCOOeHHO yaobeH Ans Tex MEexXaHU3MOB
Aerpagaumm, KoTopble HEMOCPEACTBEHHO BIIMSIIOT HA HECYLLYIO CNOCOBHOCTL
WU Ha 3KCMyaTauMOHHYI0 MPUIOAHOCTb KOHCTpyKuwi. Kpome ToOro, B
HEKOTOPbIX Cryvasx 3TOT METOA MO3BONSET NPUMEHATb  MeHbLuve
KO3(pMLMEHTBI HAZEXKHOCTM MO CPOKY Cry>Obl YeM T, KOTOpPbIE UCTIOSNL3YIOT
B METOLE Pa3fernbHOro NPOEKTUPOBAHMWSA, MOCKOMbKY 3HAYEHME M AOSMKHO
NPOBEPSITECS NOCre OKOHYaHWA pacyeToB. [Ana knacca 6esonacHocTn 2
(kpuTMYeckoe cocTosiHMe) Tpebyembli KkoadpdpuumeHT 6e3onacHOCTM no
OKOHYaHWM cpoka cnyx6bl MOXeT ObITb HEMHOrO MEHbLUMM, Yem npu
TpaaMUMOHHOM MPOEKTUPOBAHUN.

OCHOBHblE MOKasaTeNW KOHCTPYKUMIA — WX pasMepbl U MNPOYHOCTHbIE
XapaKTepUCTUKM MaTepuanos, MMEHHO MO HUM MPOBEPSIOT BbINOMHEHWE
cnepyioLero ycrnosus:

Ra(ts) — Sq(ta) 20, (7.12)

rae Rq(ts) — pacueTHas HeCyLwas CrnoCoBHOCTb KOHCTPYKLIMU K KOHLY
pacyeTHOro cpoka cnyxosbl,
Sa(ts) — pacyeTHas Harpyska Ha KOHCTPYKLUMIO K KOHLlY Pac4e€THOro CpoKa
cnyxoObl.

3HaueHus k0ahpULMEHTOB HaAAEXKHOCTM NO Marepuany U rno Harpyske
3aBuCAT OT knacca 6esonacHocTu. Ans knacca 6esonacHoctn 1 (8 = 3,8)
3HaYeHNA KO3hMLIMEHTOB HAAEXKHOCTU MO MaTepuarny 1 no Harpyske Takve
e, YTo U B TPaAMLMOHHOM npoekTuposaHuu. [ins knacca 6esonacHoctn 2 (B =
3,1) npumeHsIoT cneayowme KoadOULNEHTbI HaLEXKHOCTH:

Yo=1.3;
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Yo = 1,38;

Yc = 1,4,

Ys = 1,13.

OkoHuaTenbHble  pasmepbl MOryT ObiTb  fierko  MofyYeHbl ¢
UCnonb3oBaHneM Mobbix pacHeTHbIX NporpamMm.

Mocne pelleHUa 3agayn Mo OMPEAEneHuio PasMepoB MOMepPeyHoro
CEYEHNS  3NEMEHTOB  KOHCTPYKUMW UM MPOYHOCTHBIX  XapaKTepUCTUK
MaTepuanoB HYXHO BbINONHUTL CReayloLme nNpoBepkW. YCnosue Ha
OorpaHWYeHne BenuunHbl M (OTHOCUTESNbHOE CHWKEHWE pasMepoB MONst
6e3onacHocTu 3a nepuop, oT 0 A0 f4) BIMMAAUT cneayowmm obpasom

m=2c9m<q 7. (7.13)
<)

B ypasHeHuu (7.13) © npepcrasnseT coboun none 6e3onacHOCTU (pasHoe
R — S), kOTOpOe onpefensitoT Mo HOPMAaTUBHbIM 3HAYEHUSAM Harpy3ok u
MPOYHOCTHBIX XapakTepucTuk marepuanos. WHaekc 0 oTHOCUTCA K
HauanbHOMY COCTOSIHMIO KOHCTPYKLMW, @ M K KOHEYHOMY COCTOSHWMIO NO
MPOLLECTBUM PaCYETHOrO nepuoga BpemeHn ti. O, onpeaenstoT no
OKOHYaTenbHOMY NPOYHOCTHOMY pacyeTy, HasHayasa Ko3IPPULMEHTDI
HaleXXHOCTU MO Harpyske U No marepwvany, pasHbiMu 1. @ Takke nonyyeHa
nyTem NOACTAHOBKU y:, paBHOro 0. PacueThbl Nerko BbiNOMHAKTCS B TAONMYHON
copme (CM. npumeps! B 7.6).

Ecnn m Gonbwe 0,7, To Tpebyemas HafeXHOCTb, NO-BAAUMOMY, He
obecneyeHa, NOCKONbKY NPUHATBIA B pacyeTax KoahuUNEHT HageXHOCTH Mo
CpPOKY cnyx0Obl Okasancs ChULIKOM MarnbiM Afs peanbHOW BenuuuHbl m.
Bo3MOXHO Takke, 4UTO MNPOYHOCTb  3AMPOEKTUPOBAHHON  KOHCTPYKLMK
nonyynnace HaMHOro OornblUed, YeM B COOTBETCTBYHLLUEM TPagWLMOHHOM
NMPOYHOCTHOM pacueTe.

[ns Bo3BpaLleHns B dhasy 2 C Lenbio BHECEHNA U3MEHEHWI B pe3ynbTaThbl
pacyeTa Ha [ONTOBEYHOCTb MOXET OKasaTbCs HEOOXOLMMbIM YAEpXKUBaTb
3HauyeHne m 6onee HW3kUM, 4Yem Tpebyetcsa. [MpPOEKTUPOBLUMKY MOXET
NoHagobuTbCA OTBETUTb Ha BONPOC, HEe WMEETCH Kakoro-nvbo cnocoba
CHMU3NTb CKOPOCTb perpagaumu unum Kak-nmbo MHa4e M3MEHUTb OCHOBHbIE
npeanochbinku pacdeTa. Ecnv 31O HEBO3MOXHO, TO NPOrHO3UPYEeMbIA CPOK
cnyx0bl  KOHCTPYKUMW MOXET OKasaTbCsd He peanuCTU4HbIM  Ans
npegnonaraemMbiX YCNOBWIA OKpYXarowwerh cpepbl, B MNOAOGHbIX crydasx
cnepyeT paccMmaTpuvBaTb BO3MOXHOCTb CHVDKEHUSI BEMUYMHBI  3a4aHHOTO
cpoka cry0bl.

Ecnn B OKOH4YaTeNbHOM pacyeTe MNPUMEHEHbI MOHWKEHHbIE 3HAaYEHMS
KO3(hPpULMEHTOB HAZEXHOCTU MO Martepuany U No Harpyske, TO cneayer
BbIMONHATE MPOBEPKY Ha TO, YTO pasmepbl nonsa 6esonacHocTn Op N HecyLwas
CNOCOBHOCTb Ro (B HaYarbHbIN Nepuog aKCcrnnyataumn) He MEHbLUE 3TUX XKe
BEMWYUH, NOMYYEHHbIX B TPagWLUMOHHOM MPOYHOCTHOM pacyeTte. Ecnu 3To
YCNOBME HEe BbINONHEHO, TO pasmepbl, MNOMyYeHHble B TPaAULMOHHOM
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NMPOYHOCTHOM  pacyeTe, aABNaAlTCA onpegensiiowmmn.  OKOHYaTenbHas
HagEeXHOCTb COOPYXEHUA HUKOrAa He pJomkHa ObiTb MeHbLUen Tou
HaAEXHOCTW, NONMYYEHHON U3 TPAANLIMOHHOIO MPOYHOCTHOrO pacyeTa.

7.6 Mpumepbl NpoeKTUpOBaHUA

7.6.1 KonoHHa

(a) MocTraHoBKa 3a8a4n NPOEKTUPOBaHUS

OnpeaennTb pasmepbl KOMOHHbI, HaxoAsLencs noa BO3AENCTBUEM
CNeayoLmxX Harpysok:

Fy= 1000 kH (nocTosiHHasa Harpyska);

Fp = 3000 kH (nepemeHHasn Harpyska).

B kBagpaTHOM NonepeyYHoOM CevYeHun (CO CTOPOHOW KBagpaTta b) no yrnam
YyCTaHOBMNEHbl YeTbipe apmaTypHbiX CTepHA pauameTpom D. [pepen
TekyyecTu cranu (fy) = 400 MMa.

MpegnonaraeTcs, YTO B NpoLecce aKcnnyaTaumum KONOHHbI MEPONPUATUS
Mo YXOAY W COAEPXaHWIO He MNPOBOAATCA, MOSTOMY Hanuuue KOppo3uv
apmMaTypHbIX CTEPXHEN B 30HAX MPOrHO3UPYEMbIX TPELLMH UNWN paspyLueHue
sawuTHOro cnos GeToHa He [OmKHBI ckasatbCa Ha obecneveHum
NOJIHOLEHHOrO MCMNONb30BaHNA KOMOHHbI Ha MPOTSXXEHUM BCEro Cpoka ee
cnyx0bl. [0 ncteuyeHnn cpoka cnyxObl KOCBEHHaA apmaTypa (XOMyTbl) B 30He
TPEWmnH He pomkHa OblTb MOMHOCTBIO YHUYTOXEeHa. OcTaBLUMCS nocne
OKOHYaHWs cpoka crnyxObl 3aWMTHBIA CroN 6eToHa AOMKeH BbiTb TONLMHOK
He mMeHee 20 MM, a OTCNOEHUe, Bbi3BaHHOE OOLUEe KOPpPO3UeN KOCBEHHOM
apmaTypbl, LOMKHO NONHOCTLIO OTCYTCTBOBATD.

(b) TpaanuMoHHOE NPOYHOCTHOE NPOEKTUPOBaHWE

TpaAuLMOHHbBIA pacyeT KONOHHBI BeeM, Nomnb3yack hopMmynamu, rae

Rs= Sq (7.14)
Sa =Yg Fg+ VYo Fp, (7.15)
a
=Bl 4 Asfy
Ry=2ee+2 (7.16)

Mnowaan nonepeyHoro ceveHnsa 6eToHa n ctann Ac u As onpegensoT
no dopmynam:

A = bZ (7.17)

2
= (7.18)
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HasHauas D = 15 mm, U3 ypaBHeHua (7.18) nonyumm As = 707 mm?. U3
ycnosus (7.14) Haxoaum

Ac = 210155 mm>.

M3 ypasHeHus (7.17) onpeaensiem b = 453 mMm.

Takum o6pasom, nomnyyeHbl NpeaBapuTenbHble pasmepbl No 6eToHy ©
apmartype.

3aganHbIi Cpok cnyx®bl KOMOHHbI paBeH 50 rogam. KosdhuuueHT
HaAeXHOCTU NO Cpoky cnyxObl paseH 3,3 AnNA MeToAa pasfenbHOro
NpoeKTpoBaHus U 2,5 ans MetToga KOMOMHVWPOBAHHOIO MPOEKTUPOBaHWA
cpoka cny>xObl. Takum oBpasom, pacyETHBIN CPOK Cy>kObl paBeH

ts = 3,3 x 50 = 165 neT (anNA METOAA Pa3LENbHOIO NPOEKTUPOBAHWS)

ts = 2,5 x 50 = 125 neT (ans KOMOMHNPOBAHHOrO METOAA).

MpepnonaraeTcs, YTO KOMOHHA YacTUYHO MOrpyXXeHa B NPecHylo BOAY,
KOoTOopas 3amep3aer 3umon. Takum obpasoMm, rmybuHy paspyLueHus
NMOBEPXHOCTHOrO ¢nos BeToHa ¢’ onpefensioT no dopmyne (cMm. 9.2):

c' = CenchurCagea_OJ(fck + 8)_1’41'. (7.19)

B oaton copmyne B kayecTBe MapameTpoB MPUHATHI crnegyowme
BEJINYMHDI:

Conv (hakTop BO3LENCTBUSA OKpYXatoLLen cpeabl) = 80:

Ceur (hakTOp TEXHONOMMM Habopa NPOYHOCTN) = 1;

Cage (dpakTop Bo3pacta) = 1;

a (thakTop, oTpakaroLLMn coaepxaHue Bo3ayxa, %) = 4;

fex (HOpMaTUBHAS NPOYHOCTL BETOHA Ha CxaTve, Mla) = 40.

MNoacraensign 3TM 3HayeHUs1 B ypaBHeHue (7.19), nony4yaem TOnLMHY
Aerpagaunm noBepxHOCTHOro cnosi 6eToHa

c= 0,135t mm.

FnyBuHa Koppo3uK CTanbHbIX CTEPXHEN B 30HE TpeLumH: d'= 0,03f mm.

B 3aBnCyMOCTM OT pacyeTHOro cpoka cnyx©bl nonyyaem cnepylowme
napameTpbl MPOEKTUPOBAHUSA AONTOBEYHOCTU.

MeTogn pasaenbHoro npoekruposaHus (t= 165 ner)

my6buHa paspyLieHus 6eToHa

c'= 0,135 x 165 = 22,3 MM.

MuHUManbHas TONWMHA 3aWUTHOIO Cnost Cmin = 20 + 22,3 = 43 Mm.

MpuHumaem C = 45 mm.

Fmy6uHa Koppo3un CTarnbHbIX CTEPXHEW B 30He TpelumH d= 0,03 x 165 =
5,0 Mm.

CTeprkHM KOCBEHHOWM apmaTypbl HE JOMKHBI MCHE3HYTh MO/, BO3,ENCTBMEM
KOppo3uu. Toraa MUHUMAnbHBIA AUAMETP CTEPXKHEW KOCBEHHOW apmartypbl
paBeH

D min= 2%5,0 = 10 mMm.
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HasHauvaem Dy = 10 mm.

MeTtoa kOMBUHUPOBAHHOIO NPOeKTUPOBaHUA (fy = 125 neTt)

¢'=0,135 x 125 = 16,9 MM, Cmin = 20 + 16,9 = 37 mm.

MpuHumaem C = 40 mm.

d'=0,03 x125=3,8 MM Dpmin =2 % 3,8 = 8 MM.

MpuHumaem Dy = 10 mm.

Hawm eLie HeoBx04MMO BbINOMHUTE NPOBEPKY Ha OBLLYH KOPPO3UIO C yxXe
MONyYeHHbIMA  3HAYEHUAMM TOMLWMHbI  3aLUMTHOMO Cnosi M AUaMeTpoB
apmaTypHbIX cTepxkHein. MNpeanonaraem, YTo COAEPXaHUE XIOPUAOB B BOAE
HaCTONBKO HE3HAUYNTENBHO, YTO XIOPUAHAsA Koppo3ust He npoTekaeT. OgHako
apmaTypa B BEpXHEl YacTu CTOMKM MOXET MOABEPratbCsl KOpposuu n3-3a
kapBoHu3auuu.

Onpepensiollas apmartypa B npouecce obLen KOppo3un — KOCBEHHas
apmatypa. Takum oOpasom, AN pacyeTa KOCBEHHOW apmaTypbl (guameTp
BETBU CMMpanu BblYATaEM U3 TOMLLUMHBI 3aALLMTHOTO CNosi paboven apmaTypbl)
npumMmeHsiem ypasHeHusa (9.20) n (9.29) (cm. 9.5):

ch

_— 7.20
(Csnvcaira(fck+3)b )2 ( )

)=

roe Ch— TOnwmHa 3awmTHoro cnost cnupanu (Cp = C — Dp),

Dy — pnameTp ofHON BETBM CiMpany,

Conv — KO3 PULMEHT BO3LENCTBUSA OKpyxatoLen cpeabl (Cenv =1),

Cair — kO3(bUUMEHT Bo3ayxocogepxarnus (Cair = 0,7),

r — CKOPOCTb KOPpO3uUM CTanu 4o TpewmHooOpasoBaHma (~12 MKM/roa).

B pesynbtate nonyyaem p(fy) = 431 rog ana metoga pasaenbHoOro
NPOEKTUPOBaHUS, YTO Bonblue pacyeTHoro cpoka cnyxodbl (165 net). Ana
KOMBVHMPOBaAHHOrO METOAa NPOEKTMPOBaHMSA Mbl Nonyyum 322 roga, 4To
TaKKke NpeBbilLaeT pacyeTHbI Cpok cnyx6bl (125 net). Takum obpasom,
MPUHATBIE TOMNLLMHBI 3aLLMTHOMO CIOSA NPUEMITEMBI.

(e) OkOHUaTEnNbHOE NPOEKTUPOBaHME

MeToa pasaenbHOro NpoekTMpoBaHus

AnvHa CTOpOHbI MOMNEpPeYHOro CEYEHUsI KOMOHHbI B HauanbHbIA nepuog
AKCnnyaTauum onpefereHa kak Cymma YABOEHHOW rmyOuHbl Aerpajauum
NMOBEPXHOCTHOro crnosi 6eToHa U ANWHbI, ONpeAeneHHon U3 TPaauLUMOHHOIO
pacyeTta (dasa 1):

bo=b+2c =458 MM+ 2 x 22,3 mm = 503 Mm.

AvameTp crepxxHen pabouern apmaTtypbl onpejensieMm Takum Xe nyTem:

Domin =15 MM + 2 x 5,0 mm = 25,0 mm.

Mockonbky  3HadYeHWe  pacyeTHOro  AuWameTpa  COOTBETCTBYET
HOPMaTUBHOMY JOKYMEHTY Ha NpokaT, NnpuHumaem 25 mm.

MpumeuaHne — Tpebyemylo TOMWMHY 3aWMTHOrO cnoa Cmin U AAMHY CTOPOHbI
MOMEPEYHOTO CEYEHUS CTOVKM bo MOXHO YMEHBLUWTb 3@ CHET MOBbLILEHNS MPOYHOCTU
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GeToHa Ha cxartue. [ing fox = 50 MIMa MUHUMaNbHasa TonumHa 3aLMTHOrO criosi GeToHa
Oynet paBHa 37 MM, a CTOPOHa NOMNEPEYHOro CEYEHUS CTONKU — 444 MM.

MeTon KOMBUHVPOBAHHOIO NPOEKTUPOBAHWS

Mpu pabote C KOMOWHUPOBAHHLIM METOAOM TEOMETPUYECKUE
XapaKTepUCTUKN CeUYEHWNs1 KOMOHHLI NMPU ¢ = t; onpeaensioT no dopmynam
MPOYHOCTHOTO NPOEKTUPOBAHMS:

Ra(ts) = S, (7.21)
rae

Sa= YoF gt VoFp; (7.22)

Rt =Ac(ta) 2 +As(t) :—y (7.23)

Mnowaam nonepeyHoro ceveHns 6eToHa u cranu Ac u As onpeaensioT no
dopmynam:

Ac(ts)=(bo-2C"(ts)) (7.24)

As(ta)= (7.25)

4m(Dg-2d't))°
4

M3 ypasHeHus (7.27) npu Do= 25 MM nonyunm As(ts) = 962 Mm>.

Mpn BbINONHEHWM YyCrnoBUA YypaBHeHWs (7.23) nonyvaem Aqty) =
206826 MM?.

W3 ypaBHeHus (7.26) nonyyaem

(bo— 2%16.9)? = 206826 MM?, UTO AaET bg = 489 MMm.

B cnepytowem cronbue nyTem MOACTAHOBKU Vg = VYp = Ve = Vs = 1
onpeaensieMm none GesonacHOCTM Om = Rk — Sk, COOTBETCTBYHLLUEE YXe
NONYYEHHOMY PEeLLEHMIO:

Om = 4658 kH.

Hanee, nogcraenasa y: = 0, nonyunm o, NpeacTasnsoLwee cobon rnone
6e3onacHOCTV B Hayane akcnnyaTtauum (t =0):

O = 6332 kH.

OTHocuTenbHoe yMeHbLLeHe R— S (= m)

m = (Op— On)/ Bp = 0,264, UTO MeHbLUe 0,7.

CtopoHa  KBagpaTHOrO  MOMEPEYHOr0  CEYEHUs]  KOMOHHbI K3
KOMBOVHMPOBAHHOrO pacyeTa HEMHOTO MEHbLUE, YeM 3Ta Xe BenuuuHa M3
METOAA pa3sfenbHOro NPOEKTUPOBaHUS.

7.6.2 banka
MocTaHoBKa 3aga4n NPOEKTUPOBAHUS
3anpoekTuposatb 6anky nog Cnefyowme Harpysku:
My =10+ 0,1d kHm (d, mm),
Mp = 50 kHwm.
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MNpegnonaraem, 4to Banka MMEeT NPSIMOYrofibHOE MOMNEPEYHOE CEYEHNE
wuprHon b (=300 mm) u pabouyto BbICOTY d. B HuxHein 3oHe Oanku
pacnonoxeHbl TpK apMmatypHble cTepxxHs. [Npegen Tekyyectun ctany 400 MMa.
HopmaTtueHasa npovHocTb 6eToHa Ha cxatue 40 MlMa, BosgyxocoaepaHne
2 % (6e3 BO34YyXOBOBEYEHWS), BAXYLLEE — MOPTNAHALEMEHT.

MpepnonaraeTcs, YTO B NPOLECCe aKCnyaTaumu 6ankm MeponpusiTus no
yXOA4y W COAEPXaHWI He MPOBOASATCH, MO3STOMY Hanudine Kopposuu
apmaTypHbIX CTEPXXHEW B 30HAX MPOrHO3MPYyEMbIX TPELUUH UK paspyLUeHne
3awmTHoro cnosi GeToHa He JOMKHO ckasatbcsa Ha ofecnedeHuu
MOSIHOLIEHHOrO  UCMOMb30BaHUA ©Garnku Ha NPOTSKEHWM BCEro Cpoka ee
cnyx6bl. MNnowasb nonepeyHoro Ce4YeHnst KOCBEHHOW apMaTypbl (XOMYTOB) HE
JOMKHA MONHOCTBI0O WCYE3HYTb B pesyfibTaTe KOppo3Mn B 30HE TPELUWH.
TonwmHa OCTaBLLErocs MOCNE OKOHYaHWUSA Cpoka ChyxObl 3aLUMTHOrO Crost
6eToHa pgormkHa 6biTb He MeHee 20 MM, a OTCNOEHWE, Bbl3BaHHOe ofLuen
KOppO3Men KOCBEHHON apMaTypbl, AOMKHO NOMHOCTLIO OTCYTCTBOBATD.

TpaguUMOHHOE  MPOYHOCTHOE  NPOEKTUPOBaHWE  NPOBOAUTCA B
COOTBETCTBUM C OOLLENPUHATBIMW NPOEKTHBIMW MPUHLIMNAMNA:

Ro2 Sy, (7.26)
Sa = YgMg + yoMp, (7.27)
Rys=AsZ ;—y - (onpepensioLLee — HanNpPsXXeHWe B cTanm); (7.28)
Rdc=bxz§ - (onpegensioLee — HanpskeHne B 6eTOHe); (7.29)
_ 5 12
x=dun [1+ (1+2) / (7.30)
z=d-0,4x; (7.31)
_Es.
n=g
=4, (7.32)

As — nnoLuagb NonepeyHoro CeYEHUs apMaTypHbIX CTEPXHEN onpeaensiioT
no copmyne

D2
As=3777- (733)

MpuHumas 0 = 15 Mm, nonydaem As = 530 MM
MNopcraBnsas Rus, paBHoe Sy, nonydaem d = 2083 MM.
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OpHako yBenuueHne AuameTpa apmaTypHblX CTEpXHeid BeaeT K
ObICTPOMY YMEHbLLEHWNIO paboyei BbiCOThbl ceyeHusi. HasHadyas D paBHbiM 20
MM, NoNyunm As = 942 mm?, d = 543 M.

3apaHHbI cpok cnyBbl 50 neT. KoadduuneHT HagexHOCTU No CPoKy
cnyx6bl ANs pasgenbHOro MeTofa MNpoeKTMpoBaHust paseH 3,3, a ans
KOMOMHMPOBAHHOrO MeToAa MNPOeKTUpoBaHua — 2,5, Takum oBpasom,
pacYeTHbIN CPOK CnyObl fy 4R pasfenbHOro MetToga paseH 165 rogam n 125
roaam Anst KOMOGMHMPOBAHHOIO METOAA.

Mpeanonaraem, 4TO BCE CTOPOHbI Banku nopBeprawTcA BO3AEWCTBUIO
oTpyLaTenbHbIX TeMnepatyp. PakTop BO3AENCTBUA OKpYXatoLen cpeabl npu
3amopaxvBaHun — Ceny = 40, @ NPOrHO3NpyemMoe Bpemsi TBepLeHNs 6eToHa —
3 aHs.

dakTop TexHonorMm Habopa NPOYHOCTM (CM. ypaBHeHwue (8.4), 8.2.2)

— 1 —
Cour™ 5 a5v0, e =1,074. (7.34)

Mockonbky 6eTOH NPUrOTOBRNEH Ha MOPTNAHALEMEHTE, 3aKNoYaeM 4To
Cage =1

MNopcTaenas aTu 3HaveHus B oopmyny (7.19), nonyyaem

¢'=0,117t, MMm. (7.35)

B To e Bpemsa, B apMaTypHbIX CTEPXHAX B 30HE TPELUMH BO3HMKaET
koppo3usi. CKOPOCTb PacnpOCTPaHEHUA KOPPO3WM oOueHeHa pasHoi 0,03
MM/TOg;:

d'= 0,03t Mm. (7.36)

MapameTpbl NPOEKTUPOBAHUS [ONTOBEYHOCTU MPUBEAEHbI HWxe (B
3aBUCUMOCTM OT PaCYETHOrO Cpoka Cny>obl).

MeToa pasaenbHoro NpoekTnpoBaHus (fs = 165 ner)

Fmy6uHa paspyLleHUs NOBEPXHOCTHOTO crnosi ¢'= 0,117x165 = 19,3 Mm

Tpebyeman TonwmHa 3aUTHOrO ¢nost 6eToHa Crmin = 20 + 19,3 = 39,3 Mm.

MpuHumaem C = 40 mm.

Fny6uHa koppo3un B 30He TpeLyH d’' = 0.03 x 165 = 5.0 mm.

OunameTp XOMyTOB He J0MKeEH BbITb MeHbLUE Dy min = 2 X 5,0 MM = 10,0
MM.

MpuHumaem Dy = 10 Mm.

KomBuHUpoBaHHbIA MeToa (fy = 125 net)

¢'=0,117 x125 = 14,6 MM Ciin = 20+14,6 MM = 34,6 mM. MpuHumaem C =
35m;

d'=0,03 x 125 = 3,75 MM Dpmin = 2 x 3,75 Mmm = 7,5 mm. MpuHumaem Dy =
10 Mm.
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Tenepb, NpUMeHAs ypasHeHue (8.22), onpegensieM Bpems MoABneHus
TpELMH B 3awmTHOM cnoe GeTtoHa. [na aToro B ¢popmyny noacTaBnsem
clnepyroLme 3HaueHNsl NapaMeTpoB:

C = 40 mm (MeTog pasfenbHOro MPOEKTUpoBaHusA) unu 35 MM
(kOMBMHUPOBAHHLIA METOZ, MPOEKTUPOBAaHUS)

Ch=C=Dp—-C-10 mm;

fox= 40 Mna;

Conv = 1;

Cair=1,

Dp =10 MM

r=12 MKkm.

Mo meToay pasaenbHOro NPOeKTMPOBaHUS Mbl nonydaem (t) = 165 ner,
YTO PABHO Pac4yEeTHOMY CPOKy crnyxObl (165 net). Takum o6pasom, TonwmHa
sawmTHOro cnos 40 MM sBnSeTcs focrtatodHon. Mo metogy pasaenbHoro
NPOEKTUPOBaHUA Mbl nonyyaem u(tc)=117 neT, 4TO MeHbLUE pac4ETHOro Cpoka
cnyx6bl (125 net). MNo03TOMy TOMNLLMHY 3aLMTHOMO Crosi yBenu4yuBaem ¢ 35 go
40 mMm. Tenepb pacyeTHbIn Cpok crnyxObl pa3eH 165 rogam, nocraBneHHas
3a7,a4a BbIMOSHAETCS.

OkoHYyaTenbHoe NPoeKTMpoBaHne

MeToa pasaenbHOro NpoeKTMpoBaHuns

LvpuHa Gankv B HavanbHbIA NEPUOL 3KChylyaTauuum paBHa Cymme
YABOEHHOIo 3HayeHus rnybuHbl ferpasaumm noBepxHOCTHOro cnosi 6eToHa 1
LUMPWUHBI Barnku, NoMny4eHHoro U3 TPaAULIMOHHOTO pacyeTa:

bo=b +2b'=300 +2x19.3 = 339 MM.

Pabouyto BbiCOTy Banku yBenuunsaem Ha rnybuHbl gerpagauum:

do=d + b =543 + 19,3 Mm = 562 mMM. MUHUManbHbLIA gnuameTp
apmMaTypHbIX CTepxHein paBeH Domin = 20 + 2 x 5,0 mm = 30,0 mm. MNprHMMaem
Do =30 mm.

KomBMHMpOBaHHbIN METOA NPOEKTUPOBaHUA

Onpepensiem reomeTpuyeckne XapakTepuCTUKM BegeM Mo cregytoLei
dopmyne

Ru(ts) = Sy, (7.37)
rae
Sa = YoMy + YoM, (7.38)
a 3a Ry NPUHUMAEEM MEHBLLIYIO M3 CNEAYHOLUMNX BEMNYMH;
f,
Ras=As(t)2(ts) - (7.39)
(onpepensiowme — HaNPHKEHUA B CTanm) u

Ras=b(ta)X(t)2(ts) 3= (7.40)
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(onpeAensioLLMe — HanpsHKeHUs B BETOHE)

1,2
xt=dautan (1+ (145) ) (7.41)
2(ts) = d(ts) — 0.4x(ts); (7.42)

peEs.

E;
Asty) __ Nst(Do-d'Cta)f14 7.43)

IJ(td)= bity)ddts) B (bo-2¢'(ty) )(do-c'ta)]

As — MNnowagb MonepedyHoro CeuveHUs apmatypel OnpesensieTcs no
dopmyne:

RV
Ay (t)= 220D (7.44)

Mpu Do = 28 mm 1 d'(ty) = 3,75 nony4yaem

As(ts) = 990 mMm2.

PaGouyk BbicOTy Banku do Tenepb onpeaensem nyTeM npupaBHUBaHUs
MEeHbLLIEN U3 3HAYEHWU Ry, it Rae k Sa npu t = fa. OTKyAa nonyyaem Res = Sy
=>dp=531 Mm.

LWnpuHa Ganku paBHa 300 MM, a TONLLMHA 3aLUMTHOrO cros Ans paboyen
apmaTtypbl — 40 Mm.

Pa6ouyast BbicoTa Ganku okasanacb HEMHOTO MEHBLLEN, YEM MPU pacyeTe
no MeTOZY pasAenbHOro npoekTupoBaHWsA. OTHOCUTENbHOE YMEHbLLEHWe
nons 6esonacHocTy (m = 0,693) He NpeBbILLIAeT yCTaHOBMEHHbIN npegen —0,7.

MeToa KOMOWMHMPOBAHHOIO MPOEKTUPOBaHWA ANs BTOPOro Knacca
6esonacHocTn

Ona BTOporo knacca 6e30nacHOCTM  (KPUTUYECKOE  COCTOSIHWE)
NPOEKTUPOBAHNE JONTOBEYHOCTU KOHCTPYKLMN NPOBOAAT NpU y: = 2,2 U npn
MOHWKEHHbIX 3HAYEHUsX KO3MMUUMEHTOB HAAEXHOCTU NO Harpyske u
matepuany (cMm. 6.3.4). Paboyas sbicoTa 6anku paBHa 414 MM, YTO SIBHO
MEHbLLE COOTBETCTBYIOLLUEN BEMWYUHBI NMPW pacyeTe MNo NepBoMy Knaccy
6e3onacHoctu (513 Mm); 35 MM AOCTATOYHO AN TOMLWMHBI 3aLUTHOrO Crnosi
6eToHa. OTHOCUTENbHOE YMeHbLUeHMe O = 0,681, 4yTo MeHbLue 0,7.

B Tom cnyyae, Korga nNPUMEHSIIOT  MOHWXKEHHblIE  3HAYEeHUs
KO3(hDULIMEHTOB HAAEXHOCTI NO Harpy3ke U matepuany, HeobxoguMo Kpome
BCEro NpoYero NpoBepPUTL BbIMOMTHEHNE YCNOBUS, UTO HECyLLas CnOCcOBHOCTbL
KOHCTPYKLUMM U 3Ha4yeHue nons 6e30nacHOCTH, YCTAHOBNEHHbIE npu
OKOHYaTENMbHOM MPOEKTUPOBAHUWN, HE MEHbLLIE COOTBETCTBYHOLLMX 3HAYEHWUIA,
Nony4eHHbIX NpY TPAAULMOHHOM NPOEKTUPOBAHWN.

Mpy NpoeKTUpOBaHNK JONTOBEYHOCTU:

Rn = 265 kHM 1 ©np = 163 kHm.

Mpu TpasMUMOHHOM NPOEKTUPOBaHWUM:
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Ro =186 kHM 1 ©¢ = 72 kHm.

B 3tOM cnyyae 3HaueHus kak Rn Tak U Op U3 NPOEKTUPOBaHWSA
JONroBeYHOCTM Oosiblie  3TUX  KE  3HAYEHUIA NpYU  TPagULMOHHOM
npoekTupoBaHui.  Takum  oBpasoMm,  onpejensiiowmmMM  OKasanucb
reOMETPUYECKNE  XapaKTEPUCTUKW, MOJSIyYEHHbIE MNPU  OKOHYATENbHOM
NPOEKTUPOBaHUM (MPOEKTUPOBAHNMW JONTOBEYHOCTH).

8 Moaenu JonroBe4yHoCcT!

8.1 Tunbl Mmogenen AONrOBEYHOCTH

8.1.1 Mogenu gerpagauun, paboTtbl U Cpoka Cryx0bl

8.1.1.1 [Ina npoBeAeHNs NPOEKTUPOBaHNA JONTOBEYHOCTUN KOHCTPYKUMN B
pacnopsKeHUn NPOEKTUPOBLUMKA AOMKHbI ObiTb MaTemMaTuyeckue Moaenu
pacyeTa [OMroBeYHOCTH, C MOMOLLBH KOTOPbIX OH MOr Obl OUEHWUTb
NPOUCXOAALLME BO BPEMEHUM W3MEHEHWA XapaKTepucTuK Marepuarnos U
KOHCTpYKUMIA. B cocTas 3Tux MoAenein BXOAAT Takne pacyeTHbIe napameTpbl
KaKk reoMmeTpuyeckue pasmepbl, CBOWCTBA Marepvanos, napamMeTpbl
BO3J,EMACTBUA OKpY>KatoLLen cpeabl U T. 4. KoHuenuus Moaenu AonroBe4YHoOCTU
OXxBaTbIBAET pasnuyHbIE TUMblI MOAENen, KoTopble Gonee noapo6Ho GyayT
PacCMOTPEHbI HUXE.

8.1.1.2 OerpagaumoHHbIMn mMoaenamu HasbIBaAKT CUCTEMbI
MaTeMaTUYeCKUX YPaBHEHWUW, KOTOpbIE OTPaXaKT POCT Jerpajauum BO
BPEMEHN (C BO3PaCTOM) W B MPOLECCe W3MEHEHUS COOTBETCTBYHLLMX
NPOEKTHLIX NapameTpoB. X MpUMEHSIIOT B NPOEKTUPOBaHNM AONTOBEYHOCTY,
Korga 3a npeaenbHOe COCTOSIHME MPUHUMAIOT MakCUMarnbHY0 Aerpagauuio.

8.1.1.3 [Jerpagaumio MOXHO WHTEPMNPETUPOBATb MHAYe KaK CHUXEHMWE
paboTOCNOCOBHOCTA KOHCTPYKUUKW. CUCTEMBI MaTeMaTUYECKUX YpPaBHEHWA,
KOTOPbIE UHTEPNPETUPYIOT CHIDKEHNE PabOTOCNOCOBHOCTU KOHCTPYKLMM Kak
PYHKLMIO BPEMEHU N COOTBETCTBYIOLLMX MPOEKTHBIX NapamMeTpoB, Ha3bIBalOT
mogensmu pabotbl. Mogenn paboTbl NPUMEHSIIOT B MPOEKTUPOBaHWUU
[ ONroBEYHOCTY, KOrAa 3a npejenbHoe COCTOHUE NPUHUMAKT MUHUMAMNbHYIO
paboTocnocoBHOCTD.

8.1.1.4 Cuctembl MaTeMaTUYECKNX YPaBHEHUIA, MPEACTaBMsAWME CPOK
cnyx0bl KOHCTPYKUMU Kak DYHKLMIO PasnUYHbIX MPOEKTHbIX MapameTpos,
Ha3blBaT MOAENAMW cpoka cnyxObl. YacTo ux MOXHO NOMny4YnTb U3
JerpajaumnoHHbiX MoAenen wunu Ku3 Moaenen paboTbl, €Cnu U3BECTHBI,
COOTBETCTBEHHO, MpefenbHble COCTOSHUSA MaKCUManbHOW Aerpagauun unu
MUHUMarnbHOW paboTocnocobHocTn. Mogenu cpoka cnyxGbl NPUMEHSIHOT
TOrga, Korpa 3ajada NpoekTvpoBaHWa OPMYIMPYETCA B COOTBETCTBUM C
NPYHLUMNOM Cpoka criy»Bbl (CMm. pasgen 4).

8.1.1.5 CyLlecTBYIOT MOAENM AONTOBEYHOCTU AN PasHbIX YPOBHEWN,
Hanpuvep, ANs MaTepuanos, AN OTAENbHBIX 3NIEMEHTOB KOHCTPYKLMK U ANS
LienbiX COOPY»eHWin. Bce oHM MoryT BbiTh MCMONb30BaHbl B NPOEKTUPOBAHUN
ponroeyHocTW.  KOHCTPYKTMBHbIE  YPOBHEBble  MOZenu,  NopobHble
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OMpefeneHnto  Hecyllen ChnocOGHOCTM, MPUMEHSIOT B MPOYHOCTHOM
npoekTupoBaHny. Wx OObIYHO CO3AAIT MyTEM BKIIOYEHUS  MOpenen
Aerpajauum MartepuanoB B OCHOBHblE pacyeTHble dopMysbl AN
MPOYHOCTHOTO MPOEKTUPOBAHMS.

8.1.2 leTepMNHUCTNYECKNE N BEPOATHOCTHbLIE MOLENN 40MTOBEYHOCTH

8.1.2.1 Mogenu OONroBeYHOCTH MOXHO paspenutb Ha
JETEPMUHUCTUYECKME 1N BEPOATHOCTHbIE (PUCYHOK 8.1). [leTepMuHucTudeckne
MOAEnn  [JOMroBeYHOCTUM  UCMONb3YHT  NpU  AETEPMUHUCTUUECKOM
MPOEKTUPOBAHMMN JOMTOBEYHOCTU, KOT4a He YYMThIBaOT pasbpoc gerpagaumm
(Mnn paboTOCNOCOBHOCTU, UK cpoka cnyoObl). MNpyu N3BECTHBIX 3HAYEHNUSIX
napameTpoB MOAENM MO3BONAIOT ONPEfennTb TOMbKO OfHY BENNYMHY
(aerpagaumio Unu paboTocnocoBHOCTb, UNU CPOK CnyxObl) KOTOpas 4acTo
OKasblBaeTcs cpenHen BEMUYNHON. B HEKOTOPbIX crnyyasx
AETEPMUHUCTUYECKWE MOZENM CO34alT ANs TOro, 4YToObl MNOMyYnTb HEe
cpefHee, a BEpXHEE UNU HWKHEE KBaHTUNBHOE 3HAYSHME.

a) & b) t
Pucynok 8.1 — [letepMuHucTUUecKas (a) u sepoatHocTHas (b) mogenn

8.1.2.2 Bo MHOIMX criyyasax nHopmaums, BblaaBaemas
AETePMUHUCTUUECKMMU MOAENAMMU, OKA3bIBAETCA HEAOCTATOYHON 41151 OLIEHKN
pucka TOro, 4TO COOpYXEHVWE HEe AOCTUIHET 33A4aHHOrO cpoka CrnyObl.
BeposiTHOCTHbIE MeToAbl MPOEKTMPOBaHWA paccMaTpuBaloTcA kak Gonee
nonHble, 0Co6eHHO B MPOYHOCTHOM MPOEKTUPOBAHUN KOHCTPYKLIUIA, NOCKONbKY
pa3bpoc, Bbi3blBaeMbI gerpagaumen, oObiMHO GbiBaeT GONbLUMM, U CTENeHb
pucka MOXET okasaTbCs 40BOSbHO BbICOKON.

8.1.2.3 lNpu ncnonb3oBaHUN BEPOSTHOCTHLIX MOAENEN AOMTOBEYHOCTU
KOHCTPYKLMIO MPOEKTUPYIOT C OBecrneyeHneM onpeaeneHHon MUHUManbHOM
HafleXkHOCTU NO 33JaHHOMY CpOKy cnyxObl. 3ajaHHbIA CPOK CnyxObl He
aBnaeTcs abCoNTHOM LIENbIO, KOTOPYIO HY>KHO AOCTUYb NGO LieHoW. HyxHO
obecrneunTb BbINOSIHEHWE Apyroro TpeboBaHWsA: BEPOSTHOCTb TOro, YTO
daKTMUECKUIA CPOK CITY>KObl COOPYKEHUSI MOXET OKasaTbCs Bonee KOpoTKUM,
YeM 3afaHHbIA CPOK CnyxObl, JOMKHA OblTb MEHbLUEW, YEM AOonyckaemas
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BEPOSATHOCTb paspyweHus. bnarogaps Takon nocTaHOBKE NpoGnembl
[OCTUraeTCs nydllee MOHUMaHWe MPUPOAbI MOHATUA «CPOK CRyXObl», a
npouecc npoekTMposaHua Gonee MonHO COOTBETCTBYET OXUAAEMOMY
pesynbTary.

8.1.2.4 BeposATHOCTHble METOAbI MPOEKTUPOBaHWUSA, KPOME TOro, LatoT
BO3MOXHOCTb MPOEKTUPOBLLMKY OLIEHUTb YyBCTBUTENBbHOCTb PasfinyHbIX
napameTpoB, BIUAIOWLMX Ha MPOAOIMKUTENBHOCTb Cpoka CnyxObl. Takum
00pa3om, OCHOBHOE BHWMAHWE JAOMKHO ObiTb yAENEeHO WMEHHO 3TUM
napameTpaM, YTO MOXET OKa3aTbCsl MOMEe3HbIM AaXe Ha HayanbHOW cTaguv
paspaboTku Moaenu.

8.1.3 Moagenu 40NroBe4HOCTM ANs pasnuyHbIX 3agay

8.1.3.1 OnpeaeneHne NOTpeBHOCTN B MOAENNPOBaHNN

8.1.3.1.1 Mogenu [ONroBEYHOCTU CO3AAINT ANSA Pa3NMYHbIX LEnen.
IMpennochkInKky K Co3AaHnIo Mogenen 4ONroBeYHOCTU, a TakKe CTosLLME nepeq
HAMKM 3aaaum MOryT ObiTb PasfMYHbIMU B 3aBUCUMOCTU OT UX KOHEYHOrO
npeaHasHavyeHns. Mopenn OCHOBLIBAKOT Ha pPasnUuHbIX TUNax WM Ang
pasnuyHbIX YPOBHEW JaHHbIX NO AONroBeYHOCTU. MHorga nporHosnposaHue
cpoka Cryx0bl MOXET OCHOBbBIBATLCA Ha UCTOPWUN Pa3BUTUA KOHCTPYKLMK U
OonblTe ee aKkcnnyarauuy, B TO BPeMS, Kak B APYrux Cnydasx Ang nonydvyeHus
UHGpOPMaLUMK, MO3BONAIWEN CAenaTb TakoW NpPOrHo3, Heobxoaumo
NPOBOAUTL NCTBITAHUS.

8.1.3.1.2 Kpome 3TOro, CyLLeCcTBYOT pasnuuunsi B napameTpax Mopaenen,
KOTOpble 3aBUCAT OT rMybuHbl TeopeTudeckon paspaboTkM mopened u ot
TpebosaHui 3aKasynka COOPYXEHUS. Hanpumep, napameTpbl
MPOEKTUPOBAHNSA N KOHTPOMNSA KauecTBa Mpu NPOBEAEHUM MEPONPUSTUNA No
COAEPXaHWUI0 COOPYXEHNUS 1 NPU Ero PEMOHTE Pas3nuyHbl (CM. MPUNOXeHue A).

8.1.3.1.3 ana AanbHenLwero COBEpPLLEHCTBOBaHMSA moaenen
OONMrOBEYHOCTM HYXXHO BbIAENUTb, MO KpaHen mMepe, crneayowme
HanpasneHus:

- TEXHNYECKoe pasBuUTUe MaTepuanos;

- U3y4eHve xapakTepa 3KONorM4eckoro BO3aencTena Ha marepuvansi;

- CO3faHne pasHOYPOBHEBbIX CETE YNpPaBneHUs COAEPXaHUEM,
PEMOHTOM N PEKOHCTPYKLMEN COOPYXKEHUM;

- MNaHMpoBaHWe PEMOHTHbIX paboT Ha ypoBHE OOBHEKTOB;

- @Hanu3 pUCKOB, CBSI3aHHbIX C OTAEMbHBIMA COOPYXEHUSIMU OCOBOro
3Ha4YeHus;

- NPoeKTUpOBaHWe GETOHHBIX CMECel U 0BeCneYeHne KOHTPONS KauecTBa
Ha CTpOMNNOLaaKe,;

- NPOEKTMPOBaHNE AONTOBEYHOCTN KOHCTPYKLIMA.

8.1.3.1.4 He cywecrtByeT Kakux-nubo [aHHbIX NO MPOrHO3UPOBAHWIO
AONroBEYHOCTU HOBbIX MaTepuanos. [na onpegeneHnss KOppPO3WOHHOWN
CTONKOCTU U LOMTOBEYHOCTU HOBbIX MaTepuanos NPOBOASAT UX YCKOPEHHbIe
UCNbITAHUA MO WCKYCCTBEHHOMY CTapeHuto. Mpu oueHke noTeHUManbHOro
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cpoka cnyx0bl HOBbIX MaTepuarnoB MONarawT, YTO KONMUYECTBO LMKIOB
YCKOPEHHbIX WCMbITAaHAA MO WUCKYCCTBEHHOMY CTapeHui0 OonpeaeneHHbIM
o6pasom oTpaxaeT HEKOTOPYHO 3aBUCMMOCTb CO CPOKOM Cny6bl MaTepuana
B pearnbHbIX YCNOBUSAX.

8.1.3.1.5 Cpok cny>6bl HOBbIX MaTepuanoB MOXHO NbITaTbCA OnpeaenvTb
CpaBHEHWEeM CKOpPOCTU W3MEHEHUs XapaKTepuCTUK MaTepuanoB npu
YCKOPEHHbIX UCMNbITAHUAX MO WUCKYCCTBEHHOMY CTapeHuio C pesynbtatamu,
NONyYEeHHbIMWU NPU AINTESIbHBIX UCTBITaHUAX NO €CTECTBEHHOMY CTapeHUIo B
YyCNoBUsIX peanbHOW skcnnyataumm matepuana [7]. CpaBHUTENbHbIE
UCMbITaHWA HOBbIX MaTepuaroB napannenbHO C U3BECTHbIMU TaKkKe MOryT
ObITb OCHOBON 419 NPOrHO3NMPOBAHUSA CPOKa Cy>KObl HOBBIX [8].

8.1.3.1.6 [Ansa npoBefeHns OLEHKN BO3AENCTBUS OKpYXaloLen cpeabl Ha
Cpok cnyxObl  MaTepuanos MOryT ObiTb  UCMOMNb30BaHbl  YCKOPEHHLIE
UCMbITaHNSA HAa cTapeHue. CyLleCcTBEHHOE OTNMUMeE B 3TOM Chydvae CoCTOUT B
TOM, YTO AManasoH NPOrHO3MPOBAHUS BO BPEMEHN MOXET PaCTArMBATLCA Ha
ANVTenbHble CPoKW. Hanpumep, npn  OLEHKE KOHEYHOro COCTOAHWUSA
pesepsyapa ANA XpaHeHWs SAEpHbIX OTXOA0B Tpebyembll CPOK CrnyxObl
MaTepunanoB MOXET COCTaBNATb HECKOMbKO ThICAYENETUIA.

8.1.3.1.7 [Ona nnaHMpoBaHUS MEeponpuUATUA MO  COAEPXKaHUO U”
JKCNNyaTaumm CyLLECTBYIOLMX COOPYKEHUA C TOYKM 3PEHUS  OLEHKM
AphEKTMBHOCTM  KanuTanoBMOXEHUA  Tawkke  Heobxoaumbl  MoOAenu
ponroseyHocT. pn 3TOM CO34aK0TCA CETEBblIE MHOMOYPOBEHHbIE CUCTEMBI
ynpasneHus, npegHasHavyeHHble ANa COAePXaHUsa, PEMOHTa U PEKOHCTPYKLMK
MOCTOB U UHbIX COOPYXEHWIN. YacTo MoAenu JONrOBEYHOCTU TaKUX CUCTEM
OCHOBbIBAKOT Ha pesynbTatax 00CnejoBaHUA COOPYXEHWI, COOpaHHbIX
cunamn odmumanbHoro opraHa, Ans KOTOPOro CosfaHbl AaHHbIE CUCTEMBI.
Mocne aToro napameTpbl MOAenen AONrOBEYHOCTU B3aUMOYBA3LIBAIOTCH B
6a3e AaHHbIX CUCTEMbI C pe3ynbTaTamu NpoBeaeHHbIX obcneaoBaHUi.

8.1.3.1.8 Mpu nnaHMpoBaHUM MEPONPUATUA MO PEMOHTY OTAESNbHbIX
CYLLECTBYIOLLMX COOPY>XEHWA MOryT ObiTb WUCNONb3OBaHbl Apyrne Tunbl
moaenen. 3Has BO3PacT U COBPEMEHHOE COCTOSIHUE COOPYKEHUS,, MOXHO
NCNONb30BAHWMEM 3KCTPANONALMOHHON MOAENUN NpOrHo3uposaTh OyAyLLyio
paboTOCNOCOGHOCTL COOPYKEHUSA U OCTABLUUINCA CPOK ero cnyxobl.

8.1.3.1.9 [na CoOpyXeHuin, CBA3aHHbIX C OGONbLUMM CcouManbHbIM,
SKOHOMMWYECKMM MNU 3KONOMMYECKUM PUCKOM, MPOBOAAT aHanusbl puckos. K
TaKMM COOPYKEHUSIM OTHOCATCH aTOMHbIE 3NEeKTPOCTaHumK, nnatgopmbl Ans
[00blun HepTH, NNOTUHBI, MOCTbI M T.4. [na NnpoBeAeHUs aHanu3oB PUCKOB
HeobxoaMMO  KOMOWMHWPOBaTb  pasnUYHbIE  BEPOSTHOCTHbIE  MOAENU
paspyLleHusi, MO KOTOPbIM OMNPEAENnsitoT KPUTUYECKME NyTW, MOryLme
npuBecT! K HapyweHuo 6e30nacHOCTM coopyxeHus. B aHanuse pwvckos
MOXHO MPUMEHSITb BCE BO3MOXHbBIE BUA bl MOAENeN, Aaxe TeopeTUYeckue.

8.1.3.1.10 Mogenn JONrOBEYHOCTM HYXHbI, KpOMe TOro, W npu
NPOEKTUPOBaHNM cocTaBa OETOHHbLIX CMecel. B umucno napameTpoB 3TuX
MOZENen BXOAAT KONUYECTBO U COOTHOLLIEHWE COCTaBNAOLLMX CMECH, a TaKKe
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CBOWCTBa, KOTOpble MOXHO OnpeaenuTb WU OLEHUTb NO XapaKTepucTukam
BETOHHON CMECU. TN MOLENN MOXHO NPUMEHSTE TAKKe N Ha CTPOUTENBHON
nnowaake. lMpumeHAs Moaenu [AONroBeYHOCTW, NMLO, KOHTPONMpyoLLee
kauecTBO paboT, MOXEeT oueHuBaTb OyayLuvMe xapaktepuctukn GeToHa fo
Bblgaun paspeLLeHnst Ha yknaaky ero B onanyoky.

8.1.3.2 Moaenu Ans npOeKTMPOBaHUA JOMroBEYHOCTN KOHCTPYKLINA

8.1.3.2.1 MNapameTpbl Moaenen, npeanonaraembixX K UCMOMb30BaHWIO Mpy
MPOEKTUPOBAHNN JONTOBEYHOCTU KOHCTPYKUMI, AOMKHbI ObiTb AOCTYMHLIMU
WHXEHePY-NPoeKTUpoBLLMKY. B 3TOM cMmbicne Oonbluee npeagnoyteHne
OTZAKT He napameTpam, OTHOCSALLMMCH K CBEXENpUroToBrieHHon 6eTOHHON
CMecy, a napameTpam, KOTopble MOXHO U3MEPATL NO 3aTBepaeBLUeMy GETOHY,
HanpuMep, NPOYHOCTb, NOPUCTOCTb U T.4. OHU TakKe JOMKHbI BKIKYaTLCH B
CUCTEMY KOHTPONSA KaveCTBa NPOEKTUPYEMOrO COOPYKEHNS.

8.1.3.2.2 TPOYHOCTHbIE XapaKTEPUCTUKN MaTEepManos B 3HAYUTENbHON
CTENeHN BNMSOT Ha HECYLLYO CMOCOBHOCTE COOPYXKEHNS N KOCBEHHO Ha €ro
reoMeTpuU4ecKne pasmepbl, BenUYMHY nponeta, pgedopmauum wn T.4.
lMockonbky MPOYHOCTHBIE XapaKTEePUCTUKM SABMSAIOTCA HEOTHLEMMEMbIMU
pacqeTHBIMU MapamMeTpaMn KOHCTPYKTUBHOMO MPOEKTUPOBaHWSA, UX BecbMa
ya,00HO NpUHUMaTE 3a NapameTpbl MOAenen 4ONroBeYHOCTU.

8.1.3.2.3 Ecnv NpoYHOCTHbIE XapaKTEPUCTUKM HE NMPUMEHSIIOT NapameTpbl
[LONTOBEYHOCTN KENE30OETOHHbIX KOHCTPYKUMA, TO C GONbLUON CTENEHbHO
BEPOATHOCTU MOXHO YTBEPXKAATb, YTO MCNOSB3YIOTCA Apyrve napameTpsbl, Tak
UM MHa4ve CBSI3aHHble C MPOYHOCTBID. JTO MOXET MPUBOAUTL K ONACHOCTU
BO3HVKHOBEHMWS NPOTUBOPEUMBLIX TPEDOBAHMIA K pacyeTHbIM napameTpam. Mo
STOM MpUYMHE BOAOLEMEHTHOE OTHOWEHne B OETOHHOW CMecH, 4acto
UCMONb3yemMoe B KaudeCTBE pacueTHOrO napameTpa npu NPOeKTUpOBaHUU
OETOHHON CMeCH, He CUMTAKT NPUrOAHBIM ANSA KOHCTPYKTUBHBLIX PacqeToB.
Opyraq npuunHa oOTkasa OT Hero Kak rnapameTpa npu KOHCTPYKTUBHBLIX
pacyeTax COCTOMT B TOM, 4TO BCe Gonble M Gonblie NpUMEHAEMble B
B6ETOHHBIX CMECHAX aKTUBHbIE MUHEparnbHble f06aBKM (AOMEHHBIR Wnak, 3ona
YHOCA, MUKPOKPEMHE3eM W Ap.) OTOABUralT HA 3afHUIA MNaH camy uiew
BOAOLIEMEHTHOro OTHOLLEeHUs. Kpome Toro, onpegeneHve BOAOLEMEHTHOrO
OTHOLWIEHNA Ha cxBaTuBweMca OeToHe 3aTpygHEeHO, OCOOGeHHO npu
ncrnonb3osaHUKM J06aBOK-3amMeHUTeENen LieMeHTa.

8.1.3.2.4 [Jpyroi napameTp, 4acTo UCMOMb3yeMbIA ANA XapaKTepUCTUK1
kauectBa OeTOHa (Hapsay C BOAOLEMEHTHbIM OTHOLLEHMEM) — CTEneHb
rmapatauum uUemeHTa. Bcneactsve npumeHeHust p06aBOK-3amMeHuTenen
LeMeHTa MOHATUE «CTEMeHb rMaparauumy» Takke CTano TyMaHHbIM U €ro
LEHHOCTb Kak MpakTM4YeCKoro pacyeTHOro napamMeTpa Takke ynana. Ona
NPOEKTUPOBLLMKa Bonee 3HaunMble 1 JOCTaTOMHO TOYHbIE AN4 Lienen pacyeTa
napameTpbl — KUHETUKA U NPOAOIIKUTENBHOCTb HaBopa NPOYHOCTU.
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8.2 CospaHue wMopaenen [OONTOBEYHOCTU Ansl MPOEKTUPOBAHUA
LOONroOBEeYHOCTU

8.2.1 KonuuecTBeHHbIN aHanu3 gerpagaumm

8.2.1.1 lNepBbIil War Ha NyTW CO3JaHMA MOAENen aerpagaummn SBNseTca
aHanu3 ¢akTopoB WU npoueccoB Aerpagauvun. B Tabnuue 8.1 cuctemHo
nepeyncrieHbl BCe BO3MOXHble (PakTOpbl, NPOUECCHl W NOCNEeACTBUs
perpagauun. Ona ypo6ctBa Bce chakTopbl gerpajauum pasgeneHbl Ha
crieayoLme rpynnbi:

1. MexaHu4yeckune

2. Bruonormyeckue

3. XuMmn4yeckme

4. pusnyeckme

5. CBSAA3aHHbIE C XapaKTEPOM 3KCruyaTauvu.

8.2.1.2 JTMmM nyTemM He BCerja OKasblBAaETCA BO3MOXHbLIM 4YETKO
pasrpaHnuMTe akTopbl gerpagauun. MpUMepoM Takoro SABMEHUS MOXET
CNyxuTb OGUOreHHas CepHOKWUCIOTHas KOPPO3Wsi, NMEePBONPUYUHONW KOTOPOM
ABNAOTCA  OuonorMyeckne npouecchl, a nocrnegywwas jaerpagauus
npeacTaBnaeT cobon XMmMmnyecknin npouece. B nogobHeix cnyyasx sbiGop Tuna
JerpajaumnoHHoro  akTopa OCHOBBIBAIOT Ha €ro  MNMPOUCXOXAEHUW.
Knaccndukaums perpagaumoHHbIX hakTOpOB MO3BOSMSET OCYLUECTBUTL WX
HarnsaHbIN aHanms.

8.2.1.3 Tabnuua AerpagaumoHHbIX pakTopoB, nogobHas Tabnuue 8.1
(NnepBoHaYanbHO MCNOMb3OBaHHAS AN ONPELENEHNs aHanM3a PUCKOB, rae
OHa Oblna Ha3BaHa «PEXNMOM pPaspyLUEHWS U aHanM3om BnusHusi» — FMEA),
MOXeT  BbiTb ncnonb3oBaHa NPOEKTUPOBLLMKOM  ANiS oTtbopa
COOTBETCTBYIOLLUMX AerpajaumoHHbIX hakTopos.

8.2.1.4 OT60p haKTOpPOB MOXKHO NPOBOAMUTL ABYMS MYTAMU:

- oTbop OcHOBaH Ha ferpafaunoHHbIX (hakTopax, MOSBMEHUE KOTOPbIX
OXUAaKT B MECTE pacnonoxeHuns 6yayLero COOpy>KeHus,

- OTOOP OCHOBaH Ha PUCKE; MPW 3TOM HYXHO pacCMaTpvMBaTh NULlb TE
perpagaunoHHble  (hakTopbl, KOTOpblE COMNPOBOXAATCA OTHOCWUTENBbHO
BbICOKO CTEneHblo pucka. B 3ToM CMbicrie pucK npeacTasnser cobon
BEPOATHOCTb  paspyLUeHUs, MNOMHOXEHHYI0 Ha ofbeM noBpeXaeHUNn,
BbI3BaHHbIX Aerpagaumnen.

Tabnuua 8.1 — ferpapaunoHHble PaKTOPbl U NPOLIECCHI

[erpagaynoHHbiii doaktop | Mpoyecc | Herpagauus
MexaHnu4yeckue
Cratuueckoe 3arpyxenue | dedopmayus Mporu6ebl, TpewuHoobpasoBaHue,
paspyLueHue
Linknuyeckoe 3arpyxeHne | YCTanocTHble HanpsiKeHus, Mporu6el, TpewmuHoobpasoBaHue,
Aedopmaums paspylieHue
buonozsuyeckue
MukpoopraHmsmb! [ MpoussoacTeO KMCOTHI | Beienauveadve
Xumuyeckue
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«Msrkas» Boga BblwenaunBaHue PasnoxeHue 6eToHa
Kucnota BbiwenaunBaHue PasnoxeHue 6eToHa
Kucnota Hevitpanusayus Henaccnsauyws cranu*
KucnoTHble rasbl Hevitpanusauus [Lenaccnsayma ctanu*
Ovokcna yrnepoga Kap6oHusauus

Hvokcua cepebl Cynbdarayus

[unokcuna asorta

ObpasoBaHue conen

Xnopuabl

MeHeTpayus, paspyeHue
HEWTpanbHON NNEHKN

[enaccusayusa cranu*

Jenaccusauus cranm,
Kucnopoa, soaa

Kopposausa

Pa3byxaHue Koppo3uWHOro crnos
cTanu, notepsi guamerTpa
CTEPXKHEW, MOTEPS CUENNEHUs

Cynbdarbl

BHyTpuKpuCTannuyeckoe
JaBneHve

PaspyLueHue 6eToHa

CunvkaTtHble
3anNOMNHUTENM, LENnoYm

CwnukaTtHas peakyust

YBenuueHve obvema,
pasnoxeHne 6eToHa

KapboHaTHble Kap6oHaTtHas peakuusi YBenuyeHve obvema,

3anonHUTEnu pasnoxeHue 6eToHa
Qusuyeckue

NameHeHve TemnepaTypbl | Paclmpenve YkopoueHue, yanuHeHne,

CTECHEHHbIE gedropmaLmm

M3meHeHne
OTHOCUTENBHOMN
BNaXHOCTH

Ycagka, HabyxaHne

YkopoueHue, yanuHenue,
CTECHEHHble gedopmanum

Huakue Temneparypbl,
BoAa

O6pasoBaHue nbaa

PaspyweHue 6eToHa

Conu -
aHTuodneaeHuTenu,
oTpuyaTerbHble
Temneparypsl

MepeHoc TennoTbl

OtcnoeHue 6eToHa

Mnasatowuin neg

AbpasunBHoe BO3gencTeme

TpelwmHoobpasoBaHme,
OTCNoeHmne

BosgencTBme TpaHcnopTa

ABpasumBHOe BO3jeNCTBUE

KoneeobpasoBaHue, nctmpaHue,
N3HOC

[MpoToyHasg Boga

Oposus

MNoBpexaeHne NOBEPXHOCTU

TypOynNeHTHbIA NOTOK

Kasutaums

O6pasoBaHue kaBepH

* [MpOMENKYTOYHOE COCTOsIHUE.

8.2.1.5 Ha pucyHke 8.2 npuBefeHa guarpamma, Kotopas UnmnocTpupyeT
CTPYKTYPY OY€Hb CIOXHOro MexaHusma, B KOTOPOM, B CBOK oOyepeab,
y4yacTBYHOT HECKONbKO APYrMX MEXaHW3MOB, MpuUYEeM BIUAHWE OJHOro
MexaHn3ma co3faeT AerpagaunoHHbIn pakTop ANs ApYyroro.
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MpPOHUKHOBEHNE XNOPUA0B Kap6oHusauua 6eToHa
B 6ETOH 3aLUMTHOTO Crost

L

Koppo3sus
apmarypsl
YMEHbLUEHWE NoLwaamn MexaHudyeckue
nonepeyYHoro cedeHns HanpskeHWs
apMaTypHbIX CTEPXKHEN B
30He TpeLUMH B beToHe
Ortcnoexue peu
3aLLUMTHOrO Crosi I ]
6eToHa
CHWXeHWe cuenneHus
apMaTypbl ¢ GETOHOM U Pas3pbiB
3CTETUYECKNE NOTEPU BHELLHETO cTepxHen
Buaa

PucyHok 8.2 — Cxema 3TanoB KOppo3umn apmarypbl

8.2.1.6 Jloboe BO3ZENCTBME, KOTOPOMY MOABEPraeTCs COOpYXEHUe,
BbI3bIBAET KOHKPETHYIO OTBETHYIO PeaKkuuio, 3aBUCALLYIO OT NPUPOAbI
paccmaTtpvBaemMoro BRMSHUSA. [Ons Kawaoro gerpajauduoHHOro dakropa
UMeeTCs  OTBETHaA  peakuuMsl  COOPYXEeHWs,  KOTopoe  MbiTaerca
BOCMPENATCTBOBaTbL  Aerpagaumun. [ns  MexaHW4eckoro  3arpyeHus,
HanpumMep, CyLLUECTBYET OnpeaeneHHas HecyLuasi CNoCOBHOCTb, paspyLUEHUIO
OT 3aMOpaXuBaHWs MPOTUBOCTOMT MOPO3OCTOMKOCTL U T.4. dakTopsbl
BHYTPEHHEW OTBETHOW peaKkuuy, B OCHOBHOM, COOTBETCTBYIOT CBOWCTBaM
MaTepuanos, reoMeTpu4eckon opme 1 pasmepam.

8.2.1.7 BoobLue roBopsi, OTBETHbIE peakLMn MOXHO knaccuduumposaTb
aHanornyHo gerpagauvoHHbIM akTopam:

- MEeXaHN4ecKkue,;

- MEXaHOo-pnsnyeckme;

- (hmanueckue;

- MEXaHO-X1MUKO-(hN3NYECKME,

- XMMUYecKue;

- reoMeTpur4ecKme.

8.2.1.8 MMpun opmynMpoBaHUM MOAENEN AONroBEeYHOCTU Heobxoammo
Takke YJWTbiBaTb BO3MOXHOCTE 4enoBeyeckoh owmbku u  apyrve
HeonpeaeneHHble daktopbl. B 3Ty «kaTeroprio BRAMAHUS  BKIOYaOT
cneayowme rpynnbl [9]:

- HeonpeaeneHHoCT NPOeKTUPOBaHUS;
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- OLWNBKN KOMMYHUKaLWRA;

- HeonpeaeneHHOCTN NPU N3roTOBNEHUUN N CTPOUTENBLCTBE;

- OLUMBKN MaTEMaTNYECKOrO U CTAaTUCTUYECKOrO MOAESNINPOBAHMSI.

8.2.1.9 Ecnn HeonpeseneHHoCTN MNPOEKTUPOBAHUA, W3rOTOBMEHUA W
NCMONHEHNs He obpabaTtbiBaTb 0CO0O, TO MX MOXHO Y4YMTbIBaTb, Kak
LONONHUTENbHBIN Pa3bpoc B MOAENAX AONTOBEYHOCTU. HeyuyeT HekoTopbix
NapameTpoB B MOAENSX [AONMMOBEYHOCTU Taioke MOXET MpuUBOAWUTL K
yBenuueHunio pasbpoca. OpgHako 0BpaboTka rpybbix MOrpeLuHOCTen npu
Hanu4nn pasdpoca HEBO3MOXHaA.

8.2.2 KonnuectseHHOe onpeaeneHve aerpagauuuv, paboTbl M cpoka
cnyxBbl

8.2.2.1 3akmounTenbHbIN 3Tan B MpPoOLECCe CO3AaHus Mopenen
LONTOBEYHOCTN COCTOUT B OMPEAENEHUN KONMMYECTBEHHbIX NoKasaTenen n nx
coctaBa. WHCTpymMeHTOM Ans  BbINOMHEHUS 3TOW  3ajaunm  cnyxar
CTaTUCTUYECKME METOAbI U TeopeTudeckun aHanus. Kpome TOoro, 4acto
npmxoantca npuberate K YNPOLWEHUAM, K OTKady OT He OTHOCALLMXCSH
HanpsAMyt0 OakTOpOB U K OrpaHUYEeHunio yncna akropos, HENOCPEACTBEHHO
OTHOCALLMXCA K NpoBneme.

8.2.2.2 Mogenun z0nroBe4HOCTU MOXHO OCHOBBIBATb Ha 3MMUPUYECKOM U
Ha aHanuTUYeckoMm (yHAAMEHTE. IMMNUPUYECKME MOAENN COCTaBNSIOT Ha
OCHOBaHUM OnbiTa W pes3ynbTaToB 3KCNepuMeHToB. WX cospalT no
pesynbTatam noOMeBbIX WCNbITAHUA W NabopaTopHbIX WUCCNefoBaHUA C
NCNONb30BaHNEM METOLOB KOPPENALMM U APYINX CTAaTUCTUYECKUX METOAOB.

8.2.2.3 AHannTu4eckne Moaenu CTPOSAT Ha OCHOBaHWUU 3aKOHOB NPUPOAbI
1 Ha pyHAAMEHTarbHbIX Hay4HbIX NONoxeHnaxX. OHM Co3garoTca B pesynbrare
nogpoBHOro aHannsa MEXaHU3MOB Aerpajauun N KMHETUKU aerpagauvn. 1o
MPaKkTUYECKOrO MpPUMEHeHUsT mMopener obblMHO OblBaeT Heobxoaumo
NpoBEAEHNe UCMbITaHUMA MO OMNpeaeneHuo 3HaYEHNA HEKOTOPbIX BENUYUH,
OTHOCSALLMXCS K CBOMCTBaAM MaTepuanos.

8.2.2.4 BecbMa 4acCcTO 3MMUPUYECKME MOAENU NPEACTaBNAT TOYKY
3PEHUSA UHXEHEPOB, a aHanuUTUYeCKue MOAENn — TOYKY 3PEHUSI YYEHBIX.
HegocTtaTtok amnmMpuyecKknx MOAENEN COCTOMT B TOM, YTO B HUX BOODOLLE C
TPYAOM BOCNPUHMMAETCH MeEXaHu3M BnusiHus. Bcneactsue 3atoro mnoboe
OTKITOHEHME 3a Npegenbl MOAENWN CTAHOBUTCS HEBO3MOXHbIM B3 BOBNEYEHUs
HEKOTOPOro pucka.

8.2.2.5 AHanuTuMueckne mMogenu OocHoBaHbl Ha 6onee rnybokom
NMOHMMaHMM CYTWM MpoOLecca MNOBPEXAEHMS KOHCTPYKUMW, OJHAKO WX
MPakTNU4eCcKkoe 3HaAYEHME MOXET OKasaTbCsl HebOomnbLUMM, ecnu napameTpbl
MOAENU He NOoAJAalTCA HEnocpeaCTBEHHOMY W3MEPEHUIO, UM eCriv 3Tu
Mogenn He MoryT 6biTb AOBEAEHbI NO KAKOW-NMMOO NHON NPUYUHE A0 YPOBHS
NpakTU4eCKOro NPUMEHEHUS.

8.2.2.6 MNpwu cosgaHumn MoAenen AonNroBe4YHOCTN HeOOXOAUMO NpUBNEKaTb
KaKk aMnupuueckue, Tak W aHanuTuyeckme WHCTpPymeHTbl. Mogenu moryT
CYUTaATLCA NPUrOAHBLIMK, €Cr OHUM OCHOBaHbl Ha U3YYEHUU MEXaHU3MOB U
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hakTopOB, KOTOPbIE CNIOCOOCTBYHOT AErPaAaLIMn, 1 B TO XE BPEMS OHWU AOIDKHbI
noaAaBaTbCs NpoBepke B natopaTtopum 1 Npuy NONeEBbIX UCTIbITaHWSX. YCnosue
NpakTU4eckon NPUMEHMMOCTM MOAENW AN BbINOMHEHNS KOHCTPYKTUBHbBIX
pacyeToB COCTOMT B TOM, YTO OHa AoOMmkHa OblTb AOCTaTOMHO npocTa U
nojjasanachb OCMbICMEHMIO.

8.2.2.7 Mpu paspabotke amnupuyeckon Mogenu Aerpagadmn (Mnu
paboTkl) 06bLIMHO HeoBxoauMbI nonesble ucnbiTaHusA. VX 3agaya coctout B
onpeaeneHnM CTEMeHU BIWSIHUSE OCHOBHbLIX NapamMeTpoB, OCOGEHHO
napameTpOB OKPYKaIOLLEW CPefbl, Ha Xapakrep nNpoTekaHus aerpajaumm Bo
BpemeHu. Jerpagaumnio (Mnu paboTy) U3MePSIOT B NOObIX NOAXOAALLMX ANS
3TOr0  efuHWUax. [ns onpegeneHuss cpefHed KPpWMBOW  Aerpagaumu
UCMOMb3YIOT PErpeccyBHbIA aHanM3 U MNpoYne CTaTUCTUYECKUE METOAbI
(pucyHok 8.3).

A

Mpeaen . PacnpegeneHve
3KCMyaTaLMoHHOM cpoKa cry0b!
NPUroAHOCTU —_—
3 CpeaHun cpok cnyxObl
>
©
= o
3 Kpueas cpepHen
@ aerpagaimm
=
Pacnpepnenerve
ferpapauum

Bpemsa )

Pucynok 8.3 — CpeaHan aerpapgaumsa u CpeaHuii CPoK Cryxobl

8.2.2.8 Cnepgywowumn sTan cosgaHna wmoaenn — nabopaTopHble
ucnbitaHus. MNpu aTom gomkHa obecneumBaTbCs yBEPEHHOCTb B TOM, YTO 3TU
naGopaTopHble UCMbITaHUA [AEACTBUTENBHO OTHOCATCH K  WU3y4yaemomy
daktopy Aerpagaumn. llocne 3TOr0  M3yyalT BMAVSHWE  Pa3fMYHbIX
napameTpoB Ha CKOPOCTb Aerpagaumu; npy 3Tom npuberaroT K Cepumn OnbIToB
C MEHSILWMMUCA XapakTepucTMkamn martepuanos, pasvepamy 1 1.4. B
GonbLlUMHCTBE CryYaeB WMHAOPMAaLMK, MOMYYEeHHON W3 3TUX WCMbITaHWiA, B
COYETaHUN C pesynbTaTaMmu MofeBbIX UCMbITaHUA, OblBAeT AOCTaTOYHO ANs
MOCTPOEHUA Moaenu aedopmauum mnu paboTbl, copepaller HEeCKONbKO
napameTpoB:

u(D) = D(x1, x2, ... Xn, B), (8.1)
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roe u(D) - CpeaHaa gerpagaums;
X1, X2, Xn — NAPAMETPbI MaTepuana, KOHCTPYKLMMU 1 OKPY>KatoLEen cpeabl;
— BO3PACT COOPYKEHUS.

8.2.29 Mopenn pabotbl MOXHO Ge3 Tpyaa nNonydnTb W3 MOZEnen
Aerpagaumn, NOCKONMbKY (PakTUYeCKM OHW  NPEACTaBNsOT  Mpouecc,
NPOTUBOMNONOXHBIN Aerpagaumn. Hanpumep, Moaenb gerpagaunm onucbisaeT
POCT rnyGuHbI kapOOHM3aLUMKN BO BPEMEHU, COOTBETCTBYIOLLAA MO EeNb paboTbl
OoTpaXxaeT U3MEHEHUE BO BPEMEHU TOMNLLMHbI HEKAPOOHN3NPOBaHHOrO BeToHa.
HekapBoHnanposaHHas YacTb 6eToHa 3alUMTHOrO Cros, Takum obpasom —
cBoeobpasHas «CMOCOBHOCTb» KOHCTPYKUMM, T.€. XapakTepuctuka ee
paboTocnocoGHoCTH.

O6wwin BuA mogenu paboTbl HANOMUHAET BHELLHE MOAENb Aerpagaumm

U(P) = P(x1, X2, ... Xn, 1), (8.2)

roe u(P) - cpeaHasa paboTocnocoGHOCTb,
X1, X2, Xn — NAPAMETPbI MaTepuana, KOHCTPYKLUM N OKPYKaIOLLEW Cpeabl,
- BO3PACT COOPYXEHUS.

8.2.210 Ha ypoBHe KOHCTPYKUMM paboTocnocobHOCTE He Bcerga
ABNAETCA NUHENHON PyHKUMEN aerpagaumm matepuanos, U B Mogenb paboThbl
MOryT ObITb BKITHOUYEHbI HECKOIBKO AerpagaunoHHbix dakrtopos. Hanpumep, B
Mozenn paboTbl HecyLlern CrocOBHOCTM KOMOHHBI, HECyLas CnocoBHOCTbL
3aBMCUT OT BENWYMHbI NNOLWAAW NONEpPeYvHOro ceyeHus GeToHa U cranu.
Takum obpasom, mogenu perpagaumu BGeToHa M cTanu usobpakatoTces
MaTemMaTnHecKuMm YHKLUMAMN Nnowagen NonepeYHoro CeYeHns, B KOTOPbIX
LLUMPUHA KONOHHBI U ANaMETP apMaTypPHbIX CTEPXKHEN BO3BEAEHBI BO BTOPYK
CTeneHsb.

8.2.2.11 CpeaHuin cpok cnyxObl OObIMHO NPUHUMAIOT NPUONIN3UTENBHO
paBHbIM MEepUOAY BPEMEHW, 3a KOTOPbIN CPEeAHss Aerpajauvsi LOCTUTHET
MaKCUMasibHO [,O0NyCTUMOI CyMMapHON Jerpagauuu, unm 3a KOTopbIi CPEAHSS
paboTocnocobHOCTb  AOCTUrHET MWHUMANbHO LOMYCTUMOIO COCTOSIHWSA
paboTocnocoOHOCTU. MpK N3BECTHBIX MaKCUManbHOR aerpagaumy, Dmax, Uin
MUHUMAnNbHOM paboTocnocoBHOCTN, Pmin, COOTBETCTBYIOWMA CPEAHMIA CPOK
cnyx0bl MOXET ObITb NONYYeEH U3 MOZENen Aerpagaumn unu paboTbl

H(t) = D(x1, X2, ... Xn, Dimax) (8.3)
unm

M(t) = tu(x1, X2, ... Xn, Prin) (8.4)
rae p(t) — cpeaHuin Cpok Cnyxobl.

8.2.2.12 Ecnu aocTyneH pocratodHo GonbLuoi o6bem nHdopmMauum no
CpOKy ChnyObl, CpeaHWin Cpok cnybbl MOXeT ObiTb CMOAENUPOBaH
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HenocpeacTBeHHO 6e3 HeobxogmMMocTn npuberatb K MOZEnsam Aerpagaumn
unv paboTbl. OgHaKo Takoe CriydaeTcs He vyacTo. Korga cpegHuin cpok cnyxobl
onpeaenstioT no MogenaMm gerpagauum unu  paboTbl  BbILLEONUCAHHBIM
€cnocoBoM, MONy4YEHHbIV pesynbTaT He UMEET BbICOKON TOYHOCTM, HO Ero YacTo
MOXHO MPVHUMATb Kak JOCTaTo4HO 6nunskoe cpegHee 3HauYeHe BENUYMHBI.

8.2.3 OT OeTePMUHNCTNYECKON K BEPOSITHOCTHOM MOZENMN LOSTTOBEYHOCTU

8.2.3.1 B BEpOATHOCTHbIX MOAENSAX COAEpPXaTCs He TONbKO CPeaHsis
aerpagauus (vnu paboTa, unu cpok cnyxObl), HO 1 Npegnonaraemas gpopma
pacnpeAeneHusi, a Takke MeTO4bl OLEHKM BenuuuHbl pasdpoca. Bmecto
MONyYeHUs1 OTAENbHOW KOHKPETHOW BEMUYMHBLI MO HUM MOXHO ONPEeAennTb
3aKOHbl pacnpeaeneHns Kaxaon komBrvHaumMu napameTpuueckmx BenvuYvH
BEPOATHOCTHON MOAENM.

8.2.3.2 Tllpn BEPOATHOCTHOM MPOEKTUPOBAHUN OOBIYHO ANA OLEHKU
CpefHen perpagaumv NnpUMEHsIOT AeTEPMUHUCTUYECKME pacyETHbIE MO Eenu.
Ansa oueHkn xapakrepa CTaHAAPTHOrO OTKIIOHEHWUS MPUBOAUTCS NMOCTOSHHBIA
kosphuumeHT Bapuaumn. C  yBennyYeHueM fperpagaumy  CTaHaapTHoe
OTKNOHEHNE TaKKe BO3pacTaeT

o=y, (8.5)

rie o — CTaHAapTHOE OTKMOHEHWe ferpajauuu;
U — cpeaHsas aerpagaums;
V — KO3(p1LMEHT Bapualmu.

8.2.3.3 OueHKa CTaHAapTHOIO OTKIIOHEHUA MOXET TakKe OCHOBbIBATbHCS
Ha MeTofe AuddepeHumpoBaHns. B coOTBETCTBUM C 3TUM  METOAOM
LETEPMUHUCTUYECKYIO MOAenb cpegHero X auddepeHumpyoT no Kaxgomy
napameTpy X. MOAENW, a pesynbTaT YMHOXaK0T Ha CTaHA4apTHOE OTKINOHEHUe
3TOro napametpa. OkoH4YaTenbHOE CTaHAapTHOE OTKNOHEHWE 3aTem
onpeaensioT no opmyne

ax

o?00= 24 {35 0(x0)}

2
ax; ’

(8.6)
rae o(X) — craHgapTHoe OTKMoHeHne X (gerpagauus, pabota mnu Cpok

cnyx6bl);
O(xy) — cTaHpapTHOE OTKIOHEHWE napameTpa X

ax -~

x — YacTtHaa npounsBogHas X No NepeMEHHON X,
t

n — 4YUCNO NepemMeHHbIX.

8.234 AOnsa MojenupoBaHus TUMUYHOrO BEPOATHOCTHOIO
AerpajaunoHHOro  mpouecca  Xenes3obeTOHHbIX — KOHCTPYKLUUA — MOXHO
ucrionb3osarte metog [10]. 3TOT METOA NO3BOMNSET BOCMPON3BECTU NpoLEcC
€CTECTBEHHOrO paspyLUEHUs], HAUMHas C COCTOSHUSA OTIIMYHON COXPaHHOCTU C
nocrneayLwen NoCcTOSHHON M CnyvyanHon aerpagauuen. B TeueHue 3Toro
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npouecca wMmoryT ObiTb onpegeneHsl kak pasbpoc, Tak W dopma
pacnpeaeneHus.

8.2.3.5 MNpouecc no meTtogy [10] HaUMHAETCA TakkKe C U3BECTHON CpeAHEN
KpuBoin. OfHaKO B 3TOM CIy4ae He Hy>KHbI HU NapameTpbl, HU NMPEANONOXEHUS
O XapakTepe pacnpeaeneHus.

8.2.3.6 MatemaTtnyeckas Teopuss MeToaa [10] HaxOAUT LUMPOKOE
NPUMEHeHWe, Hanpumep, Ans pa3paboTkyn CETEBOW CUCTEMbI YNpaBneHus
CoAepXaHnem MOCTOB.

OrpomHoe npeumyllecTBo meToga [10] ABngeTca Takke TO, YTO OH
MO3BONSAET OCYLUECTBNATE NMHENHOE NMPOrpaMMUpoBaHne. Takum 0Bpasom,
MOXHO MPOBOAWTL aHanu3 Mo ONTUMM3auMK 3aTpaT Ha MEPONpPUSATUS NO
PEMOHTY C LEenbl YMEHbLUEHWA KX CTOMMOCTM, @ Takke MNnaHMpOBaHue
pemMOHTa COOPY>KEHUI.

9 Moaenu [ONroBeYHOCTM ANA HEKOTOPbIX AerpagauMoOHHbIX
npouLeccoB

9.1 O Mmogenax

9.1.1 B HacTosLleM pasgene npuBeaeHbl HECKOMNbKO NPMMEPOB Moaenen
JONrOBEYHOCTN AN  PasfuuHbIX AerpajaumoHHbiX ¢aktopoB. OHM He
ABNATCA €AUHCTBEHHO Hanbonee BEPOATHLIMU, MOXHO MPUMEHSATL Apyrue
MOZENN NMPW YCNOBUKN, YTO OHU COOTBETCTBYIOT (hopmMarsibHbiM TpeboBaHUAM,
npeabssnsemMbiM K MOAENAM AOMNrOBEYHOCTM BOOOLUE WM MPUrogHbl Ans
NPOEKTUPOBAHNA AONTOBEYHOCTU. OfHAKO 3TU MOAENN ABNATCA Hanbonee
obLWwenpr3HaHHbIMK, XOTS Ha CErOAHSILLHWA JEeHb He CYLUEeCTBYET €4MHOro
MHEHWS NO NOBOAY MOAENEN LONrOBEYHOCTN.

9.1.2 Tlockonbky MoAenu npefHasHaveHbl ANS UCMONb3OBaHUSA B
AETEPMUHUCTUHECKOM UMW NOSTYBEPOATHOCTHOM NPOEKTUPOBaHNU COBMECTHO
C Ko3thdMUMEHTaMN HaJEXHOCTU MO CPOKY CnyxObl, B HUX HE COAEPXKUTCS
Kakon-nubo apyron MHOPMALMM OTHOCUTENBHO BEPOSTHOCTHBIX CBOWCTB,
Kpome cpegHux BenuuuH. B chopmynax mogenen noatomy He COAEPKUTCA
obosHaveHue [(), NOCKONbKy MpefnosnaraeTcs, YTo MOAENU BCerga UMET
Aeno CO CPeaHMUN BENUYMHAMMU.

9.1.3 B ¢B131 C BbILLEU3NOXEHHBIM, TaM, rae 3To HeobxoaUMo, BBEAEHUIO
MoZJenen NpeaLIecTByOT HECKOMbKO BCTYNUTENbHBIX NOACHEHUA. Cpegn HuX
— MOSICHEHUS, KakuM 06pa3oM B COCTaB KOHCTPYKTUBHOMO MPOEKTUPOBaHUS
BKIIOMAIOT fiBNeHue aerpagaumu. Npu 3ToM BO3HUKAKOT TPYAHO paspelunmMble
3apa4mn, ocobeHHO B Criyyae MOPO3HOrO BO3AENCTBUS Ha GETOH U B ApYrux
CrnyJasx paspyLleHUs NoBEpPXHOCTHOrO CNnos, rae Aerpagauma 6eToHa MoxeT
NPUHUMATL pasnnyHble opMbl.

9.2 Bosaencreue oTpuuatenbHbIX TeMnepaTtyp

9.2.1 ®opmbl NOBPEXAEHUIA
9.2.1.1 NMoa MOpO3HON arpeccren 06bIYHO NoAPa3yMEBAETCs HapyLleHne
LIeNnOCTHOCTU unu pacnaj matepuana Ha noBepxHOCcTW GeToHa, koTopble
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NPOUCXOANAT B pe3ynbTaTe NePUOANYECKOro 3aMopaXuBaHus U oTtansaHus. B
YCNOBUAX BMNEXXHOCTU W 3aMOPaXMBaHWA B MNpUMEraroLmx K noBEepXHOCTU
CNOSIX NPOVUCXOAUT CHUXKEHWE NPOYHOCTU BETOHA C NOCNEAYOLLMM pacnajom
marepuana u ero nosnHow notepen B GyayLiem.

9.2.1.2 Pacnap 6eToHa NpoucxoauT B pesynbTarte 3amep3aHus BoAbl B €ro
KanunnspHbix nopax. OgHa U3 NPUYMH 3TOro 3aKMYaeTCA B CBONCTBE BOAbI
yBENMUMUUBATL CBON OOBLEM NpwW 3amepsaHun nNpuMepHo Ha 9 %. [pyras
npuyMHa yBENUYEHNS AABNEHUA BHYTPU CTPYKTypbl 6ETOHa 3akniouaeTcs B
TOM, YTO KpuCTansbl Nbja UMEKT TEHAEHLUMIO K POCTY Npu 3amep3aHnn BO
BNaXXHOWN cpeje.

9.2.1.3 MoposocTonKkocTb 6eTOHa crneayeT paccMmaTpuBaTh Kak CBOWCTBO
marepuana. CnocobHOCTb NPOTMBOCTOSTE  MOBTOPSIOLMMCSH  LIMKNam
3aMOPaXMBaHUA N OTTanBaHUA SBMNSETCA NPUPOAHLIM CBOWCTBOM 6eToHa.
MopO30CTONKOCTb 3aBUCUT OT PasNUYHbIX XapakTepucTuk 6eToHa, Hanpumep,
MPOYHOCTH, MMOTHOCTW, COAepaHua Bosayxa u T.5. OgHako CKOpOCTb
paspyLueHus GeToHa 3aBMCWT He TOMbKO OT €r0 KayecTBa, HO Takke W OT
CTEerneHn arpeCCUBHOCTU BO3AEVCTBUS OKPYKAIOLLEW Cpefbl.

9.2.1.4 CTeneHb arpeccMBHOCTM BO3AEWCTBUSI OKPYKalOLLEN cpeabl BO
MHOrO pa3 Bo3pacTaeT Nnpun UCMNosb3oBaHUW Conen — aHTuobneaeHuTenen Ha
npoexen dactm u Tpotyapax. Conn — aHTUMOONEefeHUTENU He TONbKO
NOBbLILLAKT [aBrneHne BHYTPU CTPYKTypbl O€TOHa, HO WM CHUXAIoT €ero
CnocoBHOCTb MPOTUBOCTOATb WM. XapakTepHasi OTnMYMTENbHas uJepTa
MEXaHu3Ma paspylUeHUss «MOPO3-COMb» — HEMPEPbIBHLIA  Npouecc
CKanblBaHWA TOHKUX croes 6eToHa (LenyLieHue).

9.2.2 MogenupoBaHve BO3AENCTBUS OTpUL@TENBHBIX TEMNEpaTyp

9.2.2.1 B 4uctom BMae MoposHoe noBpexpeHue 6eToHa nposBnseTcs
BHa4Yane Kak CHWKEHWE TMPOYHOCTM Ha YrioBbIX Yy4yacTkax OGeTOHHbIX
anemMeHTOB. YpasHeHue (9.1) npenctaenseT coboON MoAenb CHUXEHWA

MPOYHOCTH
() =Fo {1- {1{%}n}} ©.1)

rae fex(d) — HopmaTMBHasa NPOYHOCTL BeTOHA Ha cxxaTue Ha rmybuHe d;
fox  — HOpMAaTMBHas MPOYHOCTb Ha CXaTUe HEMOBPEXKEHHOro 6ETOHa;

d - rnybyuHa OT NOBEPXHOCTY;
H  —rny6uHa BnusiHuS;
n  — KO3(PUUMEHT, OTHOCALLMIACH K YNCAY LMKINOB «3aMOpaXXusaHue-

oTTamBaHue» (UNu KO BPEMEHN).

9.2.2.2 MNpn KOHCTPYKTUBHOM MPOEKTUPOBAHWUN CHIDKEHME MPOYHOCTU
GeToHa B 30HE YrNOB MOXHO YYECTb B BUAE CHIKEHWSI PACUETHOWM NPOYHOCTH,
pacnpoCcTpaHaemMoro no BCEMY MonepeYHOMy CeYEHUI0 BETOHHOIO 3neMeHTa,
wnu B BUAE YMEHbLUEHWA pasMepoB nonepevHoro ceyeHws. lNocnepHui
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cnocob WCnonb3oBaH B HACToALEM nOCOBMM npu BBEAEHWM MOHSATUS
ycnosHon notepu 6eToHa.

9.2.2.3 Ha pucyHke 9.1 nokasaHO CHUXEHME MPOYHOCTU B COOTBETCTBUN C
ypaBHeHvemMm (9.1) Ha rnybuHy BnuaHus H. 3HaueHue koacdbdpuumeHTa n
yMeHbLUaeTca oT GeCKOHEYHOCTU (B MOMEHT ¢ = 0) Ao 0 (nocrne 6eCKOHEYHO
ANUTENBHOrO BPEMEHN). YCNoBHas noteps 6eToHa X onpegeneHa pacyeTom.
3HayeHve x cnepyeT BbIMECTb U3 LLUMPWHBI MOMEPEYHOTO CEYEHNS a, YTO AaET
3KBMBAJIEHT 3MIEMEHTa C HenoBpexaeHHbIM 6eToHoM. Takum oBpasom, aaxe
eCnn He MPOVCXOAUT peanbHOW noTepu ckonosluerocs GeToHa, Oyayliee
NOBPEXAEHNE MOXHO YYECTb NYTEM YMEHbLUEHUSI Pa3MEPOB MONEPEYHOrO
CEYEHUs1 ANEMEHTOB 3a CYET YCMOBHOW noTepn GeToHa. TonwmHa yCnoBHO
TepseMoro cnos 6eToHa pasHa rnybvHe BIUSHWSA, LENEHHON Ha 3aBUCALWLNA
OT BpPeMeHu nokasarenes (n+1).

H

e

fc=fck(1-(1—%)n)
N=fo(a-x)

x=H/(n+1)

~0
|

PucyHok 9.1 — OnpepeneHne ycroBHO TEPAEMOro 6eToHa

9.2.2.4 PeanbHoe paspylueHne 6eToHa Takke UMEET MECTO, U OHO B He
MEHbLUEN CTEMNEeHN 3aBUCUT OT APYrMX BO3MOXHbLIX BO3AEWCTBUWA, KOTOPbIM
noasepraeTcsa coopyxeHue. [lpoTouHas Boda, neaoxon, ABWXKEeHue
TpaHcnopTa W ApyrMe MpuuYMHbl YacTO SBMAKTCA  3aKMOYUTENbHLIMU
hakTopamy BO3AENCTBUS, OT KOTOPOro MPOUCXOAWUT paspyweHue. B
OTCYTCTBME NOAOOHbIX BO3LENCTBUA pPaspyLUEHWE MNOBEPXHOCTHOrO Cnosi
MOXKET MPOU3ONTU TOMbKO MOCNE NOMHOW NOTEPU MPOYHOCTU.

9.2.2.5 ToTepo KOHCTPYKTMBHO paboTarwero GeToHa Kak yHKLMIO
BpeMeHN MOXHO rpy6o onmncaTb C NOMOLLbIO NUHENHON mogenu. Ha pucyHke
9.2 npvBeaeHa nogobHas Moaenb, B KOTOPOW AENCTBUTENbHOE OTCnansaHue
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NPOUCXOAUT B HECKONbKO 3TanoB. OHM MOTyT GbiTe GOMNbLUIMMK UNU ManbiMU B
32BUCUMOCTU OT NPUCYTCTBUS WM OTCYTCTBUS XNOPUAOB unun abpasvBHOro
BosgencTsma. B 3TOM  MoAenu  NPOUCXOAUT  CrpAMIIEHUME  TOYex,
COOTBETCTBYHLUMX YKa3aHHbIM 3Tanam, B NMaBHbIM NWHENRHbIA npouecc. 310
SBNIEHNE MOXHO OOBACHWTL TEM, YTO B NPOMEXYTKaX Mexay 3Tanamm B
CTPYKTYpe 340poBoro 6eToHa NponMcxoauUT HEKOTOPOE YCIIOBHOE paspyLLEHMe.
CkopocCTb paspylieHust (noTeps KOHCTPYKTUBHO paboTaiowlero 6eToHa B
BbILLEONNCAHHOM NPOLIECCE) MOXHO ONPEAEnUTb, MPUMEHNB ypaBHeHue (9.2)
[11].

[y Mpegnen akcnnyataumoHHOM
3 NPUrOAHOCTK
o
3
>
Q.
[}
[
% '
I ’
s
O '
g
g .

. >

.

1]

1]
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| Pl ~i
™~ Bpewms N\

PucyHok 9.2 - Mogenb, oTpaxarowas notepro 6eToHa npu 3aMmopaxmBaHum

9.2.2.6 BnusiHMe TexHomorMu yxopa u Habopa NpOYHOCTH, BO3pacTa,
cojepKaHns BO3ayxa, MPOYHOCTM Ha cxatne 6eToHa petanbHO usydanu B
YCNOBUSIX 3aMOpPaXXMBaHUA B CONEBbIX pacTeopax [12]. Teopua n pesynbTathl
UCMbITaHUA BbINn Takke NepeHeceHbl Ha Cnydai YACTOro 3aMopadKMBaHWS,
MOCKOIbKY CKOPOCTb MoTepy 6eToHa BpaL NN MOXHO WU3MEpUTb, UCMONb3ys
METOAbl WCMbITAHUA Ha «YACTYI0 MOPO3OCTOMKOCTbY (6e3  conesbix
pacTsopoB).

9.2.2.7 ®akTopbl BO3AENCTBUS OKPYyXKaroLlen cpeabl YacTUYHO Obinu
nony4yeHsl No pesynsTaTtamM nonesbix UCrbiTaHui [11].

r = Cenv Ceur Cage a’’ (fox + 8)'1'4; (9.2)

s=n, (9.3)
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roe r  — CKOPOCTb paspylleHusi (MOTeps KOHCTPYKTUBHO paboTatoLlero

6eToHa, MM/TOa);

Cenv — KOIDMDULIMEHT BO3AENCTBUS OKPYXAOLLIEN cpesbl;

Cour — KO3(pUUMEHT TEXHONOMMN Habopa NPOYHOCTH;

Cage — KOSDDULMEHT CTAPEHWS, a = COAepKaHue Bosayxa, %;

fex —HOPMaTVBHasA KyOMKOBas NPOYHOCTb BETOHA Ha CkaTue B BO3pacTe
28 cyTok, MMMa;

) — NOTEPS KOHCTPYKTUBHO paboTaroero 6eToHa.

9.2.2.8 dopmyna mogenun (9.2) dABNAETCA BeCbMa KOHCEPBATUBHOMN
OTHOCUTENBHO MPOYHOCTN BeToHa Ha cxatve. CaepxuBaloLlee BRWUAHUE
MPOYHOCTMU Ha CXAaTUE Ha CKOPOCTb paspyLUEHNs MOXET okasaTbcs 60nbLINM,
Yem 3TO npepnonaraeT gopmyna. OAHaKO NpU OYEHb BBICOKUX NPOYHOCTAX
OeToHa Ha CXaTVe MOXET MPOUCXOAWTb JOMNONHUTENbHOE BHYTPEHHES
TpewpmHooBpasoBaHme, KOTOPOe He NOAAAETCH JOCTaTOMHOMY KOHTPOIIO.

9.2.2.9 KoadbdpuumeHT TexHonormm Habopa npoYHOCTU ONpEAEnsoT no
copmyne

1

Cour= 5 85%0, 17l0g,4(d)’ (9.4)
rae d — spemMsi Habopa NPOYHOCTY, CYTKU.
KoachbdmumeHT cTapeHns onpeaensiioT no opmyne
_ 1
Cage™ 1-0,045p-0,008p-0,001p;’ (9:5)

roe psf— AONSA MUKPOKpeMHe3eMa B obLUer Macce BsxyLuero, %,
Ps/ — AONA LOMEHHOrO rpaHLunaka B obLuUein macce BaXyLLUero,
pr— BONS 30nbl YHOCA B O6LLEN Macce BXKYLLEro.

9.2.2.10 KoahmumeHT BO3AENCTBUA OKPY>KalOLLEN cpeabl onpeaensioT
no Tabnuue 9.1.

Tabnuua 9.1 — Knaccudukauma ycnoBun 3HavyeHua koaddpmumeHTta
BO3ACUCTBMSA OKpYXKalowen cpeabl

Knacc Ycnosusa 3HaueHue
koadhuymeHTa
BO3AENCTBUA
oKpy>KatoLlen cpefbl
1 Becbma msixensie 80 - 160

MOpO3, CHer, nej, MHOrokpaTHble UMKnbl "3amopaxusaHue/
oTTaMBaHue", ConeHasa Boga Unu Conu - aHTnobneaeHuTenu,
konebaHus Temneparypbl U BNAXHOCTU, LUMPOTLI 60°+5°

2 Tspxenoie 40 -80
MOpO3, CHEr, Nnej, MHOrokpaTHble UWKnbl “"3amopaxusaHue/
oTTauBaHue", NOCTOSIHHLIN KOHTaKT ¢ Bogon (6e3 xnopuaos),
konebaHus Temneparypbl U BNAXHOCTU, LUMPOThI 60°+10°
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3 YmMepeHHbie 20-40
HOpMarbHble YCMOBUS Ha OTKPLITOM BO3AyXxe, Hanuune
3aMOpaXKMBAHWA U OTTanBaHWS, LIMPOThI 60°+£10°

4 Bnaeonpusimsbie <20
OTCYTCTBWE 3aMOPaXNBAHNA 1 OTTauBaHms

9.3 NoBepXHOCTHbIE NOBpPEXAESHUS

9.3.1 Bugbl noBpexaeHun

9.3.1.1 lop, nospexaeHnemM noBepxHOCTU BETOHHbLIX KOHCTPYKLIMI 34,ECh
MOHMMAIOTCA  PasfnuYHble  TUMbl  MEXaHU3MOB  M3HOCa  COOPYXKEHUN,
HaxoAsaLWMXCA Ha OTKPbITOM BO3AYXEe, WCKIOYasi MOPO3HYK arpeccuio,
KOTOpasi MOLENUPYETCA HE3aBUCMMO. 3TV MEXaHW3Mbl MPUBOASATCH B
AEencTeme nog BNUAHUEM, Hanpumep, konebaHuii TemnepaTtypbl ¥ BNaXKHOCTY,
BbILLENa4YMBaHNA MUHEPANOB U3 CTPYKTYpbl GETOHA 1 PM3MUECKOro CONEBOro
nsHoca.

9.3.1.2 ExepHeBHble konebaHuWa TemnepaTypbl, OCOBGEHHO Ha
MOBEPXHOCTAX, OTKPbITHIX BO3AEWCTBUIO COMHEYHON paguvaumn, npuBoasT K
NOCTENEHHOMY TpeLuMHooBpa3oBaHuo B 6eToHe B 30Hax yrnos. Luknbl
yBNaXHeHWs W BbICbIXaHWfl,  COMPOBOXAAEMble  KIUMATUYECKUMMW
N3MEHEHUSAMW BNaXKHOCTU, TakKe NPUBOAAT K 06pasoBaHnio MasbiX TPELLUMH 1
K HebonbwMM  U3MEHEeHWSM  nopuctocT ©GeToHa. 3TM  ABneHus
NPOBOLIMPYHOTCH BO3MOXHbIM HECOOTBETCTBUEM Ka4yecTBa 3anofnHUTENen u
CTPYKTYPbl LIEMEHTHOrO KamHs.

9.3.1.3 Boma Ha KOHTaKTE€ C NOBEPXHOCTLIO 6eToHa Bbi3bIBAET
BbILLEMNayMBaHe MWHepanos, BXOAAWMX B coctas OetoHa. [loTteps
MaTtepuana BO3pacTaeT C BO3HWKHOBEHWEM XUMWYECKUX peakuuin 3TUx
MWHEpPasoB C pacTBOPEHHbIMM B BOAE rasamy 1 noHamu, Hanpumep, CO2, SO2
1 Mg?*. [IBMXeHWe BOAbl YBENNYMBAET CKOPOCTb NOTEPU MaTepuarna.

9.3.1.4 Conesoe paspylweHue O6eTOHa BO3HMKAET WU3-32 Hanuyus
MEXaHW3MOB, OTHOCALLMXCA K SIBEHUIO KpUCTannuMsauum conem B nopax
GetoHa. K aTum mMexaHnsmam B OBbIYHbIX YCIIOBUSAX OTHOCAT KanuinspHbIA
MOACOC CONMEHON BOAbI U3 rPYHTa UK U3 MOPS; 3a 3TUM crielyeT obpasoBaHve
CONEeBbIX KPUCTanNMoB B NMopax W KaBepHax, NpPoUCXoAsaLlee npy ucnapeHun
BO/Aibl. AHaNOrMYHbLIA MEXaHW3M cpabaTbiBaeT NpY pacLUMPEHUN Unu ycaake
KpUCTannoB COMKW, MPOUCXOAAWLMX B  pesynbTate rugparauymm  unm
Aervaparauum, 4To NPUMBOAUT K 0Opa30BaHWI0 TPELLUMH U paspyLUeHnio Tena
BeToHa.

9.3.2 MoaenuposaH1e NOBEPXHOCTHBIX NMOBPEXAEHNN

9.3.2.1 MNoHATve ycnosHoW noTepu GeToHa, koTopoe Obino BBELEHO B
CBSI3W C CO3AaHVEeM MOAENW MOPO3HOW arpeccun (CM. 9.2.2), NpUMeHSIoT
TakKe W B MOAEMN MNOBEPXHOCTHBLIX MOBPEXAEHWA. ITO O3HAa4YaeT, 4To
ocnabneHne 6eToHa B YrNOBbIX 30HaX KOHCTPYKUMKM YYMTbIBAOT B BUAE
COOTBETCTBYIOLLEN YCNOBHON NOoTepu BeToHa.
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9.3.2.2 CHwxkeHne Hecylen cnocoBHOCTM KOHCTPYKLMKN ONpPefensioT He
MO CHWXEHWIO MPOYHOCTK, a MO NOTEPsM Nnowaan pabodyero NonepeyHoro
ceyeHus.

MpoHnuaemocTb 6GeTOHa, BO3MOXHO, SBMSETCS Haubonee BaXHbIM
CBOWCTBOM, BMVSIOLMM HA  JOMArOBEYHOCTb  KOHCTPyKUMA.  CKOpOCTb
NMPOHUKaHWA BOAbl N PACTBOPEHHbIX B HEN BPEAHbIX peareHTOB 3aBUCUT OT
MPOHMLAEMOCTM TaKkKe, KaK U CKOPOCTb BblMbIBaHUS M3 GETOHa BadKHbIX
MuHepanos. MpoHMLaeMocTb 6eToHa, Takum 0BpasoM, OKasbiBaeT BRUSHUE
Ha ero NPOYHOCTb Ha CxXaTue.

9.3.2.3 [Ina 6eTOHOB CpepHen 1 BbICOKOW Mpo4HOCTM (30 — 100 MMa)
CKOPOCTb pacnaga (noteps KOHCTPYKTUBHO paboTarowlero 6eToHa) cuntaeTcs
NOCTOSIHHOM 1 0BpaTHO NPOMNOPLMOHANBHON NOKa3aTEND CTENEHN NPOYHOCTU
BeToHa Ha oxaTture. icnonb3osaHne nokasartens creneHu (-3,3) o3Ha4vaeT, uYTo
yABOEHWE MPOYHOCTU CHIDKAET CKOPOCTb MoTepu BeToHa Ha OfHy AECATYIO.
[ns OLUEHKU CKOPOCTY pacnaga NPUMEHSIOT ypasHeHve (9.6) [8]

r= Cenchurfck_3'3, (9.6)

roe r  — CKOPOCTb pacnaga (noTepst KOHCTPYKTMBHO paboTatoero 6eToHa,
MM/rog,),
Cenv — KOO (PMLMEHT BO3AENCTBUSA OKpYKatoLLen cpegbl,
Cour — KOAPOULIMEHT TEXHOMNOMMM yXog2a n Habopa NPO4YHOCTH,
fox — HOPMaTMBHas (KybukoBasi) NPOYHOCTb BETOHA Ha CxaTue.

9.3.2.4 CkopoCcTb pacnajga HaxogWTCA B TECHOW CBSA3W C YCHNOBUSIMU
BO3LENCTBUA OKpyxaroLen cpegbl. Cpok cnyxObl BbICOKOMYHKLMOHANbHOIO
fOeToHa B 3aBUCHMOCTM OT OKPYXKaloLLMX ycnosuii Moxet konebartbcs ot 10
net Ao 10 munnvoHos neT. KoadduLMEHT BO3AENCTBUA OKPY>KatoLLEen cpeabl
OnpeLensaoT C UCMOb30BaHNEM Tabnuubl 9.2.

Tabnvua 9.2 — Knaccudukauma ycnoBuin U 3HaueHus koadpcpuumeHTa
BO34eNCTBUA OKpYXKalolen cpeabl

Knacc Ycnosust 3HaueHve
koadpdumymneHTa
BO3JeNCTBMS
OKpy>KaroLLen cpeapl
1 Becbma msixensie 100000 — 500000

«ycnosusi MNepcnackoro 3anuear, WMPOTbl 20°+10°, Mopckue
COOPYXXEHUSI UMN COOPYXXEHWs1 B Mpejenax KanunnspHoro
noAbeMa CONeHbIX MPYHTOBbIX BOA, konebaHna Temneparypbl
W BMEKHOCTU

2 Tsxenble 10000 — 100000
MOpCKME COOPYXXEHWUS UNN  COOPYXeHus B npejaenax
KanunnsipHoOro NoAbema CONeHbIX rPYHTOBbIX BOJ, LUMPOTbI
40°+10°, konebaHuns TeMneparypbl U BNaXHOCTU

3 HopmarbHbie 1000 - 10000
HOpManbHbIe YCNOBUSA HA OTKPLITOM BO3Ayxe, HeGonbluve
KknumaTtudeckme konebanus, wmpotbl 40°+10°
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4 BrnazonpusmHere <1000
MOCTOSHHO CyXOW BO34yX, OTCYTCTBUE NPAMOrO COMHEYHOro
ocBeLeHns

9.3.2.5 dopmyna pna oTbickaHUa ko3ddUUMEHTaA TEXHOMOrMM yxoga u
Habopa MPOYHOCTU Takas e, Kakyld WCMonb3oBanu B MOAENM MOPO3HOW
arpeccun (ypasHeHue 9.4).

9.4 AGpa3uBHOe BO3geNCTBME Nbaa Ha 6eToH

9.4.1 Buabl NOBPEXAEHUN

9.4.1.1 BeToHHOe npubpexHoe COoopyXeHWe B YCMNOBUAX ApPKTUKA
noaBepraeTca BO3LEVNCTBUIO pPasnUUHbIX JerpagaumoHHbiX ¢akTopoB. B
3aBUCUMOCTY OT CBOEI NPUPOAbI, OHW KIACCUULIMPYIOTCA Kak MEXaHUYECKUe,
PU3NYECKME NN XUMUYECKME.

9.4.1.2 Cpean XMMUYECKMX  U3MEHEHUI, NPOUCXOAALUMX  MOA
BO3AENCTBMEM MOPCKOW BOAbI, MOXHO HasBaTb MPOHUKHOBEHWE XMOpUL0B U
pacTBopeHMe u3BeCTU. Pusnyeckme U3MEHEHUs TMpU  MHOMOKPaTHOM
3aMOPaKMBAHAM M OTTaMBaHUN CBOASATCA K OOPasOBaHUIO MUKPOTPELLVH.
OpHako peliaroLlee BNUsHWE Ha NPOLECC paspylieHus 6eToHa B yCnoBusx
ApPKTVKM NOYTU BCErAa OkasbiBaeT abpasuBHOE AENCTBUE NbAa.

9.4.2 MopenuposaHue abpa3vBHOro BO3AENCTBUS Nbja

9.4.21 MexaHuam abpasvBHOrO BO3JEWCTBMS INbAa, BCTyNnawwuin B
LEeNncTBre Npu yaape neasHbiX Nonen 0 NOBEPXHOCTb BETOHA, COCTOUT U3 Tpex
3NEMEHTOB. WNCTUMPaHWE LEMEHTHOrO KamHsa (pucyHok 9.3(a)), uctupaHue
LIEMEHTHOrO KaMHsi U OTpbiB BbICTynawwero webHsa (pucyHok 9.3(b)) n
UCTUPaHNE LIEMEHTHOrO KaMHsi npu ocnabfeHHOM CLENMeHUn Mexay
KPYMHbIMW 3epHamy LWEBHA U LEMEHTHbIM KaMHEeM Npu 3TOM cuenneHve
nafaeT HacTonbko, YTo WebeHb BbibMBaETCA NpU NEPBOM yAape NbAWHbI
(pucyHok 9.3, c) [13].
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PucyHok 9.3 — Abpa3nBHble MexaHu3Mbl [13]

9.4.2.2 'ny6uHy abpa3nsHOro paspyLueHs 6eToHa apKTUMECKNX MOPCKUX
COOPY>XEHUA MOXHO MOACHMUTAaTb KaK MOMNHY CyMmy rny6uHbl abpasuBHOrO
paspyLlleHns LEMEHTHOrO KamHs, OMPeAEneHHOW Ha  NefoKONbHbIX
UCMBITAHUAX B OTKPLITOM MOpEe, W pPasmepoB LEGEHOYHOTO  KaMHS,
BbIPBAHHOIO C NOBEPXHOCTU GeToHa. CKOpOCTb pocTa rnybuHbl abpasvBHOTO
paspyLUeHUs LIEMEHTHOrO KamMmHS ONPEAENsIoT NO pesynbTaTtaMm NeAOoKONbHbIX
UCnbITaHWM crneayowmum obpasom

_3
fok

b=—5 (MM/KM) (MEXaHU3M a) (9.7)

rae s — nepemMeLLeHne NeasHoro nons, KM,
fek — HOpMaTMBHas KyGukoBas NPOYHOCTb 6eToHa Ha Cxkatue, MIMa.

9.4.2.3 lMonHyto rmybuHy abpa3neHoro paspyLueHus 6etoHa (ABR) MOXHO
onpeaenvTs no gopmyne

ABR=}",a; jjg; Rs+(1-Y'a))b (MexaHnam b) (9.8)

rae a — [ons kamHe 3anonHuTens paanycom R B obveme 6eToHa;
Ns — YUCNO YAaPOB NeAAHOrO NOMsA NPy ero NepemMeLLeHunm;
N1 — YNCNO yAapoB, OTPbIBAKOLLMX arperaTHbln kKameHb (Lo/R = 1),
b — CKOpPOCTb abpasnBHOrO paspyLUEHNS LIEMEHTHOIO KamHs, MM.

9.4.2.3 ABpasnBHOE paspylleHWe Kak YHKUMS ABMXKEHUA NeasaHbIX
nonewn, nogcuutaHHoe no copmyrne (9.8), B Buae rpadmka nsobpaxeHo Ha
pucyHke 9.4. KpuBble abpasvBHOro paspyLleHus crnpaBeAnuBbl Npu yCrnosum
HOPMAarnbHOro pacnpegeneHvs 3anonHuTenen B 6eToHe.
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9424 Bce nNONOXEHWA HACTOSILLEro pasgena cnpasBeanvebl AN
6eToHOoB, 06nagaroLLmMx CTPOro OnNpeeneHHbIM COYETaHNEM XapaKTEPUCTUK.
Momumo TpeBosaHnin No obecneyeHno NPOYHOCTY Ha cxxaTue fu=40, 60, 80,
100 MMa, npeanonaraetcsi, 4To NPOYHOCTb BETOHa Ha pacTsXeHUe fot AOMKHA
ObiTb He mMeHee 10% nNPOYHOCTU Ha OXaTuve, a cuna cuenneHus Mexay
3anonHUTensSMn fomkHa Obitb He MeHee 90 % npodHocTn 6eToHa Ha
pactsxxeHvne [13]. U3 pucyHka 9.4 BUAHO, YTO MNOCMEAHWIA YNEH YpaBHEHUs
(9.8) no mepe yBenuueHus NepemeLleHun neanH npuobpetaeT Bce Gonee
onpeaenswLee sHa4ueHme.

120
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Q40
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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PucyHok 9.4 — AGpa3usHoe pa3pylleHne 6eToHa C MPOYHOCTBLIO Ha cxatue fok = 40;
60; 80 1 100 MIMa kak ¢byHKUUA NepemelleHUs neasHbIx nonen [13]
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9.4.2,5 Ecnun cuenneHne mexay 3anonHuTenem v LUeMeHTHbIM KaMHeMm
HapyLLEHO nog LEeNCTBNEM MHOTOKPaTHbIX LMKNOB
«3aMopaXunBaHne/oTTanBaHney, rnyouHy abpa3viBHOrO paspyLUeHUs MOXHO
onpeaensaTs no opmyne

ABR=—1_23

e S (MexaHun3m c) (9.9)

roe s — nepemMeLleHve negsHbIxX Nonew, Km;
Za; — o0LWMiA NponopuMoHarbHbI 00BEM 3anonHUTens B Tene GeToHa.

9.4.2.6 B KOHCTPYKTVBHOM pacyeTe >Xene3obeTOHHbIX COOPYXEHWUA Ans
onpegeneHnss CKOpocTU abpasuBHOro paspyLUeHWs MOXHO WCMOMb3oBaTb
cneayroLme OpueHTUPOBOYHbIE 3aBUCUMOCTU:
1) €CINKn 3anonHUTesb NPU MOPO3HON arpeccun He TePSeTCs:
d(ABR) _ 3p'

7 av, MM/TOA; (9.10)

2) €CNV 3anomnHUTENb NPW MOPO3HOW arpPeccuy TepsieTcs:

dABR) _ 3
7 _p’fckv‘ MM/Tog, (9.11)

roe v — nepemelleHue neasHoro nons, KM/rog,

p' — obWWA NponopuMOHanbHbIN OObEM LIEMEHTHOTO KaMHS B Tene
OeToHa, Bknouaa wWwebeHb pasmepom A0 4 Mm (~0,4-06 B
3aBNCUMOCTU OT cocTaBa HETOHHOW CMecK),

fox — HOpMaTUBHAA KybuKoBasi NPOYHOCTL BeTOHa Ha cxaTtue, MIMa.

MepemelleHe negsHOrO NONA MOXET AOCTMraTb B 3aBUCUMOCTU OT
CKOPOCTU BETPA U MOPCKUX TeueHun 10000 km/rop,.

9.5 Kopposus apmatypbl

9.5.1 Ponb GeToHa B 3awmTe apmMaTypbl

9.5.1.1 B3aumHas pabota 6eToHa 1 apmaTypbl YaCTUMHO OCHOBLIBAETCH
Ha Tom obcroaTenncTBe, 4YTO ©OeToH ofecneumBaeT apmatype Kak
XUMUYECKYIO, TaK U (PU3MYECKYIO 3alUMTy NPOTMB KOPPO3UKN. XUMUYECKOE
sawmTHOE aencTeue 6eToHa 0ByCnoBnMBaeTCS ero LWENoYHOCTLIO,  KoTopas
npMBOAMT K OBpasoBaHWMIO Ha MOBEPXHOCTWU CTanv MieHKW OKCUAoB. ITO
SIBNEHNE Has3biBAlOT Maccueaumein MOTOMY, YTO [MNEHKa OKCUAOoB
npeaoTBpallaeT pacnpocTpaHeHne kopposun. Kpome atoro, ©GeToH
obecneuvBaeT (pusmueckylo 3awuTy Ccrtanu, cnyxa 6apbepoM npoTus
peareHToB, CrocoBCTBYHOLLMX BOSHUKHOBEHUIO KOPPO3UKM, Hanpumep, NpoTus
BOZ,bl, KMCNOPOZa 1 XNOopuaos.

9.5.1.2 B 0ObI4HbIX %ene306eTOHHbIX COOPYXEHUSIX, PaCcnONOXEHHbIX Ha
OTKPbITOM BO3AyXe, KOPpO3NA apMaTypbl HAYMHAETCA TOMbKO Toraa, Korga
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HauYMHAKTCA U3MeHeHUa B GETOHE, OKPYKaloLEM apMaTypy. OTU U3MeHeHus
MOMYT WMETb (OU3NYECKUA XapakTep, KOraa npouCXOAMUT, Hanpumep,
pacTpeckusaHue 6eToHa 1 ero paspyLleHne ¢ ObHaXkeHMEM YacTu CTanbHOIO
CTEPXHSA U OCTaBNEHNEM ero 6e3 UsnHeckomn N XMMMYeckon sawmTbl 6eToHa.

9.5.1.3 B 6eTOHe, OKpyXkalOLIEeM CTasnibHOA CTEPXKEHb, MOIYT Takoke
NMPOVUCXOAUTL WU XUMUYECKME W3MEHEHUS;, Haubonee BaXkHble WX HUX
cnepylowme:

-  kapboHusaums GeToHa, Bbi3blBaeMas [AMOKCMAOM  Yrnepoaa,
coaepXaLwmmca B BO3AYXE,

- MPOHWKHOBEHWE B OETOH arpeccuMBHbIX aHWOHOB, B OCOGEHHOCTU
XIOpWAOB.

Kap6oHusauma npepcraBnseT cobOW peakumio fuokcuaa yrnepoga (B
BO3gyXe) C rMapaTMpPOBaHHBIMU LIEMEHTHBIMU MUHepanamu B 6eToHe. 370
SBNEHNe NPOUCXOAUT Ha BCEX OTKPLITBIX MOBEPXHOCTsIX 6eTOHa, Bbi3biBas
noHwxeHve pH B 6eToHe kapOOHN3NPOBAHHOW 30HbI. B kKapBOHU3MpPOBaHHOM
6eToHe 3aliMTHas NacCMBHAA NMEeHKa Ha NOBEPXHOCTU CTanu paspyLlaeTcs,
OTKpbIBas NyTb KOPPO3U. BpeaoHOCHOE BNUSHUE XOpUA0B OCHOBAHO He Ha
NOHWKEHMM PH, @ Ha 1X CNOCOBHOCTY MHBIMW NYTAMU PaspyLUMTb MaCCUBHYIO
MIEHKY.

9.5.2 MogenvpoBaHue Koppo3un apmaTypbl

9.5.2.1 OTHOCUTENBHO CpOKa CNyObl MOXHO BbIAENUTL ABA NPEAeSbHbIX
COCTOSIHUSA (PUCYHOK 9.5):

1) Cpok cnyxBbl 3akaHuYMBaeTCA NpU AernaccuBauvu Cranu. ITuMm
npasunom O6bIYHO MONb3YTCA MpU BCEX BUAAX XIOPWUAHOW KOpPO3uw,
MOCKOSbKY CKOPOCTb MEHeTpauuMu npu NOKanbHOW arpeccum Bce elle
JOBOMbHO TPYAHO OMNPEAENUTb U CTENEHb HEONMPEAENEHHOCTU OTHOCUTENBHO
ANUTENbHOCTN nepuoja pPacnpPOCTPaHEHUS KOPPO3UM AOCTATOUHO BbICOKA.
Takum o6pasom, Cpok CryxObl OrpPaHUYEH TOMbKO HayanbHbIM NEPUOAOM
KOppOo3uu (BpeMsi, Koraa arpeCCuMBHbIN peareHT OCTUrHET NOBEPXHOCTM CTanu
1 HaYHET MpoLecc AenaccmBaLum).

370 ke NpaBuIIo NPUMEHUMO ANS BCEX BUAOB NpeHanpsi>KeHHbIX CTanen.
Pacrarnsatome HanpskeHust B Myykax oBblMHO HACTONBKO BLICOKU, YTO HE
JLONYCKAETCA HUKAKOrO CHWKEHMS NMOLL@AMN MOMEPEYHOrO CeUYEHNS NPOBONOK,
MOCKOSbKY B pe3ynbTaTe NOBEPXHOCTHON KOPPO3UM 3HAUMTENbHO BO3pacTaeT
puck obpbiBa.

Ans Tex cnydyaes, Koraa He AONYCTMMA HUKakKasi Kopposusl, NONb3ylTCA
chopmynon

L=t (9.12)

roe f = cpok cnyxObl;
to = BpeMs Hadana Kopposuu.
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MpepensHoe cocTosHne

Pa3sButue kopposun

[P s P |
N S ~1
Bpemsa
PucyHok 9.5 — OnpepfeneHune cpoka cnyx6bl No cTeneHn KOPPO3umu apmarypbi

2) MNpepenbHOe COCTOSHUE ONPeAenseTCs PaCTPECKMBAHUEM 3aLLMTHOMO
cnos 6eToHa, NPONCXOAALMM U3-3a HANUYMS OKCUAOB, KOTOPble 0BpasyoTcs
B rpouecce kopposun. B aTom cnyyae cpok cnyxObl BknoyaeT B cebsa
HEKOTOPbIA NEepuvoA  PacrnpoCTPaHEHWs] KOPPO3UM, B TEYEHME KOTOpPOro
nnowaab MOMEPEYHOro CeYeHWs apmaTtypbl HemnpepbiBHO COKpallaeTcs,
cuenfneHne mexay apmaTtypon n 6eToHOM napaeTt, a pabouas nnowagb
MonepeYHoro ceveHust 6eToHa YMEHbLLAeTCs Mu3-3a OoTcnavBaHus GeToHa
3alMTHOrO crnos. Takon noAaxoa MPUMEHSIIOT B TeX cnyyasx, korga ofuwas
KOPPO3usi NpOTEKaET U3-3a kapBGoHu3aumm.

9.5.2.2 Cpok cnyx6bl, onpeaensaemblii Mo akTy pacTpeckvsaHus 6eToHa
3aLLMTHOrO CMOS, HAaXOAAT Kak CyMMY BPEMEHWN Ha4yana KoOpposuM U BpEMEHU
pacTpeckuBaHusl 6eToHa A0 OnpeAeneHHOro npeaena

L=to+18, (9.13)
rae t— Bpems pacnpoCTpaHeHus.

Bpems pacnpocTpaHeHus ! 3akaHuMBaeTCsl, Koraa AOCTUraeTcsl Hekas
MakCUMMaribHO AONyCTUMas MoTeps NMOWAAN MONePeyHoro CeYeHusi, Uim
NPOUCXOAMUT NOTEPSA CLISMNEHUS, UKW LUMPWUHA PacKpbITUA TPELLMH focTuraeT
OnpeAeneHHoro 3HavyeHusi. YncnoBsbie 3HaYeHns aTUX KPUTEpPUEB 3aBUCAT OT
KOHKPETHbIX JeTanen n reoMeTPUYECKNX XapaKTEPUCTUK KaXKAOro aneMeHTa.

9.5.2.3 Ecnu TpeLumHbl 06pasosBanncb B CAMOM Havane cpoka cnyxésbl, To
BpPEeMs Hayana kopposum fo, GyaeT ropasao 6onee KOpOTKUM, YEM Ha yJacTKax,
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rae TPEeLMHbI OTCYTCTBYHOT, BO3MOXHO Aaxe, uTo fo = 0. B aTOM Crniy4yae MoXxHo
3anucare:

b=t (9.14)
rae t — Bpems CBOGOAHON KOPPO3MM.

Hwxe npuseaeHbl Mopenu, nossonawowme onpegenutb fo U & lpu
pa3paboTke 3TMx Mmogenen Gbino caenaHo NPEANONOKEHUE, YTO NOBEPXHOCTU
6eToOHa He MMET Kakoro-nubo 3aWWMTHOrO NOKPbITUS U He 06paboTaHsbl
repmeTukamm.

9.5.3 Ha4yano kopposuu

9.5.3.1 XnopuaHas kopposus

9.5.3.1.1 HaubGonee o6WMA WUCTOUHUK XNOPUAOB — MOpcCKas Boja
(NpuBpexHble parioHbl) U Conu - aHTMobneaeHuTenn. XnopuaHoie 06aBku B
©ETOHHYI0 CMECH 3L,ECh HE paccMaTpuBaloTCS.

9.5.3.1.2 MpK NPOHUKHOBEHUN XJOPUAOB B GETOH UX KOHLEHTpauus no
mepe 3arnybneHwss napaet, obpasyetca rpagueHT. 3a BpemMsa Hadana
KOppO3UM MPUHUMAKOT BPEMSA, B TEYEHWE KOTOPOro  KpuTUYeckas
KOHLIEHTpaums XJIOpUAOB (NOPOrOBOE 3HAYEHWE) JOCTUIaeT MNOBEPXHOCTU
apmatypbl U genaccusupyeT ee. MpagueHT KOHLUEHTpauuMmn XrnopuaoB 4acto
ONMCbIBAKOT  Kak  (pyHKUMOHanbHy0o Moaens owubkn (erf), koTopas
MOAYMHSIETCS YCIOBUIO BTOPOro 3akoHa auddysumn duka

C,=Cs {1-erf{2(m,,2}} (9.15)

rae Cx— coaepxaHue XyIopyMaoB Ha rinybuHe X,
Cs — KOHLIEHTpauus XropuaoB Ha noBepxHOCTH 6eToHa,
X — rnybuHa OT NOBEPXHOCTU KOHCTPYKLIMKA,
D — koadbdpuumeHT anddysun,
t —Bpems.

9.5.3.1.3 Bpemsa Hauana koppo3nm MOXHO NOMy4nTb U3 opMyrbl

Cin=Cs {1 o {357 ),,2}} (9.16)

roe Cin — KpUTUYECKas KOHLEHTPaLMs XNOPUAOB,
C — TONWWHa 3aLMTHOrO CNos,
fo —Bpema Hayana KopposUN.

Wcnonbays napaBonmyeckyto yHKLMIO, (OpMYny MOXHO YNPOCTUT!

Cy=Cs {1 (9.17)

_;}
2(3DH 12}
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nocne yero opmysy AN ONpeaenieHns BpeMEHV Havana Kopposun MOKHO
3anucarb B CNegyroLEM BULE:

_ 1 c 2
t"_%{ﬁ(cm/cs)’/?} ' (9.18)

9.5.3.1.4 MHorve cTaHgapTbl M HOPMbl OrpaHVYMBalOT MOPOroBoe
3HayeHue koHueHTpaumn (CI) 3HaveHvem 0,4% Maccbl LEMEHTa AnA
06bIuHOrO ene3obetoHa u 0,2 % — NS NpegBapUTENbHO HAMPXXEHHOTO, YTO
npuénusutenesHo cooTtBeTcTByeT 0,05% — 0,07% Macchl 6eToHa (0,025% —
0,035 % — ang npegHanpskeHHoro 6eToHa).

MpakTuka nokaseiBaeT, YTo 3Ha4YeHUs Cs, Ha paHHen CTaaun 3aBUCAT OT
BPEMEHMN, OAHAKO Yepe3 HECKONbKO NIET OHU AOCTUralT makcumyma. [Ans
YNPOLWEHMS pacyeToB €€ OObIMHO MPUHUMAIOT MOCTOSHHOW. HopmanbHble
3HauyeHus nexar B npegenax 0,3-0,4 macchbl 6eToHa.

KoadbdpuumeHT aundbdpysnm NpuHAMAIOT NpUBAN3UTENBHO paBHbIM 107 —
108 cm?/c.

9.5.3.2 Koppo3noHHOE pacTpecKknBaHWe HanpsaraeMon apmaTypsbl

9.5.3.21 K cuacTblo, $BREeHUE pacTpecKuBaHus MNpu KOPPO3UM
npeaHanpsKeHHOW apMaTypbl  AOCTaTOMHO peako.  Kopposua  MOXeT
MPOVUCXOAUTE B MPOBOMOKaX  MPEAHANPSIKEHHbIX  MYYKOB,  KOTOpble
NMOABEPXKEHbI BO3AEACTBUIO PEAreHTOB, €€ Bbi3blBaOLWMX, YTO BeAeT K
XPYMKOMY Pa3pyLLUEHUO B YCMOBUSAX MOYTU NOMHOMO OTCYTCTBUSA Kakux-nubo
noTepb B NNOWaau nonepeyHoro ceuveHna. Kopposusi HanpspkeHHbIX
3NEMEHTOB Pa3BUBAETCH N0 NOBEPXHOCTHLIMU TPELLMHaAMU AaxKe MPU OYEeHb
Marnon LUMPUHE PacKpbITUS.

9.5.3.2.2 [InA BO3HUKHOBEHMSA MOBEPXHOCTHbIX TPELUMH, MOA KOTOPbIMM
MOXET pPas3BMBATBCA KOPPO3WSA HamnpsKEHHbIX SINIEMEHTOB, HeobXx0ouUMo,
yToBbl Ha OTAENbHbLIX Y4YacTKax MpousoLLna orpaHWYeHHas aenaccusaums
ctanu. loaToMy 3awmTa npeaHanpsKeHHONW apmaTypbl OT BO3AENCTBUA
arpeccuBHbIX peareHToB — HeobxogumenLlee ycnosue obecrneveHuns ee cpoka
cnyx0Obl, KOTOPbIA BCerfga OrpaHNYeH BPEMEHeM Hadana kopposuu. Yto
KacaeTcs NPOHMKHOBEHWA XMOPWAOB, MpasBuna pacdeTa, W3NOXeHHble B
9.5.3.1, MOryT GbITb NPUMEHEHDI 1 K MPejHANPSHXEHHON apMaType.

9.5.3.3 Kopposus, BbidbiBaemasi kapboHmsaumein

9.5.3.3.1 nokcng, yrnepoaa us Bo3ayxa NpoHNKaeT B 6eTOH, HeNTpanuays
ero LWenouHyr cpeay W obpasys (poHT kapboHusauuu, KOTOPLINA
nepemewyaetca Brnybb Tena GetoHa. Korga 3ToT OpoHT kapGoHuM3aumm
JOCTUraeT apMaTtypbl, MACCUBHAA NNEHKa Ha NOBEPXHOCTM apMaTypbl TepseT
CBOKO CTabWNbHOCTb W PacTBOPSAETCH, WHULMMPYA npouecc OObIMHON
koppo3uun. 3a Bpems Havana Koppo3uv NPUHUMALOT Bpemsi, Heo6xoamMmoe ans
3aBepLUeHus kapboHu3auum 3awmTHoro crnos 6eToHa.

9.5.3.3.2 OO6bIMHO CKOPOCTb KapbOoHW3aLMWM CYUATAKOT CBA3AHHON C
KBagpaTHbIM KOPHEM 13 BPEMEHMU:
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d=Kdt'"?, (9.19)

rae d — rny6uHa kapboHm3aumm 3a Bpems ¢,
Kc— koatchuupmeHT kapboHnsaumm,
t —Bpemsa unu BO3pacT.

9.5.3.3.3 Bpems Hauana kapGoHM3aLmMm MOXHO OnpeAennuTb no dopmyne

a)? 9.20
to={ic} - (9.20)

9.5.3.3.4 KoathcpuumeHT KapOoHM3aLmMm 3aBUCUT OT MNPOYHOCTU GeToHa,
TiNa CBS3YIOLLErO, COfepKaHUsa LIEMEHTA U OT YCIOBUIA OKPY>KatoLLei cpeabl
(BnaxxHoCcTb W Temneparypa). [nsi ONUCaHWs CKOPOCTU kapBoHusauum
CYLLECTBYET HECKOMNbko chopMyn. HekoTopble u3 HUX aHanuTuJYeckue, apyrue
— aMNUpUYECKMe.

OcHoBblBassiCb Ha nepBoM 3akoHe ODuka, OnpeaenslT  riyduHy
kapBoHusauuu [14] no dpopmyne

_ PDo(C4-C2) , J7?
x= (el I (9.21)

rae x —rnybuHa kapOoHM3aumm, Mm;
a — KONMWYECTBO LLEMNOYHbIX BeLecTs B 6eToOHe,
D:. - adpdektmBHbIn Ko3tbpuumeHT aucbdysum CO2 npu  AaHHOM
pacnpegeneHuy BRaxHOCTU B nopax, M/c;
C—C2 — pasHoCTb kOHUeHTpauum CO2 B BO3fyxe W MO OPOHTY
KapGoHusaLumm, Kr/m3;
t —Bpewms.

9.5.3.3.5 3TOT MareMaTuyeckuin annapaTt MOXeT GbITb pacnpoCTpaHeH Ha
crnyyan nepemMeHHbIX LMKIIOB CMaduBaHusi U BbiCbixaHus [15]. Bo BnaskHbIX
ycnosusix opoHT kapboHu3aumMm HenoaswxeH. B nepuoa BbiCbIXaHUA Bnara
UCMapsieTCsl, YeM COCODCTBYET NPOABUKEHMIO (DPOHTa KapboHUsaumm.

CornacHo [15], Bpems t B ypaBHeHMU (9.21) 3amMeHSETCA Ha ler, KOTOPOE
onpeaensiioT cnepyLwmm o6pasom:

X

tor={tertta () Haot-tar (1) 022

D, (C3-Cy) 72
B:f(T34) ’ (9.23)

rae Xn» — rnybuHa kapboHn3aumm nocne n-ro LyMKna CMavnBaHUs U BbICbIXaHUs,
M;
tan — NPOAOIMKUTENBHOCTb N-Or0 NEPUOAA BbIChIXaHNS;
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Dy — achchexTuBHbIN KO PULMEHT Anddy3anm Anst BOAAHBIX NApOB Npn
JAAHHOM pacnpegeneHun Bnaru B nopax, m2/c;

Cs+~Cy — pasHOCTb BRAXHOCTEN B BO3Jyxe M MO  (OPOHTY
ucnapeHus, Krim*;

b — KONMMYECTBO BOAbI, UCMapsaKLLeics U3 GeToHa, Kr/m®.

Ecnn  npoaosi<UTenbHOCTb NEPUOAOB  BbICHIXAHUS W YBINaXHEHUS
O[lVHaKOBa, TO Bpems, NpoLUe/LLIee 3a N LUMKIOB, paBHO

th=nta+(n—-1) tw, (9.24)

rae tw— NPOAOIMKUTENBHOCTL NEPUOLOB YBaXKHEHNS,
s — MPOJOMKUTENBHOCTL NEPUOAOB BbIChIXaHUA.

9.5.3.3.6 TeopeTnyeckas MoOAenb, OCHOBaHHaa Ha npuHUMNe
«MOABWXHBLIX rPaHWL» npueBeaeHa B [16]. 3Ta Teopus paccmaTpusaeT
Andy3nOHHBIE NPOLIECCHI B YCIOBUAX HEYCTOMYUBOro CoctosiHus, rae CO2
BCTYNaeT B peakumio ¢ 6eTOHOM TakumMm 06pa3oM, 4TO 6ETOH BbINOMHSET Posb
«oTcTonHmka» ana CO.. Ewe ogHa TeopeTuyeckas Mofernb, onvcbiBaroLas
COBMECTHOE [AEWCTBME MOPO3HOW arpeccuy 1 kapboHusauun, npveeseHa B
[17].

9.5.3.3.7 OkcnepumeHTasnbHble Mogenu Ans  OueHkM  rnybuHbl
kapBoHmzauumn Gbinn npenoxeHol XakkmHeHOM 1 NappoTom. Mo XakkmHeHy
[18] rnyBuHy kapOoHusaumm onpefensloT Mo ypasHeHwto (9.20) npu
koachdpuumeHTe kapboHmsaumm, oTbICKMBaeMOM NO hopmyne

Ke= CenvCair-a ’fcmb (925)

rae Cenv — KO3(OMOUUMEHT BO3LENACTBUSA OKPY>KAIOLLIEN cCpeasbl;
Cair  — NOKazaTeNb CofepKaHnsa BO3AYXa;
fem  — cpepHsia (kybukosast) npouHocTb 6€TOHa Ha CxaTtue, MMMa;
awv b — napameTpbl, 3aBUCALLIME OT BUAA BAXKYLLIErO.

BMecTo cpeaHen NpOYHOCTU Ha CKaTUe MOXHO NPUMEHSATbL HOPMaTUBHYIO
NPOYHOCTL No hopmyne [19]

fom = fox + 8. (9.26)

95338 B T1abnuuax 9.3 n 9.4 npuBeeHbl, COOTBETCTBEHHO,
KO3 hMUMEHT BO3AENCTBUA OKPY>KatOLLE Cpeabl 1 NokasaTenb cofepaHns
Bosayxa. MapameTpbl a n b hopmynbl (9.25) npuseaeHsl B Tabnuue 9.5 [20].

Tabnuua 9.3 — KoachdhmumeHT BO3OENCTBUSA OKpYXalowWwein cpeabl Ans
onpeneneHnsi CKOpoCTU KapGoHusauum

Okpy>KatoLme ycrnosus Cenv
KOHCTPYKUMK, 3aLMLLEHHbIE OT J0XAS 1
KOHCTpyKUMK, HE 3aLUMLLEHHbIE OT A0XAS 0,5
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Tabnuua 9.4 — KoachduumeHT coaepxaHusa Bo3ayxa Ansa onpeaeneHus
CKOpPOCTU KapOoHM3auumn

BosayLlHas nopucTocTb Cair
BosfyxoBoBneyeHWe oTcyTcTByeT 1
BosagyxoBoBnevyeHvne 0,7

Tabnuua 9.5 — NapameTpbl a u b [20]

BaxyLiee a b
MNMopTnaHgUemMeHT 1800 -1,7
MNopTnargueMeHT + 3ona yHoca 28 % 360 -1,2
MNopTnaHgUeMeHT + MUKpokpemHesem 9 % 400 -1,2
MopTnaHiLEMEHT + JOMEHHBIW Lnak 70 % 360 -12

9.5.3.3.9 B cootsetctBMM C [21], rnyOuHy kapOoHM3aumm onpepensioT
yepes KMCMOPOAHYI0 NPOHNLI@EMOCTb OeToHa:

64KO4
d= 5

(9.27)
rae K — KuicnopofHas npoHUUaemMocTb ©GeToHa npu OTHOCUTESNbHOW
BrnaxkHocTn 60 %,
t —Bpewms,
C —copepXaHue LWEenoYven B LEMEHTE,
n  — KO3IPPULMEHT 3aTyxaHna (KOpeHHasa CTeneHb).

9.5.4 MNepunog pacnpocTpaHeHns

9.5.4.1 OcHoBHOE npaBuo

9.5.4.1.1 Kopposns HauyMHaeTca npu paspyLUeHUn 3alUTHON NNEHKW,
KOTOpOE HaCTynaeT B pesynsTare nageHus pH, BbI3BAHHOTO kapboHU3aumen,
Unn B pesynbTaTe pocTa CogepXaHnsi Xnopuaos, NPEBbICUBLLErO NoporosbIie
3Ha4YeHVA B 30HE pacnonoxeHvs apmatypbl. O6beM NPOAYKTOB KOPPO3UU BO
MHOrO pa3 npeBbllAaeT nepsBoHaYasnbHbIA 0ObeM MeTanna. YBenuueHue
obbema BbI3bIBAET NOSBNEHVE PaCTAMMBAOLLMX HANPSKEHW B BETOHE BOKPYT
apmaTypHOro CTepXHs1, YTO NPUBOAMUT K 0Bpa30BaHMIO TPELLMH U OTCNanBaHNIO
6eToHa 3aLluMTHOro Cros.

9.5.4.1.2 Kopposus conpoBoXaaeTCa TPEMA OCHOBHbIMU ABNEHUAMU:

- YMEHbLLIEHNE NMNOLAAN NONEPEYHOrO CeYEHMA apMaTypbl;

- YMeHbLLIEHWE CLENINEHNA MEXAY apMaTypoi u 6ETOHOM;

- pacTpecKkmBaHue 3aLUTHOTO Crosi GETOHA U KaK CNEeACTBME YMEHbLUEHNE
HecyLen CnOCOBHOCTN BETOHHOIO CeYEHUs.

9.5.41.3 [na onpepeneHUs npOLOMKUTENBHOCTU CpoKa CnyxObl
HeobXoAMMO YCTAHOBUTL YNCMEHHOE 3HAYEeHWEe KPUTUYECKOrO nopora
HecyLen cnocobHOCTN C YYETOM BbILLEYNOMSHYThIX SIBNEHUIA, CHUKAOLLMX
AONrOBEYHOCTb. YKa3aHHbIA KPUTUYECKMIA NOPOT YacTo YAAETCA BbIPa3nTb Kak
BbI3BaHHOE KOPPO3MEN KPUTUHECKOE COKpalleHVMe paguyca apmaTypHOro
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CTEPXHSA, MO3TOMY  NEepuoi  PacnpPOCTPAHEHUs  MOXHO  BblpaswuTb
KONMYECTBEHHO crieayowmm obpasom [22]

ty= 2. (9.28)
rae — BPems pacnpocTpaHeHns Koppo3uu, NeT;
ARmax — MakcMmMarbHas noTepsi paguyca apMaTypHOro CTEPXKHS;

r — CKOPOCTb KOPPO3UH.

9.5.4.2 Bpemsi NOABNEHNA TPELMH B 3aLLMTHOM Croe

9.5.4.2.1 B cnyyae obLUeNn KOPPO3MK KPUTUHECKOE YMEHbLLEHWE pagnyca
CTEPXHS NPOUCXOLUT N3-3a pacTpeckmBaHna 6eTOHa 3alMTHOro Crnosi. Bpems
pacnpoCTpaHeHNs TPELLUMH MOXHO NPUBNMKEHHO ONPEeAEnnTb NO CrnegyoLlen

copmyne [1]
thoo% (9.29)

roe C — TonwmHa 3almMTHOro cnost 6eToHa, MM;
D — prnameTp apmaTypHOro CTEPXKHS, MM,
r — CKOPOCTb KOppo3un B 6eTOHe, MKM/rof.

9.5.4.2.2 CKOpOCTb KOppo3unn B GETOHE B 3HAYMTENLHOW CTENEHN 3aBUCUT
OT OKpyXawoLwmx ycrnosuin. Cpean 3TWX (PaKTOPOB OKpyXaloWwen cpeapbl
Havbonee BaXHbIMW SBNATCA OTHOCUTENbHASA BMaXHOCTb M TeMnepartypa.
CKopoCTb KOppo3un apMaTtypbl B 6eTOHe MOXXHO ONpEAENnUTb MO CreayoLen

chopmyne
r=cro, (9.30)

rae Cr— TemneparypHbli KO3MULIMEHT,
ro — CKOpPOCTb kopposuu npu 20 °C.

9.5.42.3 K nepBocTeneHHbIM akTopam, BAUAIOLMM Ha CKOPOCTb
pacnpocTpaHeHus kopposun B 6eToHe npu +20 °C, OTHOCAT OTHOCUTENBHYIO
BNaXXHOCTb Bo3ayxa (Mnu 6eToHa) 1 copepxaHue xnopuaos. [lpyrue dakropsl,
Hanpumep, BOAOLIEMEHTHOE OTHOLLUEHWE UMW TUM LEeMeHTa Takke MOoryT
OKasbiBaTb HEKOTOPOE BNUsiHAE. YNCNOBbIE 3HAYEHUSI CKOPOCTU KOpPPO3uu B
aHOAHbIX 30HaX apMUPOBaHUs, NpUBeLEeHHbIe B Tabnuue 9.6, MOXHO NPUHATD
3a cpefHue BenuuunHbl. OHW onpegeneHbl Ha OCHOBaHUM 3KCNepPUMEHTanNbHbIX

JaHHbIX, coaepxalumxcs B pabote [16].
9.5.4.2.4 BnarocoaepxaHne B 6eTOHe, OKpPyXaloleM apMaTypHble
CTEPXKHM, ABNSAETCA pe3ynbTaToM AENCTBUS CIIOXHOIO KOMIMIIEKCa PasnmyHbIX
KIIMMaTUYECKUX U KOHCTPYKTMBHBIX (pakTopoB. PaBHOBECME OTHOCUTESbHOM
BNaXXHOCTU B 6ETOHE KOHCTPYKLIMK, CTOSALLIE Ha OTKPBLITOM BO3AYyXe, 3aBUCUT
OT roflOBOr0 M AHEBHOrO KONEGaHUsi OTHOCUTENBbHON BNXKHOCTM BO3AYyXa,
KOHA.eHcaumm Bnarm Ha NoOBEepPXHOCTU, OT Joxaen, Opbi3r v Talolen Bogbl, OT
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NNOTHOCTU 6GeTOHa W rNyOuHbI 3aneraHns paccMaTpuBaemoro crosi ot
NOBEPXHOCTM (3aLUNTHBLIN CION).

9.5.4.25 CogepxaHve XxnopuaoB TakKe OKa3biBaE€T 3HAUYUTENbHOE
BIVSHNE Ha COAEepKaHWe Bnarn u Ha CKOpoCTb Kopposun B 6eToHe. OgHako
BPEMS pacrnpocTpaHeHns 06bIYHO NOMHOCTbLIO OMyCKatoT, €CNKN NPUCYTCTBYIOT
xnopugbl. JJaHHble NO HacbILWEHHOMY xnopugam GeToHy, coaepalmecs B
Tabnuue 9.6, npusefeHbl, B OCHOBHOM, ANA CPaBHEHMS.

Tabnuua 9.6 — CKOpOCTh KOPPO3UKN B KAPOGOHU3MPOBAHHOM U
HacbILWeHHOM xnopuaamm 6eToHe (aHoAHbIEe 30HbI)

OtHocuTenbHas KapboHn3npoBaHHbIi 6eToH, HacbileHHbI xnopuaamm
BNaXHOCTb, % MKM/rog 6eToH, MKM/roa
99 2 34
95 50 122
90 12 98
85 3 78
80 1 61
75 0.1 47
70 0 36
65 0 27
60 0 19
55 0 14
50 0 9

9.5.4.2.6 CpefHI00 OTHOCUTENbBHYIO BNAXHOCTb 6ETOHA KOHCTPYKUMIA, He
3alMLLEHHBIX OT AOXASA, MOXHO CYMTaTb paBHOW MpuUMepHO 95 % (kpome
Crnyyaes, KOraa YacroTa A0oXAen YpessbiHaiHo Manay), a 6eToHa KOHCTPYKLMA,
3alUMLLEHHbIX OT AoXAA — okono 90 %. COOTBETCTBEHHO, CKOPOCTb KOPPO3WK
B kapboHusmposaHHoM 6eToHe npu 20 °C ByaeT pasHa npumMepHo 50 Mkm/rog
B KOHCTPYKUMAX, HE 3alLMLLUEHHbIX OT AOXAA, WU NpUMMEpPHO 12 MKMm/rog B
KOHCTPYKLUMSAX, 3aLLMLLEHHBIX OT AOXAA.

9.5.4.2.7 TemnepaTypHble kO3UUMEHTbI, onpeaeneHHble B [16], n
cpefHVe AHEeBHble TemnepaTtypbl ANA HEKOTOPbIX E€BPOMENCKUX opoAoB
npuseaeHsl B Tabnuue 9.7. Kpome 3Toro, Tam e AaHbl CKOPOCTU KOPPO3uK,
onpeaenenHsle no dopmyne (9.30). B Tabnuue 9.7 He yuTeHO BnusiHWE
NPSMOro CONMHEYHOro 0BNyYeHNs Ha TEMNepPaTypy NOBEPXHOCTU KOHCTPYKLIWA.
OpHako 3TO BRUSIHUE MOXET OblTb 3HauuTenbHbIM. [pn pacyeTe CKopocTU
KOppO3UM CNeayeT yuuTbiBaTb TakKkKe MECTHbIe MUKPOKIIMMAaTUYECKUE
ocoBeHHoCTH.
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Tabnuua 9.7 — TemnepatypHbie K03 hULMEHTbI U ONpeaeneHHbIe
pacyeToM CKOPOCTU KOPPO3uM Ans HEeKOTOpbIX ropoaos EBponbi

Fopog cr CKOpOCTb KOPPO3UW, MKM/roj
He 3awuuieHHsle ot 3awyyieHHble oT
AOXKAS AoXAS
CopaHkuna (cesepHas PuHnNaHAUSA) 0,21 11 2,5
XenbCuHKK 0,32 16 4
AMcTepaam 0,47 24 6
Magpua 0,73 37 9

9.5.4.2.8 LLUMPOKO WU3BECTHO, YTO CKOPOCTb KOPPO3UU  MEATIEHHO
CHWKaeTca BO BpemeHn. OfHaKo u3-3a OTCYTCTBUA AOCTATOMHOIO obbema
MHPOpPMaLMK NO 3TOMy BOMPOCY MPU NPOEKTUPOBaAHUM AOMTOBEYHOCTU
peKoMeHAyeTCA CKOPOCTb KOPPO3UM NPUHUMATL NOCTOSIHHON.

9.5.4.3 CKOpOCTb pacrnpoCTpaHeHWst KOPPO3un Nog TpeLUMHamu

9.5.4.3.1 Ecnu TpeLumHbl B 3alUMTHOM cnoe 6eToHa NosiBUNNCL B CAMOM
Hauane cpoka Cnyx0Obl KOHCTPYKUMM (Hanpumep, Wu3-3a  YCajkw,
MEXaHWYECKOro BO3AENCTBUSA U T.A.) U €CAN LUMPUHA PacKpbITUA TPeLLmH
npesbiwaeT 0,1-0,3 MM, TO KOPPO3UA OOBLIMHO HAUNHAETCA HeMeieHHo, 6es
Kakoro-nmbo nepuoga MHULMaumMn. Ecnn apmaTtypHble CTEPXKHU OTKPbIThbI MO
BCEMY NEPUMETPY, KOPPO3UIO TaloKe CneayeT cunTaTh KpyroBon.

9.5.4.3.2 MNpoeKTUPOBLUMK MOXET yCTaHaBnNueaThb nNpeaen MUHUManNbHOro
OCTaTO4HOro AnameTpa apMaTypHOro CTEPXHA UNU COOTBETCTBEHHO Npeaen
MakcumansHoW rnyGuHbl KOppo3un. 3TO 3aBUCUT OT Tuna apmartypbl —
ocHoBHas paboyas apmaTtypa, NonepeyHoe apMUpPOBaHWe, XOMyTbl U T.A., U OT
aKTMYECKOrO HaNPSHKEHNSA B CTEPXHSAX. B HanpsaraoLwmx ny4kax Kopposusa He
aonycTtnma soobLe.

9.5.4.3.3 Bpems pacnpocTpaHeHWs KOppo3nuu Noj, TPELLMHON onpeaensoT
no goopmynam:

ty=Smex; (9.31)

r

= D-Drin
4= o (9.32)
rae . — BpeMs pacnpoCTpaHeHns KOppo3vu Noj TPELUMHOM;
r  — CKOpPOCTb KOPPO3UW NoJ TPELLMHOW,
Siax — MakCMmManbsHO AonycTumas riybmHa kopposuu;
Drmin — MMHUManNbHbIA AUaMETP apMaTypHOro CTEPXKHS.

9.5.4.3.4 Koppo3na nog TpeLumHON npeacraBnseTr cobon upessblyanHo
CNOXHOE $IBNEHME, KOTOpPOE [0 CUX MOp MOMHOCTbI He wusydeHo. MMpu
OTCYTCTBUM G0Nee TOYHbIX CBEAEHWA MONb3YIOTCA NPEeAnonOXeHNeM, YTO
CpeaHsa CKOPOCTb KOPPO3NM MMEET TOT Xe NOPSAOK, HTO U CKOPOCTb KOPPO3UU
B BeToHe Ges TpelwH. B COOTBETCTBUMM C 3TUM B pacqeTax pekoMeHayeTca
MPUMEHATL CREAYIOLME 3HAYEHNS CPEAHNX CKOPOCTEN Koppo3uu [23]:

929



- €CNY eAMHCTBEHHOE arpeccuMBHOE BO3eNCTBne — kapboHnsaums:

npyu OTHOCUTENbLHON BnaxHocTn 90 — 98% ckopocTb kopposum — 5-10
MKM/rog,

NPV OTHOCUTENBLHON BRAXHOCTUN < 85% — < 2 MKM/rof;

- MPY HacCbILWEHNU XNopuaamun:

NPy OTHOCUTENBLHON BRAXHOCTU 100% — <10 MKM/TOA;

NPy OTHOCUTENBLHOMN BRaXXHOCTN 30-93% — 50-100 mkm/roa,

NPY OTHOCUTENBbHON BNAXHOCTUN <70% CKOPOCTb KOPPO3UU — <2 MKM/rof,.

10 Kputepum  TEeXHUYECKOr0 COCTOAHUA  XKene3obeTOHHbIX
KOHCTPYKUMW MO noKasaTensaMm [OOSITOBEYHOCTM WU cCTpaTterum ux
aKcnnyaTauum NPUMEHUTENbHO K CPOKaM CnyXObl

10.1 AnHanu3 ©OGonbworo obbema IKCNEPUMEHTANbHbIX AaHHbIX,
pesynbTaToB pPac4eTOB W UYUCAEHHOrO MOAENUPOBAHUA, a Takke onbiTa
aKcnnyaTaunm 3aaHnn 1 COopy>KeHuin n3 6eToHa 1 xxene3obeToHa O4HO3HAYHO
MOKa3bIBAET, YTO KOHCTPYKUMU pPaspyLUalOTCA 3HAYUTENbHO paHblue, Yem
npeayCcMOTPEHO MNPOEKTHbIM HOPMAaTUMBHbIM CPOKOM, W3-3a YCKOPEHHOro
dmsmyeckoro msHoca. lNpu 3TOM 3aTpaTbl HA PEMOHT UM BOCCTaHOBIEHUE
COOPYXEHUA  3HAYUMTENbHO MNPEBLIWAKT MNNaHUPYEMble, a CPOKA UX
nposegeHusa, obbembl U coaepxaHne paboT YacTto HasHavawT 6e3 yuyeTa
TekyLero n Byayuiero COCTOSHNUS 3NEMEHTOB KOHCTPYKLNN.

10.2 TexHU4ecKoe COCTOsIHUE Xene300ETOHHbIX KOHCTPYKUWUA 3aaHUin U
COOPYXXEHUI KnaccuuumpyoT B COOTBETCTBUM C Tabnuuen 10.1.

Tabnuua 10.1 — Knaccudmkaumsa TeXHU4eCKOro COCTOAHUA
Xene3o6eTOHHbIX KOHCTPYKLUN

KaTteropusi TexHU4eCKoro XapaKkTepucTuka CoCTOSHUSA
COCTOSIHUSA
1 UcnpasHoe BbinonHsitotcs Tpe6oBaHUs AENCTBYIOLUMX HOPM U NPOEKTHOW
JAoKyMeHTauuu. HeobxoanumMocTh B peMOHTHBIX paboTax HeT
2 Pa6oTocnocobHoe C y4yeToM (haKTMHYECKMX CBOMNCTB MaTepuanoB YAOBMNETBOPSIOTCA

TpeboBaHUA AENCTBYIOLMX HOPM, OTHOCSILLMXCA K MpPeherlbHbIM
COCTOSIHUAM NEPBOW rpynnbl; TPe6GOBaHWA HOPM NO MPEAEnbHbLIM
COCTOSIHUSIM  BTOPOWA  rpynnbl  MOryT OblTb  HapyLlleHbl, HO
obecneynBaloTCs HOPManbHbIe YCNOBUSA 3KChnyaTayun. 3aluTtHble
cBoiicTBa OeTOHa MO OTHOLIEHMIO K apMaType Ha OTAenbHbIX
yyacTkax ucuepnaHbl; TpebyeTcs nx BOCCTaHOBMEHWNE, YCTPONCTBO
UNK BOCCTAHOBIIEHNE aHTUKOPPO3MOHHON 3aLLUTbI

3 OrpaHu4eHHo HapyweHbl TpeGoBaHWs AeNCTBYIOLWMX HOPM, HO OTCYTCTBYIOT
paboTocnocobHoe onacHocTb 0OpyweHus un yrposa 6esonacHocTn paboTalomx.
TpebyeTcA YyCUINEHME W BOCCTAHOBIIEHWE SKCMNyaTaLMOHHbIX
CBOMCTB

4 HeponycTtumoe CyLuecTBylOT MOBPEXAEHNS, CBUAETENbCTBYOWMEe 06 OnacHoOCTM
npebbieaHna noaen. TpebyloTcs HEMEANEHHbIE CTPaxXOBOYHbIE
MEpONpPUSTUS: C OrPaHNYEHNEM HArpy3oK, YCUNEeHWe KOHCTPYKLMK
5 AsapuiiHoe CyLecTByIOT NOBPEXAEHUS, CBUAETENBCTBYIOLME O BO3MOXHOCTU
obpylieHnss KOHCTpyKuun. TpebyloTcs HemeaneHHas pasrpyaka
KOHCTPYKLUMM W YCTPOWCTBO BPEMEHHbIX KpenneHwin (CTOexk,
noanopokK, HaknagoK v ap.)
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10.3 Bce KOHCTPYKLMU U COOPYXEHUS BbIMOSHAT OAHY UMM HECKOMbKO
MYHKUMA, BOMBLUMHCTBO W3 KOTOPbIX MOCTOSIHHBIE U  aKTUBHbIE, XOTH
HeKkoTopble N3 HUX MOryT ObiTb MACCYBHBIMU U PEANU30BLIBATLCS TONbKO NO
TpeboBaHuto.

10.4 PaznuuyatoT TpU OCHOBHbIE MPUYMHLI MOTEPU PYHKLMOHAMNBHOCTU
(0Tka3a) KOHCTPYKUMIA, BEAYLUME K CHUXKEHWIO NPOYHOCTM, MOTEPE BHELUHEro
BMAA WUMKX 3KCNNyaTauVOHHbIX CBOWCTB:

- TEXHWYECKUE, BbI3BAHHbLIE CTApPEHNeM MaTepuana;

- BHELWHWE (NPeAyCMOTPEHHbIE W HenpeaBuAeHHble), BbI3BaHHbIE
3arpsisHeHnem BHELLHEN  cpefabl: aBapusimu, 3eMNETPACEHNAMY,
BaHAaNM3MOM U T. 4.;

- YyenoBeyeckni pakTop: OWuBKM B MNPOEKTUPOBaHUM, peanusaumu
npoekTa, akcnnyataumm n T.n.

10.5 OBecneyeHve LONroBEYHOCTU 34aHUN U COOPYXKEHWUIA HA PACYETHbIN
CpPOK CnyxObl — MexaHwW3M 3aTpaTHbIN YXXEe Ha CTagun CTPOUTENbCTBA.
OkynaemocTb 3TUX 3aTpaT BO3MOXHa TOMbKO B MPOLIECCE 3KCriyataumu.
MpuMeHUTENbHO K paspaboTke cTpaTerny 3KcnnyaTaunm >xene3obeTOHHbIX
KOHCTPYKUWIA creflyeT UMETb B BUAY W3BECTHbIN «3akoH natu» [e Cutrepa
(pvcyHok 10.1).

10.6 Cpok cnyx0bl KOHCTPYKLMIA MOXeT ObiTb NpeAcTaBneH kak cymMma
ABYX NEPMOAOB BPEMEHMW: NEpMoAa C Ha4yana sKkcnnyarauum 4o uHULmauum
npouecca KOppo3uM W Mepuoja  HEMOCPEACTBEHHONO  NPOTEKaHUs
KOPPO3NOHHOrO npouecca. Cpok onpeaenseTca Ans OTKasoB ABYX TUMNOB:
BPEMS TpewwwmHooOpa3oBaHUA 3almMTHOrO cnoa 6eTOHa; noTepsl HecyLuewn
cnocobHocTU. Bpemsa nHnumauum onpegensetca nnubo kapboHusaumen, nubo
NMPOHNKHOBEHUEM XJ10PUA,0B.

10.7 Bo3MmOXHbIE NOCNEeACTBMA MOTEPU PYHKUMOHANBLHOCTU (OTKasa)
KOHCTPYKUMIA OLIEHVUBAKOTCS 3KOHOMUYECKUMUN 1 COUManbHBIMU KAaTEropusiMm U
SBNAOTCA OCHOBOW MpU BblpaboTke cTpatermn akcnnyatauuu [24]. Lenb
cTparermm — obecneyeHme 3KOHOMUYECKM cOanaHCMPOBAHHBIX TEXHUYECKUX
MEPONPUSTUIA Ha YPOBHE OTAENbHBIX KOMMOHEHTOB U KOHCTPYKLMK, B LIENOM,
NO3BONSAOLLMX COAEPXKATb KOHCTPYKLUMIO B TAKOM COCTOSIHUM, KOTAa OHA MOXET
BbIMOMNHATH CBOM (PYHKUMM B TEUEHUE ONpPeAenieHHOro nepuoga BpeMEHU C
JOCTaTOYHOA  HaAEXHOCTbIO,  3KCNNyaTauMOHHOW  MPUrOAHOCTbIO U
Haanexawmm BHelLHUM BUA oM. Npuctynas K BblipaboTke cTpaTterum, cnefyet
onpeaenntb (yHKUMOHaNbHbIe TpebOoBaHUS, KOTOPbIM JOMMKHA OTBEYaTb
KOHCTPYKUMUSA (KOMMOHEHT), U MOCNEACTBUA, K KOTOPbIM MOXET NPUBECTU
npexgeBpeMeHHasi NoTeps NPOYHOCTY.
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10.8 N3BECTHbI TPY NPUHLUNUANBHO OT/IMYHbIE CTpaTerny akcnayaTauuu:

- KOppeKTuBHas;

- N0 cpoKaM CNyx6bl;

- N0 CpoKaM AO0CTUXEHUA YPOBHA HEMNPUEMIIEMOCTMU.

B nepBoM cnyyae akcnsjyaTaluuoHHble AeACTBUA NpeAnpuHUMAlOT nocne
o6HapyXeHus npu3HakoB OTKasa B KOHCTPYKLMM; BO BTOpPOM - 4yepes
onpefesieHHbIi nepuof 3kcnayatauuu; B nocnegHeM cryyae - nocne
JOCTUXEHNS KOHCTPYKUMEW WU OTAESbHbIM €€ KOMMOHEHTOM MpefesibHOro
COCTOSIHUS.

10.9 3T cTpaTternn NPUMEHST Ha KOMNOHEHTHOM YpOBHE. BONbWMHCTBO
3[aHUN N COOpPYXeHUn npeactaBaseT coO60 MHOTOKOMMNOHEHTHbIE CUCTEMbI.
HecmoTpss Ha 6e3ynpeyHoe  BbIMOMIHEHME  (PYHKUMA  GOJSIbLINHCTBOM
KOMMOHEHTOB, COOPYXEHMNe B L,esIoM MOXET yTpaTuTb NPOEKTHbIe CBOWCTBA B
pesynbTaTe BbixoAa M3 CTPOS OAHOI0 WM HECKOSIbKMX KOMMNOHEHTOB. Mo3aTomy
Ha YpPOBHE COOPYXEHMA ANA KaxAoh u3 ero yHkuuii cosgaetcss cuctema
OeKOMMNo3nuum € WUCMNosIb30BaHMeM MNPUHUUMNOB CUCTEMHOIO aHanusa,
paspaboTaHbl MOAENN UX 3KcnayaTauuyu ¢ NPUHATUEM peLleHns Nnoka TO/IbKO
Ha Ka4yeCTBEHHOM YypOBHeE.

10.10 Uenb akcnayatauum - MUHUMaAbHas CTOMMOCTb CpOKa CyXObl.
[na oueHKn MCNonb3ylT TPU TUNa CTOMMOCTMU: PUCKA, PEMOHTA U MHCNEKLUN.
MoaTomy BCe ykasaHHble Bbllle CTOMMOCTW [AO0J/DKHbl ObITb NPUBA3aHbI KO
BpemMeHu. Yem fonblie BbINOSHAET CBOM (DYHKUUN 3/IEMEHT, TeM Huxe byaeT
CTOMMOCTb €4MHWLbl BPEMEHU €ro akcnayatauum, HO MpuM 3TOM pacTeT pPUCK
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OTKa3a KOHCTPYKLMWU, ANS CHUKEHUSI KOTOPOrO MPUXOAUTCS Yalle NPOBOAUTL
NHCNEeKLMK.

10.11 CyLlecTBYHOT ynpoLleHHble (OPMyNbl ANA  KONWYECTBEHHOMO
onpeaeneHns oXxungaemMon yaenbHoM CTOMMOCTI SKCrnyaTauum ANnsi BCeX Tpex
KcnnyaTaumoHHbIX cTpaTerui. MNpu 3ToM paspaboTaHO HECKONBbKO BapuaHTOB
KOMMbIOTEPHbIX MPOrpamM, KOTOpble C YYETOM BEpPOSATHOCTHbIX CXEeM
JerpajaumnoHHbiX  MPOLECCOB  aBTOMAaTUYeCcKu onpefensiT Havbonee
SKOHOMUYHYIO CTpaTernto Unu BblAalT CTOMMOCTb 3afaHHOW cTtpaternn. B
CBAI3U C ANIUTENbHBIM CPOKOM Cry>Obl CTPOUTENBHBIX KOHCTPYKUMUIA 3aMETHYHO
ponb B npobnemax HagexxHoCTU nprobpen dakTuieckuii GaHKOBCKUA NPOLEHT
Ha BNOXEHHbIN KanuTan. Bo3aMOXHOCTb KONMMYECTBEHHOW OLEHKU CTOMMOCTU
OTAENbHbIX  KOMMOHEHTOB W  COOPYXXEHW B LENOM C  YYETOM
JKCNNyaTaumMoHHbIX pPacxXxoAoB U PUCKOB OTKasa NO3BOMSET OLEHUTb
LienecoobpasHOCTb fanbHEMen 3KCniyaTauum HEKOTOPbIX COOPYXEHWA 1
Jaxe NX 4OCPOYHON 3aMeHbI.

10.12 CosaaHve MpaKTUYECKOW MOAENU MOBELEHUSI KOHCTPYKLUUM BO
BPEMEHU NpejycMmaTpuBaeT NpoBeeHne MOHUTOPUHIa C MOMEHTa BBEEHNSA
KOHCTPYKLMU B 3KCMNyaTaumio C y4eTOM BCeX €& haKTUUECKNX XapaKTEPUCTUK.
MNpepnaraevble MoAenW XM3HEHHOTO LMKNA  KOHCTPYKLUWMWA,  KOTOpble
YUYUTbIBAKOT BAUSAHWE PaKTOPOB 3KCNyaTauuu, NO3BONAIOT ONTUMU3NPOBATL
CTOVMOCTb PEMOHTOB C YYETOM BOMbLLOIO YMCna NapameTpoB: TEXHNYECKMX 1
PYHKUMOHANbHbIX  TpeboBaHWi, ©Ge3onacHOCTW, 3CTETMKM,  SKOHOMUM,
akonormn 1 T.4. PaspaboTaHbel mMaTtemaTudeckue MeTOAbl COPTUPOBKM M
BblIGOpa NPUOPUTETOB PA3HON CTEMNEHN CMOXKHOCTU C YYETOM BOMBLLLIOrO Yncna
napameTpoB, KOTOpbIE MOryT ObiTb MCMONb30BaHbl NPOEKTUPOBLLMKaMN Npu
BbIOOpE OMTUManbHbLIX BapMaHTOB akcnnyatauun. NaeHtudukaums v seiGop
COOTBETCTBYIOLUMX METOAOB MPUHATUSA PELLEeHUI COCTaBNAET 3HAUUTENMbHYIO
YacTb CWUCTEMbl YMpPaBNEHWUS MM3HEHHBIM LIMKNOM KOHCTPYKUMKW, 4TO, B
KOHEYHOM C4eTe, MNOo3BONAET 3PPEKTUBHO NPOANEBaTb CPOKUA KU3HU
pasnuyHbIX 34aHUIN 1 CoopyKeHuiA n3 6eToHa. Bo Bcex crnyyasx pobasneHHas
«nepBas» CTOMMOCTb CUCTEMbI MOHWUTOPWHra 1 GeccpodHas CTOMMOCTb ee
0BCNyX1BAHUA, KaK OXUAAKT, COXPaHAT HamHOro Gonbline MHBECTULMM B
CTPOUTENBCTBO U 3KCMnyaTaunoHHble 3aTpaTthl. MexayHapogHasa nHugunatmsa
«MOHUTOPUHI COCTOAHNSA KOHCTPYKLMIA» MOMET BHECTU 3HAUUTENbHbIA BKNAA,
B 3TOT NPOLECC, MHTErpupysa pactyliee pasHoobpasve MeTo4oB, METOAMK 1
UCCnepoBaTeNbCKUX TEM B NMOHSATHLIA U BCECTOPOHHUIA NHCTPYMEHT.

10.13 HeoTbemnemas cocrasnswwas nogobHbIX TEXHONOMIA — MonHas
MexaHu3aums TPyaoeMmKknx paboT, aBTOMaTM3aumsi KOHTpons n obpaboTku
pesynbTaToB HabnoLeHNN, BbICOKUIA ypoBeHb 6830MacHOCTM 1 KOMPOPTHOCTH
ycnosun Tpyaa.

10.14 KonundectBeHHble MOKasaTenn AONrOBEYHOCTU Xene3oBeTOHHbIX
KOHCTPYKUMI LienecoobpasHo pasfennTb Ha ABe rpynmbl.

MokasaTenw, CBs3aHHbIE CO CPOKOM CnyxObl Kene3oBeTOoHHON
KOHCTPYKLMN:
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- CpPOK cnyx0Obl — KaneHgapHasi NPOAOIMKUTENbHOCTb 3KCniyaTauum
Xene3oB6eTOHHON KOHCTPYKLMKW OT Hauana akcryatauum obbekra (3aaHus,
COOpYXXeHNs) unu ee BO30OHOBMEHWE MOCne peMoHTa [0 nepexoja B
npeaenbHoe COCTOsIHUE;

- CPeAHUIA CpoK CnyxGbl — MaTeMaTU4ECKOe XU aHne Cpoka Cryxobi;

- CPOK CNyObl 0 NEPBOro KANUTaNbHOrO PEMOHTA — NPOAOIKATENBHOCTD
aKkcnnyataumm A0  PEMOHTa, BbINOMHAEMOrO AnA  BOCCTAHOBNEHMWSA
NCNPaBHOCTU U NOMHOrO UK 61IM3KOro K NONHOMY BOCCTAHOBNEHUIO pecypca
KOHCTPYKLUMN C BOCCTaHOBMEHWEM, YCUNEHWEM Wnu 3amMeHon niobbix ee
vacren;

- CpoK cnyx0bl Mexay KanuTanbHbIMA PEMOHTaMW, 3aBUCSLLMIA
NPeNMyLLIECTBEHHO OT KayecTBa PEMOHTa, T.€. OT TOro, B KaKOW CTeneHu
BOCCTaHOBIEH PECYPC KOHCTPYKLWK;

- CyMMapHBbI CPOK CNyxObl — KaneHaapHas NpojomKMTENbHOCTE paboThbl
Xene3oB6eTOHHON KOHCTPYKLUMM B 348HWM WU COOPYXXEHWM OT Havana
3KCnnyaTaumm J0 ee BbIOpaKkoBKM C y4ETOM BpeMeHU paboThl NOCE PEMOHTA;

- Y-NPOLEHTHbIA CPOK CnyxObl — KaneHjapHasi NpOAOMKUTENbHOCTL
3KCNNyaTtaumm KOHCTPYKUMWM, B Te4YeHue KOTOpoW kenes3obeToHHas
KOHCTPYKUMSA HEe AOCTUIHET OAHOO UM HECKOMNBKUX NPeAenbHbIX COCTOSIHMIN C
BEPOATHOCTLIO Y, %.

MokasaTtenn AONrOBEYHOCTW, BbIPEKEHHBIE B KaneHAapHOM BpemeHu
paboTbl, MO3BONSIOT HEMOCPEACTBEHHO UCMONb30BATb MX B NNAHUPOBaHUA
CPOKOB OpraHv3aLy peMOHTOB, NOCTaBKW 3anacHbIX YacTeln, CPOKOB 3aMeHb!
obopyaoBaHus. HeloCTaTok 3TMX nokasaTenen 3aknioyaeTcs B TOM, YTO OHU
He NO3BONAT YYUTbIBATL MHTEHCUBHOCTbL MCMONb30BaHWUSA 060pyA0BaHNSA.

MokasaTenw, CBsi3aHHbIE C PECYPCOM KOHCTPYKLIMM:

- pecypc — cymMmMapHas HapaboTka >Xene3obeTOHHOW KOHCTPYKUMM OT
Hayana ee 3KcnnyarauMm unu ee BO3OOHOBNEHUE NOCHe peMoHTa Ao
nepexoaa B NpeaensHoe COCTOSHUE.

- CPeAHUI pecypc — MaTemMaTUyecKoe OXuUaaHue pecypea;

- Ha3Ha4eHHbIN pecypC — CymmapHas HapaboTka, npu JAOCTUMXKEHWUW
KOTOPOW 3KCMIyaTaums KOHCTPYKUMUN A0mKHA ObiTb NpeKpaLleHa HE3aBUCUMO
OT ee TEXHUYECKOrO COCTOSHUS;

- Y-NPOLEHTHBIN pecypc — cyMmapHas HapaboTka, B TeueHue KOTOpomn
XKene3obeToHHaaA KOHCTPYKUMS HE AOCTUTHET MNPEAEnbHOrO COCTOSIHMS C
3af,aHHON BEPOSTHOCTLIO ¥, %.

B kauectBe Mepbl NPOAOMKATENBHOCTA 3KCMNyaTaumu, Kak npasBuIo,
BbIGVMpalOT Bpems 3KCnnyaTaumum KOHCTPYKUMM (Cpok akcnnyartaumu). Mpu
3TOM, MO MOHATHBIM MPUYUHAM, PECYPC MOXET MPUHUMATL AUCKPETHbIE
3HaueHus.

10.15 Ha no6o MOMEHT BpeMeHU B NpoLecce aKkcnnyartauum (Mo KpanHemn
Mepe, oT 20 1 6ornee NeT) KOHCTPYKLUUW 34aHUA U COOPYKEHUIN HAXOAATCS B
pasnnUYHOM TEXHUYECKOM COCTOSHUM U UMEIOT pa3Horo poaa nospexaeHus. B
3aBUCMMOCTU OT 3TOrO BbINOMHAEMble paboTel (MpochunakTuyeckue uunu
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PEMOHTHbBIE) MO COCTOSHWIO, B OBLUEM Cryyae, OTHOCUTENbHO noboro u3
YPOBHEV HafEeXHOCTU BO BpemeHu OyayT BKMuYaTh cnegyowme BUAbI
CBOEBpEMEHHbIe  (MPOUNAKTUKA, PEMOHT); OTOABWHYTbIE  (PEMOHT);
ynpexparoowme (PeMOHT); a OTHOCUTENbHO  HOPMWPYEMOro  YPOBHS
HagexHocTn (HYH) elue 1 cneymansHbii BUL — 3anosganbie (PEMOHT).

3aTtpaTbl Ha PEMOHT U BOCCTaHOBIIEHME COOPYXEHWA 3HAYUTENbHO
MPEBLILIAIOT NSIaHMPYeMble, €CnM CPOKM WX npoBefeHns, obbembl U
cogepxarHue paboT HasHadvaT Oes yyeTa TekyLlero n GyayLlero CoCToAHUSA
3MEMEHTOB KOHCTPYKLIMIA.

10.16 Heobxogumbin Bug pemoHTa BbIOMpaldT B 3aBUCUMOCTA OT
TEXHUYECKOTO COCTOSIHWUA KOHCTPYKUMA W 3aknafbiBaemMoro HOpMUPYEeMOoro
YPOBHSA HaAEXHOCTW, pPEe3epB KOTOPOro BMOCNEACTBUAM peanusyeTtcs npu
aKcnnyaTauuu.

10.17  Hopmupyembln  ypoBeHb  HagexHOCTW  obecneuvBaeTcs
WCMNOMb30BAaHNEM PACCMOTPEHHBIX BWAOB pPEMOHTA NpPW  YCrOBUM  UX
COOTBETCTBUSA, KaK CTEMNeHW KOPPO3MOHHbIX MOBPEXASHUA, Tak M
BEPOATHOCTHBLIM MOKa3aTeNsAM HaAEXHOCTM KOHCTPYKUMM NO HapaboTke A0
oTkasa (Tabnuua 10.2).

Ycnosue cooTtsetcTBua TpebyeT npucnocoBNeHHOCTU TEXHONOMMYECKUX
onepauunii, Kak K yCrnoBuaM BbINOMHeHUs paboT, Tak 1 TeKyLuemy COCTOSIHUIO
KOHCTPYKLMK, YTO MO3BOMSAET YNPaBnAaTb MPOLECCOM peanusauum pesepsa
Hag,eXHOCTW.

Tabnuua 10.2 — 3aBUCMMOCTb BUAOB PEMOHTA OT nokasarenen
COCTOSIHUS1 KOHCTPYKLMUIA

Ipynna pucka Y-NpPOLeHTHas CreneHb koppo3nun Bwua pemonTa ans
KOHCTPYKLWK HapaboTka A0 (oTHOCUTENBHO CpeAHero [AaHHON rpynnbl pucka
oTkasa, % 3HayeHwus)), %
1 y>50 K<7 CBOEBpEMEHHbI
K>7 Ynpexaalowmmn
y<50 K<7 OTOABUHYTBIN
K>7 Ynpexaarowmn
2 y =50 K<15 CBOEBpeMeHHbIN
K> 15 Ynpexaatowmi
y<50 K<15 OTOABUHYTBIV
K>15 YnpexaatoLumi
3 v =50 K<25 CBOEBpEMEHHbIV
K>25 YnpexaatoLmi
v <50 K <25 OTOABUHYTBIN
K>25 YnpexaaroLjui

10.18 B COOTBETCTBMM C TPEMS rPynnaMm puUCKa, T.€. TPEMS YPOBHSIMU
HaAeXHOCTW, 3TO YNpaBneHne AOmKHO oBecneunsBaTbCs pPasnuuHbIMK, Kak
MUHUMYM, TPEMSI  TEXHOMOrMYECKMMW  MpoLeccamMu,  YCTPaHSAHOLMMU
HaKonmneHHble KOPPO3VOHHbIE MOBPEXAEHUS B KOHCTPyKuMW. KonuuyecTso
BbINOMHAEMbIX Onepaunin, WX TPYAOEMKOCTb W TexXHUYecKas CrOXHOCTb
BbINOMHEHNS BO3PAaCTaKT OT OAHOW rpynmbl pUcKa K nocneayromm. Mpu aTom
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KOHCTPYKTMBHbIE OCODEHHOCTM 3JaHUA W COOPYXXEHWUW Takke TpedyioT
NpUCNocoBNEHHOCTN TEXHOSIOTUIA PEMOHTA K KOHKPETHBIM YCNOBUSIM. Takum
0o0pa3om, TEXHOMOrMM PEMOHTa AOSKHbI ObiTb «KOH(OPMATUBHBIMUY», T.€.
COOTBETCTBYIOLLMMU, NPUCTIOCOONEHHBIMM.

10.19 BbiGop anemeHTHON 6a3bl KOHOPMATUBHBIX TEXHONOMMIA, BKITHOYas
noabop matepuanoB M TEXHONOMMYECKMX Onepauuini PEMOHTHBLIX paboT
JOMKEH CTPOUTLCA Ha OCHOBE COBMECTUMOCTM KOMMNEKCa nokasaTenen,
XapakTepum3yoLLmMX COCTOSIHUE PEMOHTUpPYEMOro obbekTa M WUCronb3yembix
TEXHUYECKMX CPEACTB.

10.20 AcnekTbl cTpatermM 3kcnnyataumv 34aHWA U COOPYXKEHWN
Mo3BONSAIOT:

- NnaHvpoBaTb PEMOHTHble paboTbl Ha OCHOBE NPOrHO3UMPOBAHUS
HaAEXHOCTU KOHCTPYKLUMA 34aHWUIA U COOPYKEHUA N OUEHKE (haKTUYECKUX
YCrOBUWI 3KCNNyaTauumu;

- OCyLECTBNATbL paspaboTKy KOH(OPMATUBHBIX TEXHOMOMMYECKUX
pELLeHNn Ha OCHOBE nNpuHUMNA MHOroaKTOpHOW  COBMECTUMOCTW,
noapasymMeBatoLLero KOHCTPYKTUBHY!O, PUSNKO-XUMUYECKY O 7]
TEXHOMNOMMYECKY0 COBMECTUMOCTb PEMOHTHbIX Onepauuii, Matepuanos W
3NEMEHTOB KOHCTPYKUMA C Uenbio obecneyeHusi paBHOKAYECTBEHHbLIX
XapaKTepUCTUK 3MEMEHTOB KOHCTPYKLUMA B MOCNEPEMOHTHbLIA  Nepuog
3Kcnnyartaumu.

10.21 BonbwMHCTBO  Npobnem,  BO3HMKAKOLWMX  CErogHA  npwu
OCYLLECTBMEHUN PEMOHTHBIX MEPONPUSTAN B KanWTanbHbIX COOPYXEHUSIX,
CBSA3aHO C HEAOCTaTOYHbIM BHUMAHWMEM K JeTansM nNpPOeKTUpOBaHWSA,
TEXHONOrMK 1 opraHu3auum pabot. Martepuarnbl, NpUMEHSIEMbIE ANA PEMOHTA,
XOTA U UMEKT GONbLUOE 3HAYEeHUe, AOCTaBASAIT MEHbLUE HENPUATHOCTEN.
OpHako nx BnusHue, a ocobeHHO NpaBUnbHbIA BEIGOP MMEIOT HEManoBaXxHoe
3HaYeHue Jna yBenUUeHUs cpoka cnyxObl coopyxeHua wu Gyayuiero
MeXPeMOHTHOro nepuoaa.

10.22 Jlnksmaaums COOPYXXEHUS UNU NPOANEHWE 3KCnnyaTauum, C TOYKU
3peHns ONMTUMU3aLMN PacxOA0BaHUS CPEACTB M MHTEPECOB YCTOWYMBOTO
pasBuTUsi, UMEKOT NepPBOCTENEHHOe 3HadeHue. HeobocHoBaHHbIE 1
HennaHupyeMble 3aTpatbl Ha PEMOHT M BOCCTAHOBMEHWE COOPYXEHUN, a
0COBEHHO WX NOA3EMHbIX YacTerW, HAHOCAT yliep6 okpyXarwen cpeae B
yactu noTpebneHuss pecypcoB, W3MEHEHUs YCROBUA  3KCniyaTaumm,
3arpsAsSHEHNS BOAbI, IPYHTOB U Np. OAHAKO W BbINOSIHEHUE PEMOHTHBLIX paboT
HE rapaHTUpyeT NOTPEBUTENIO OTCYTCTBME HEraTUBHLIX NMOCNEACTBUNA.

CocrosHne OONbLUMHCTBA  OTPEMOHTUPOBAHHBLIX  COOPYXXEHWA U3
Xenes3obeToHa npeTepneBacT CepbesHOe yXyALLEHNE CNYCTA YXXe HECKONbKO
f1IeT Nocne Toro, kKak B HUX NPOWU3BOAUNU PEMOHTHble paboTbl. Mo AaHHbIM
NpoBeAEeHHbIX UCcCneaoBaHUW, okono 75% OTkasoB MNpU  PeMOoHTe
Xene3o6eTOHHbIX KOHCTPYKUUA HAacTynaeT no ucTteyeHnn scero 5 ner.

YTOUHEHWE HOPMATUBHbIX CPOKOB CIYXObI )Xene306eTOHHbIX KOHCTPYKLMA
3aaHUA " COOpPYXEeHUA —  npobnema, mMeroLLan GonbLuoe
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HapO}J,HOXOSﬂVICTBeHHOG 3Ha4YeHrne, BO MHOIMOM onpejendwowaa 3ajgadu
HOBOMO CTPOUTENbLCTBA U COXPaHEHWNS CYLLIECTBYIOLLNX OCHOBHbLIX (DOHA,OB.

11 Bepudcukauua n nencTeus B cryyae HeCOOTBETCTBUA NPOEKTa
111 Kopposua, uHuUMUpoBaHHaa KapOGoHusauuen (6eToH 6Ge3
TpeLwmuH)

11.1.1 TONHbIN BEPOATHOCTHBIAN METOA
11.1.1.1 MpeaenbHOe COCTOsHUE — Aenaccusaums
11.1.1.1.1 B 3TOM Cny4ae JOMKHO BbINONHATLCA CeayoLee ycrnosme

P} = Paep. = pfa-xc(tst) < 0} < po, (11.1)
rae p{} — BEPOSATHOCTb Aenaccusaumy;
a — TOSLWMHA 3aLLUMTHOrO CNosi, MM;
Xc(tst) — rny6uHa kapboHu3auum Bo Bpems ts;
tst  — NPOEKTUPYEMBI CPOK CryxBbl, NeET;
po  — UeneBasi BEPOATHOCTb OTKa3a.

11.1.1.1.2 MNepemeHHble a@ W Xc(fsy) OOMKHbI ObiTb OMNpPeaeneHsb
KOJNMYECTBEHHO B MOSTHOM BEPOATHOCTHOM MPUBRMXeHUW. nsa pacyeTta MoryT
BbITb UCNONb30BaHbI METOAbI, ONMCaHHbIE B HACTOSALLEM NOCOOUH.

11.1.1.2 MpepenbHble COCTOSAHUS: TpeLumHoobpa3osaHue,
VHULMNPOBAHHOE KOPPO3UEN, OTCrnanBaHve 1 paspyLleHne

11.1.1.2.1 B KavecTBe npvmepa B OTHOLUEHUM TpeLmHoobpasoBaHns
L,OMmKHbI ObITh UCMONB30BaHbI CEfYOLLME OCHOBHbIE (PYHKLMU NpeaenbHOro
COCTOSAHUA

P} = Porac. = p{Arw) - Ars) (tst) < 0} < po, (11.2)

rae  p{} — BEPOATHOCTb  TPELWHOOOPasoBaHWUs,  MHULIMMPOBaHHOMO
kapBoHW3aumen;

Argy—  MakCUMarnbHOE yBENUYEHNE pagmnyca apMaTypHOro CTepXHs,

KOTOpOE MOXET OblTb BOCNPUHATO 6eToHOM Be3 obpasosaHus
TPELUMH Ha NOBEPXHOCTU BETOHA, MKM;

Ars) (tsy) — yBenuueHue paguyca  apMaTtypHOro  CTEpXHS,
06ycnoBneHHOe Koppo3sue,

tst — MPOEKTMPYEMbIN CPOK CryxObl, NeT;

po — Uenesas BEPOATHOCTb OTKasa.

11.1.1.2.2 AnbTepHaTuBHoe npubnmxeHne npu MNPOEKTUPOBaHWUM
onpeaensoT no hopmyne

P} = Porac. = Ppf ts.— tini - torop < 0} < po, (11.3)
rae p{} — BEPOSTHOCTb TPELLMHOOGPA30BaHUSA, MHULMMPOBAHHOTO

kapBoHusauven;
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st — MPOEKTUPYEeMbIN CPOK CNyXBbl, NeT;
i — VHAYKUMOHHBIA NEpWog, NeT,;

tprop — NEPNOA PA3BUTUS TPELLWH, NET;

po — LeneBas BEpOSTHOCTb OTKasa.

11.1.1.2.3 MNMepeMeHHble Arr) U Ars) (tsy) vnw tni U torop AOMKHBI ObITb
onpeaeneHbl KONMYECTBEHHO B NOMHOM BEPOATHOCTHOM NpuBAvmKkeHun. [na
pacyeta MOryT GbiTb WCMOSb30BaHbl METOAbI, OMUCaHHble B HAaCTOALLEM
nocotuu.

11.1.1.2.4 BONbLMHCTBO CyLLECTBYIOLMX Ha CErogHa Mopaenen HocAT
AMNUPUYECKWIA XapaKTep 1 4acTo 6asnpyrTCa Ha KPaHE OrpaHNYEHHBIX U HE
BCerga AOCTaTOUHbIX AaHHbIX. Koppensauun mexay CKOPOCTAMM KOppo3uw,
KadecTBOM GeTOHa M BNUSAHWEM OKPYXaloLLen MUKpocpenbl B AETansx He
onucaHbl. oaToMy npu BepuduKaumy pacyeToB HacTO WUCMONb3yeTcs
cneumnanbHoe nporpaMmHoe obecnedeHne, Hanpumep, Delphic Oracle.

11.1.1.2.5 Ansa pac4eToB MOryT ObITb UCMONb30OBaHbI METOALI, ONUCAHHbIE
B HacTosiLLeM nocobum, a Takke METOAbI, NpUBeAeHHbIe B [25].

11.1.2 MeToa YacTHbIX KO3(PPULMEHTOB
11.1.2.1 MpeaensHoe COCTOSHUE — AenaccuBaums
11.1.2.1.1 B 3TOM crny4yae AOMKHO BbINOMHATLCA CrieayloLlee ycnosue

ad — Xca(tst) 2 0, (11.5)

roe as — NPOEKTHOE 3HaYeHWe TONLLMHbI 3aLLMTHOIO COsi, MM,;
Xed(tst) — MPOEKTHOE 3HaYeHue rnybuHbl kKapGoHM3auum BO BpeMs fs., MM.

11.1.2.1.2 NpoeKkTHOE 3HaYEeHNE TOSLLMHbI 3aLLUMTHOrO Crost
BbIYUCNAETCA MO hopmyne

ads = ax— Aa, (11.6)

rAe ak — XapaKTePUCTUYECKOE 3HAYEHMWE TONLLMHDBI 3aLWMTHOrO Crosi, MM,
Aa — K03OUUNEHT HAAEXHOCTUN TOSMLLMHBI 3aLLMTHOIO COK, MM.
11.1.2.1.3 MpoekTHOoe 3Ha4YeHue rnyOuHbl KapboHU3aUum Xcq(ts.) BO BpeMa
ts. BblMCNAETCA NO hopmyne

Xed(tst) = Xee(tst) Yr, (11.7)

rAe Xco(fst) — XapakTepucTM4eckoe 3HadyeHwe rnybuHbl kapOoHu3aumMn BO
Bpems fs., MM,
1% — KO3 PULIMEHT HAAEXHOCTU rMyBuHbI KapGoHU3aLUK.

11.1.2.1.4 ina pacyeToB MOryT ObITb UCNONb30BaHbI METOAbLI, ONUCAHHbIE
B HacToALWEM nocobum, a Takke METOAbI, NpUBEAEHHbIE B [25].

11.1.3 MeTog «peLLeHune, KaxyLLeecs ya0BNeTBOPUTENbHLIMY.
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11.1.31 B pamkax 3TOr0  NpUONWKEHWa  yCTaHasBNMBaETCH
KOMNPOMUCCHOE  pELUEHNEe OTHOCUTENbHO reoMeTpuyeckux (TomnLmHa
3aWWUTHOrO CMosl), MaTepuanoBegyeckux (AnNddysunsa, XxapaKTepucTuku
BSKYLLIETO U T.M.) U TEXHOMOMMYECKUX (YXOZ, 1 T.M.) NEPEMEHHbIX.

11.1.4 MeTop «unsbexarb paspyLueHus»

11.1.4.1 B obwem Buage, nsbexarb paspyLLeHUs MOXHO B TOM Cry4ae,
Kkoraa penaccvBauusi He Habnwogaetcs B CUNY  HEOrPaHWYEHHOW
COMPOTMBNSIEMOCT BETOHa BO3LENCTBUIO arpeCcCuBHbIX Cpea U HyneBbIM
Harpy3kam CO CTOPOHbI OKpy>atoLLen Cpeabl.

11.2 Koppo3usi, MHULMUPOBaHHaA xniopugamm (6eToH 6e3 TpewmH)

11.2.1 MNonHbIA BEPOATHOCTHBIN METOA
11.2.1.1 MNpeaenbHoe COCTOAHUE — Aenaccusauus
11.2.1.1.1 B 3TOM Crny4ae AOMKHO BbIMOMHATLCA CNeayoLwee ycnosme

P} = puaep. = P{Coiit. — C(a, tsr) <0} < po, (11.8)
rge p{} — BEPOATHOCTb genaccusaunu,
a — TOqnLnHa 3aLlUTHOro Cnos, Mm;
Cot.  — KpUTUYECKas KOHLIEHTPaLMS XNOpUa0B, % MacChl BSXKYLLIETO;

C(a, tst) — KOHUEHTpaLwms XNopuaoB Ha rnybuHe a 3a Bpems fst, %
Macchbl BSOKYLLErO;

tst — NPOEKTUPYEMBIN CPOK CNyXObl, NET,;

Po — LieneBasi BePOATHOCTb OTKasa.

11.2.1.1.2 MepemeHHble a, Ccit. U C(a, ts) BomkHbl GbiTb ONpeaeneHsbl
KONUYECTBEHHO B NONTHOM BEPOSATHOCTHOM NpubnmxeHun. [na pacyeta MoryT
ObITb NCNOMbL30BaHbI METOABI, ONUCaHHbLIE B HACTOSLLIEM NOCOBUN.

11.21.2 MpepenbHble COCTOSIHUSI: TpewwpmHoo6pasoBaHue,
VHULMMPOBAHHOE KOPPO3WEN, OTCNansBaHne 1 paspyLlueHne —cm. 11.1.1.2.

11.2.2 MeTop YacTHbIX KOIPPULMEHTOB — CM. 11.1.2.

11.2.3 MeToa «peleHne, Kaxylleecs YAOBMETBOPUTENbHbIM» ——
cm. 11.1.3.

11.2.4 MeTog, «m3bexarb paspyeHusa» —cm. 11.1.4.

11.3 BnusiHve TpewmuH Ha KOPPO3uI0 apMaTypbl

11.3.1 MuHuUManbHas KOHCTPYKTUBHAA HAAEXHOCTb Xenes3oOeTOHHOW
KOHCTPYKUMU C TpewmHaMn AoimkHa OblTb COMOCTaBUMOWN MO BENUYUHE C
MWUHUMASIbHON HAAEXHOCTbIO KOHCTPYKUMKN ©e3 TpeLUWH, 3Kkcnnyatupyemon B
COMOCTaBUMBbIX YCINOBUSIX OKPYXXaoLLEN Cpeabl.

11.3.2 AHanoruuHo npoueaype, npusegeHHon B 11.1 u 11.2, Heo6x0aUMO
naeHTnULMpoBaThb HeXenartenbHble cobbITNA B OTHOLLUEHUMN
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paboToCnOCOBHOCTU/(OYHKLMOHANBHOCT  (NPefensHoe  COCTOSHWE  No
SKCMYTAUMOHHON NpUrogHocTh — SLS). Kpome Toro, HeoBxoanmo npoBepuThb,
BIUSIIOT NN Ha nNpegenbHble COCTOAHUS HENPEPbIBHaA KOppOo3nus apMaTypbl B
30HE TPELLVH Unu HeT.

11.3.3 Ecnu yHKUMOHANbHOCTb 3aTPOHYTa, PEKOMeHayeTcs usberatb
NOAXOA «NpPefoTBPALLEHNE YXYALLEHNS KauecTBay.

11.3.4 B cnyvyae HapylleHus CTPYKTYPHOW LENOCTHOCTU Heobxoaumo
NMPUMEHATb NOAXOA, «NpefoTBpaLLeHMe YXYALLEHNA KayecTBax.

114 Puck penaccuBauuM B OTHOWEHMU MNpeaBapuUTENbHO
HaNPsOKeHHOW CTanu

11.4.1 CnepyeT NPUMEHSTb COOTBETCTBYIOLLIME NPaBuna, NpUBEAEHHbIE B
11.1, 11.2 1 11.3, n n3beraTb genaccusaumu nNpegBapuTenbHO HANPSKEHHON
CTann Ha YPOBHE HALEXHOCTU — MPEAENnbHOro COCTOSHWE MO HecyLlen
cnocobHoctv (ULS) (Tabnuua 11.2).

11.5 3amopaxuBaHue/oTranBaHme 6e3 aHTMoGnegeHuTenen

11.5.1 MNonHbIA BEPOATHOCTHBIN METOA

11.5.1.1 MNpegensHoe COCTOAHUE — MOBPEXAEHNE NPKU 3aMopaKuBaHun/
oTTavBaHWW, Bbi3blBaOLLEEe JIOKaNbHYD NOTEPD MEXaHUYECKUX CBOWCTB,
TpeLmHooBpasoBaHne, oTkanbiBaHe U NOTEPU B MNONEPEYHOM CEYEHUN

11.5.1.1.1 B aTOM Cny4ae AOMKHO BbIMOMHATLCA CnegytoLlee ycrosune

P} = Prreezethaw damage = P {Scr = Sac(t< tst) < 0} < po, (11.9)

raoe p{} — BEPOSATHOCTb NOBPEXAEHNUA 3@ CHET 3aMOPKNBaAHNA/OTTaNBaHNS,
Scr — KpUTUYECKAs CTEMEHb HaCbILLEHUS,
SacTy — peasibHas CTeNeHb HaCbILLEHUs! BO BPEMS £,
ts. — NPOEKTUPYEMbI CPoK CnyxGbl, NET;
po — LeneBas BEpOATHOCTb OTKasa, Tabnuua A.5 [25].

11.5.1.1.2 NepemeHHble Scr W Sacty AOMKHbI OblTb oONpeAeneHbl
KOJIMYECTBEHHO B MOSTHOM BEPOATHOCTHOM NpUbAMKeHnW. [ins pacyeta moryT
ObiTb MCMONb30BaHbl METOAbI, ONMUCaHHbIE B HacTosllem nocobun, wunu
npueeaeHHble B [25].

11.5.1.2 nMpepenbHoe cocTosHue — nporG un  obpyLieHue,
MHLYLMPOBaHHbIE 3aMOpaknBaHnem/oTTamBaHueM.

11.5.1.2.1 Yto KkacaeTcs Hecylleld cnocobHoCcTM u pedopmauui,
TPaAWLIMOHHOE MPOEKTUPOBaHME [AO/MKHO BKMIOYATb  NOKanu3oBaHHble
MN3MEHEHUS MEXaHWUYECKNX CBOMCTB N3-3a NOBPEXAEHNS MOPO3OM.

11.5.2 MeToa, 4acTHbIX k03hPULIMEHTOB
11.5.2.1 B aTOM cny4ae gOMKHO BbINONTHATECA CneayioLLee ycnosune

Scrd— Sacrd(t <tst) 20, (11.10)
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roe Scrd: — MPOEKTHOE 3HAUYEHNE KPUTUYECKON CTENEHN HaCbILLEHMS,
Sacrd (t < tsL) — NPOEKTHOE 3HAYEHNE pearbHOW CTENEHN HacbILLEHUs BO
Bpems f;
tst — NPOEKTUPYEMBI CPOK CNy>Obl, NeT.

11.56.2.2 TlpoeKkTHoe 3Ha4YeHMe KPUTUHYECKON CTEMNEeHU HacbiLeHns
BbIUMCIIAETCSA N0 hopmyne

Scra= ScrRmin— AScr, (11.11)

roe  Scrmin — XapaKTEPUCTUYECKOE 3HAYEHWe KPUTWHECKOW  CTemneHu
HaCbILLEHVS (MUHUMATbHOE 3HajeHne);
AScr — 3anac KPUTUYECKON CTEMNEHW HACbILEHWS.

11.5.2.3 PacueTHOoe 3HA4YeHue KPWUTUYECKON CTEMEHN HacbILEeHUs
paccuMTbiBaeTcs no opmyne

Scr,a= Scr, min—AScr, (11.12)

roe Scrmin — XapaKTepUCTUHECKOE 3HAYEHWE KPUTUHECKON CTeneHn
HacbILLEHMS (MUHUMASBHOE 3HaYEHNE);
AScr — 3anac KpUTUYECKON CTENEHN HaCbILLEHWS.

11.5.2.4 PacuyeTHoe 3HauyeHue (aKTUYECKON CTEneHW HacbileHus B
MOMEHT BpeMeHU t Sacr.q (f) paccunTbiBAETCA NO hopmMyne

Sacr, d () = Sact (t) + ASacr, (11.13)

rae Sacrd— XapaKTepUCTUYECKOE 3HaYEHUEe KPUTUYECKON CTeneHn
HacbILLEHWS B MOMEHT BPEMEHM
ASacT — 3anac aKTU4eCKon CTENEHN HACILLEHNS (Harpysku).

11.5.25 B KauyecTBe npumepa npoLesypbl NPoeKkTMpoBaHus B [25]
NPVBOAUTCA NPUMEHUMBIA METOA, NPOEKTUPOBaHUs. MoryT Ucnosnb3oBaTbcs 1
apyrve MeToAbl MpU  YCnoBuM COOMIOAEHWSI  OCHOBHBIX — MPUHLMMOB,
chopMySIMPOBaHHBIX B HACTOSILLIEM NOCOBMMN.

11.5.3 MeTog «peLleHne, kaxyuwleecs ya0BNeTBOPUTENbHbLIMY

11.5.3.1 B pamkax 3Toro noaxoaa MOoXeT OblTb YCTaHOBMNEH KOMMNPOMMUCC
MeXgy nepeMeHHbIMKY, CBSA3aHHLIMW C WMEILLUMMCA MNPOCTPaHCTBOM Ans
pacLumpeHus (BO3AYXOBOBNEYEHUE), marepuarnom (xapakTepucTukm
He3amep3aloLlel Bogbl) U cTapeHnem (kapboHusaums).

11.5.4 MeTog NpeaoTBpaLLeHns yxyaLeHUsa COCTOAHUSA
11.5.4.1 Kak npasBuno, npepoTspalleHne YXyALIEHUS COCTOAHWUSA
JOCTUraeTcsl, eCnm yxygLLeHne MOPO30CTONKOCTU HE MOXKET NPON3oNTH U3-3a
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6eCKOHEYHOrO CONPOTMBIIEHUS MaTepvana MOPO3HOMY PaspyLUEHUIO WUnu
HYNEeBOW Harpy3kn OKpyKaroLLen cpeabl.

11.6 BospnenictBune 3aMmopaxueaHusa/oTrauBaHusA c
aHTHoOnegeHuTensiMu

11.6.1 lNonHbIN BEPOATHOCTHBIN METOA
11.6.1.1 YpaBHeHue npeaenbHOro COCTOAHMSA AN MOBEPXHOCTHOrO
OTCnanBaHus, BbI3BaHHOTO 3aMOPaXXMBaHMEM/OTTAaUBAHUEM B CONAX

Pf} = Pscaiing = PIT(E < t s1CH — TRRH(T), T(®), ...) <0} <po, (11.14)

raoe p{}  — BEPOATHOCTb OTCNAVBAHWUS;
T(t...) —Temnepatypa 6eToHa, rpag K;
TR(t,...) — xpuTUdecKan TemnepaTtypa 3amepsaHua ANna OTCrnaMBaHusi BO

Bpems f;
tse — NPOEKTUpYEeMbIN CPOK CyXObl, NET,;
po — uenesas BEpOATHOCTb oTkaza. Tabnuua A.5 [25].

11.6.1.2 MNMepemeHHble T U Tr AOMKHbI OblTb onpeaeneHbl B NOSIHOM
BEPOATHOCTHOM NpUBNMKeHnN.

11.6.1.3 ns pacyeToB MOryT ObITb UCMOMNb30BaHbl METOAbI, ONMUCAHHLIE B
HacTosLweM nocobum, a Takke MeTobl, NpUBEAEHHbIE B [25].

11.6.2 lNpepensHoe cocTosiHWe — nporvd n obpyLUeHne, HAYLMPOBaHHbIE
3amopaxvBaHuem/oTTaveaHmem —cMm. 10.5.2 1 10.6.1.1.

12 MpounsBoacTBo padboT U ynpaBneHne Ux kKaueCTBOM

12.1 OGwWwme NonoxeHus

12.1.1 TpoekTupoBaHWe Xene3oBeTOHHbIX KOHCTPYKUMIA NO  UX
KU3HEHHOMY LIMKIY B COOTBETCTBUM C HACTOALLMM nocobuem npegnonaraer,
YTO COBNI0AAI0TCS MUHUManbHbIE TPeboBaHUSA K NPOV3BOACTBY U YNPaBMNEHNIO
UX Ka4eCTBOM, npueegeHHble B CN 70.13330 1 CIN 130.13330, a Takke FTOCT
P 57359, Bkntoyas AONOMHEHUS, NPUBELEHHbIE HUXKE.

12.2 Cneuudmkaums npoekra

12.2.1 CneundmKaumsa NpoeKkTa AoMmKHa COaepXKaTb TEXHNYECKNE JaHHbIe
N TpeboBaHWSA K KOHKPETHOMY MPOEKTY, NOATOTOBNEHHbIE AN AOMONHEHNS U
YTOUHEHUs TPeBOBaHUIA YKazaHHbIX BbllLe HOPMATUBHbLIX JOKYMEHTOB.

12.2.2 Tpu 3TOM NpeanonaraeTcs, 4To cneludukaLms NpoeKkTa BKIoYaeT
BCIO HeOOXOAMMYK WHOpMaumio U TexHudeckne TpeboBaHma ans
BbINONHEHUs1 paboT W CornalleHnin, 3aKtOHYEHHBIX B XOAE CTPOUTENbLCTBA.
Takum o6Gpasom, cneuudukaums MpoekTa [OIKHa CoaepxaTb BCe
TpeboBaHus kK MaTepuanam, Npou3BoACTBY PabOT U KOHTPOMIO KavecTBa Ans
[aHHOrO KOHKPETHOro cnyyasi.
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12.3 YnpaBneHue KaueCTBOM

12.3.1 YnpaBneHve ka4yecTBOM NPOU3BOACTBA PaboT MOXET BKNOYATb B
cebs nnaH kayectsa no FOCT P MCO 10005 n npoBepKy BbINONHEHHBIX paboT.

12.3.2 NnaH obecnevyeHns KayecTea

12.3.2.1 Ecnu creundukaumsa npoekta TpeOyeT paspaboTky nnaHa
Ka4yecTBa, TO B Hel JOMKHO ObiTb yKasaHO, Kakme 3NeMeHTbl OH AOSKEH
BKIOMaTb.

12.3.2.2 MNnaH obecneyeHns Ka4yecTBa MOXKET BKNOYATb Takue anemMeHTbl,
KaKk KOMNETEHTHOCTb U Hagnexallasi NoAroTOBKa NepcoHana, opraHusauus
npoekTa u npoueaypbl €ro BbINOSHEHUS.

12.3.3 MNposepka BbINONHEHHbLIX paboT

12.3.3.1 B xope peanusauum npoekta OCYLLECTBNAETCA Heobxoaumas
npoBepka Ans  OUEHKNW COOTBETCTBUSA  BbINOMHEHHOW paboTbl U
JOKYMEHTUPYIOTCS €€ pe3ynbTaThl.

12.3.3.2 Cneuudvkaums npoekta MOXET coaepxatb TpebosBaHua K
«BCTPOEHHON AOKYMEHTaLun» B 3aBUCUMOCTU OT crieumndukn akTnyeckoro
NMPOEKTa KU3HEHHOro Uuukna». Takon crneundukon MOoXeT ObiTb
[JOKYMEHTUPOBaHNE  JOCTUIHYTbIX  MNPAMbBIX  BXOAHBIX  MapameTpos,
NPUMEHSIEMbIX B MOAENAX NPOEKTUPOBAHUS NO NapameTpam AONrOBEYHOCTY,
Takux Kak, Harnpumep, koapduumeHTbl Anddysum, TonwyHa NOKPLITUA K
apmarype u T.4.

12.3.4 [leicTBUS B CryYae HECOOTBETCTBUSA

12.3.4.1 [Ona onpeaeneHus Habopa MUHUManbHbIX TpeboBaHWA K
3KCMNyaTaumMoHHbIM  Xapaktepuctukam GeToHa B KadYecTBe  3TanoHa
HeobXoAMM HOPMAaTMBHBIN AOKYMEHT, MOATOTOBMNEHHBIN B COOTBETCTBUM C
NPUHLUMNAMK, U3NOXEHHBIMW B HacTosweM nocobun. B kauecTtBe OCHOBbI
crneanyet ucnonb3oaTe TpebosaHmsa FTOCT 25192, TOCT 7473, FTOCT 26663,
FOCT 31384.

12.3.4.2 Ecnu npoekTmpoBaHmne no XXU3HEHHOMY LIMKIy OCHOBbLIBAETCSA Ha
3KCMNyaTaUMOHHbIX XapakTepucTukax 6eToHa, OHW MOryT ObiTb 3aMEHEHbI
TpeboBaHMAMM K cocTaBy cMecu MO0 Ha 3Tane NpPOeKTUPOBaHUS,
OCHOBaHHOM Ha npeablayLemM onbite, MMGo Ha NepBoHaYanbHbIX UCTILITAHUAX
Ha aTane cTpoutenbcTea. lNpn aToM HeoGXOoAMMO ykasbiBaTb, SBASAIOTCA N
3KCMnyaTaumoHHble TpeboBaHMa K COCTaBy CMECH LeneBbiMi UK
XapakTepHbIMW 3HAYEHUAMM.

12.3.4.3 Ecnn npoekTvpoBaHWe MO XU3HEHHOMY LIMKNY OCHOBAHO Ha
APYrX XapakTepucTukax maTtepuana, Yem Te, KOTopble paccMaTpuBaloTCs B
HOPMaTMBHbIX AOKYMEHTax Ha BETOHbI, yKadaHHbIX BbiLLe (T. €. TUM LEeMEeHTa,
BOJ,OBSXKYLLIEE OTHOLLEHUE, CoLepKaHne LeMeHTa, CBOMCTBa 3anonHUTENER n
HanoMHUTeNen n T.4.), U CPOK CNyxObl KOHCTPYKLMIA 3aBUCUT OT NPOBEPKN 3TUX
XapakTepucTMk marepuana BO BPEMsi CTPOMTENBCTBA, Ccneuudukaums
MpPoeKTa LOMKHA CCbINaTbCA Ha COOTBETCTBYHOLME METOAbl WUCMbITAHUA W
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CTaTUCTUYECKYIO UHTEPNPETALMIO PE3YNLTaToB (HanpuUMep, XapakTepHble Unn
LieneBble 3HaYeHNs).

13 TexHMueckoe 06CNyXMBaHUE U KOHTPOSIb COCTOSHUA

13.1 O6wue NonoxeHus

13.1.1 Hacroswmi pasgen coaepxut obLLYy OCHOBY ANSt TEXHUYECKOrO
obcnyxuBaHUA W KOHTPOMS COCTOSIHAS B TeYeHue cpoka CnyxObl
Xene306eTOHHbBIX KOHCTPYKLUWUNA.

13.1.2 B npunoxeHnn A 4aloTCA pekoMeHAauun OTHOCUTENBHO CTEMNEHU
WHCMEKLMU/ MOHUTOPUHIA KOHCTPYKLMM B TEUYEHUE ee cpoka cnyxbbl. Tabnuua
A.6 onpeaenseT «ypoOBHU KOHTPONSA COCTOSIHUS» B KauecTBe PYKOBOACTBA K
anddpepeHumaumm  HageXHOCTHW, KoTopas OyAeT MUCnonb3oBaTbCA Npu
NMPOEKTUPOBAHUM  KOHCTPYKUMIA MO  napameTpam  [ONrOBEYHOCTN U
NMPOrHO3UPOBAHUMN UX CPOKA CNYXObI.

13.2 TexHuueckoe o6cnyxuBaHue

13.2.1 B HacTosileM METOANYECKOM NOCOOUM TEPMUH «TEXHUYECKoe
obCnyxnBaHme» WCNoNb3yeTcA B OTHOLLIEHUM MEPOMPUATUN, KOTOpble
NNaHNpyeTcst OCYLLECTBNATb B TEYEHUe CpoKa Cry>Obl KOHCTPYKLUMA, C TEM
4yTOObl OBecneynTb BbINOMHEHWE AONYLUEHUA, COAepXalumxca B MpoekTe
«KW3HEHHOro LmMKna».

13.2.2 B nnaHe TexHW4eckoro oOCNyXWBaHUS YKa3blBAOTCA BUA W
NePUOANYHOCTb NIaHNPYEMbIX MEPOMNPUSTUIA.

13.3 KOHTPOJSIb COCTOAHUA KOHCTPYKLUIA B TeYEHUE CpoKa CrnyXObl

OueHKa COOTBETCTBMA MOXET NPOBOAUTLCA NyTEM  BU3YasbHbIX
HabnigeHUA U CYXAEHWIN, CONPOBOXKAAEMbIX B COOTBETCTBYHOLLMX CNyYasx
N3MEPEHUSIMU, UCTMBbITAHUSMU N N3MEPEHUAMM.

Cpok crnyxGbl KOMNOHEHTA NN CTPYKTYPbl BCErAa CBA3aH C OLHOW MSn
HECKONBKMMM HEOBXOAMMbIMU Py HKLMSMW 3TOFO KOMMOHEHTA WIN CTPYKTYPbI.

MosTtomy nnaHnpyemble MeponpusTUa no
WNHCNEKTUPOBAHNIO/MOHUTOPUHIY AOSDKHBI ObiTb COCPeAoTOYEHbl Ha OLEHKe
MPOEKTHbIX AaHHbIX, MPUMEHAEMbIX B 3TUX MOZENsX U3HOCa.

13.3.1 OCMOTpP U KOHTPOMNb COCTOSAHUS KOHCTPYKLMIA B TEYEHUE X CpOKa
CNyx0Obl

13.3.1.1 B HacTOosileM nocobuum TEepMUH «UHCMEKUMUSi» O3HaYaeT
JEeATEenNbHOCTb MO OLEHKE COOTBETCTBUSA MPOEKTHBLIM AaHHbIM ANS LEeACTBUA
n/vnn CBOWCTB Marepvana Wunu npoaykTa, MPUMEHSEMbIX B MPOEKTe
JKUSHEHHOrO LMKMa Ha Mepuojuyeckod OCHOBE B TeYeHWe cpoka CryxObl
KOHCTPYKLUMU, B TO BPEMS Kak TEPMUH «MOHUTOPUHI» O3HAYAET Te XKe Camble
[LEenCTBUA, HO Ha MOCTOSIHHON ocHoBe. OCHOBOWN NpoBefeHust paboT Cny»uT
FOCT 31937.
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13.3.2 MNnaH KOHTPONSA COCTOSAHWNSA KOHCTPYKLMIA
MnaH KOHTPONA COCTOAHUSA JOIMKEH CoAepxaTh Crneaylome pasaensb:

- KaK1e BUAbI MHCNEKUWIA / MOHUTOPWHIA AOMKHbBI MPOBOAUTLCS;

- KaKNe KOMMOHEHTbI KOHCTPYKLMW NOZNEXaT NPOBEPKE/MOHUTOPUHTY;
- NEPUOAUYHOCTb NPOBEAEHUS MPOBEPOK;

- KpUTEPUM SPMEKTUBHOCTU, KOTOPBIE AOIKHbI BbiTb BEINOMHEHDI

- TpeBoBaHUS K AOKYMEHTUPOBaHUIO PE3YIIbTATOB;

- AENCTBUS B ClyYae HECOOTBETCTBUS KPUTEPUSM.

13.4 OeitcTBUA B cCny4yae HECOOTBETCTBUA

Ecnu npoBepka/MOHUTOPUHI MOKa3blBAET, YTO WUCXOAHLIE AONyLLEHUS
NPOEKTNPOBAHWUSA MO XU3HEHHOMY LMKIY HE BbIMOMHSIOTCS, TO LOMMKHO ObITb
NPEANPUHATO OAHO UM HECKONBLKO N3 CNEAYIOLMNX JENCTBUNA.

13.4.1 Pacwupenne cdepbl oxsata obcnenosanuns aekTMBHOCTU AnS
MOBbILLEHWUA KaYyecTBa U penpe3eHTaTUBHOCTU JaHHbIX.

13.4.2 BbINOnHeHWe nepecyeTa WCXOAHOro MPOeKTa Mo napameTpam
AONroBeYHOCTMN ANA OLEHKU OCTAaTOUHOrO cpoka Cny6bl KOHCTPYKUMK. HoBbIN
pac4yeT fomkeH ObiTb AOMNOMHEH AAHHBIMU ANA BO3AENCTBUIA, MaTepuasios v
NMPOAYKTOB, MOMYYEeHHbIMA NPU  aHanu3e COCTOSHWUSA  KOHCTPYKLMA,
IKCMMYaTUPYIOLLMXCA B KOHKPETHbIX MecTax. lepenpoekTtuposaHve LOMKHO
COOTBETCTBOBATL MpoLUeaypam u TpebOBaHUAM, U3NOXEHHbIM B pasgenax
HacTosILLEero MeTogu4yeckoro nocobus.

13.4.3 KoHCTpyKumMst AomkHa GbiTb OTPEMOHTUPOBAHA UMM ycUneHa ans
NEUBEAEHUS €€ XapakTepuCTUK B COOTBETCTBME C COrNMacoBaHHbIMW
NMPOEKTHbIMA  NPeanonoXeHnaAMN. PeMOHT pomkeH OblTe OCHOBaH Ha
YaCTMYHOM UMK MONHOM MepecyeTe NnepBoHaYaribHOMO MPOEKTa KNU3HEHHOrO
LMKria, Kak ykasaHo B 13.4.2.

13.4.4 KOHCTPYKUMSA AOmMkHa ObiTb AONOMHUTENBHO 3aluilieHa, YTobbl
YMEHbLLUNTb arpeccusHble BO3LeNCTBMSA. 3awmTta AOmMKHA OCHOBLIBATLCHA Ha
nepecyeTe nepsoHavanbHOro NPOEKTa XU3HEHHOTO LMKIa.

13.4.5 KoHCTpyKUumMs gomkHa ObiTe BbIBELEHA U3 SKCNyaTauum.

13.5 Ang CyLlecTBYOLMX KOHCTPYKLUMWA 3aTpaTbl Ha AOCTMXeHWe Gonee
BbICOKOTrO YPOBHS HaAeXHOCTU 00bluHO Bonee BbICOKM N0 CPaBHEHWIO C BHOBb
NPOEKTUPYEeMbIMU KOHCTPYKUMAMKU. [0 3TOM NpUYMHE LIENEBON YPOBEHb
HaZleXXHOCTV AN NEPENPOEKTUPOBAHUS Cpoka CnyxObl CyLLECTBYHOLLMX
KOHCTPYKUMIN OBbIYHO AOMKEH ObITb HUXE.

13.6 Kputepum npurogHOCTH K aKCnnyaraumm, NpUMeHsSEMbIE NpU oLeHKe
JKU3HEHHOrO LMKNa, AOMKHbI ObITb ONpeaeneHbl ANs NPOeKTa U CornacoBaHbl
¢ Byaywmm BnagenbLeM Unmn aKCNyaTUpPYHOLLEN OopraHM3aume.
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MpunoxexHune A
(cnpaBouHoe)

YnpaBneHue HaaeXHOCTbIO Ha CPOK CIYXObl Xene3o6eTOHHbIX
KOHCTPYKLMI NPU UX NPOEKTUPOBAHUM MO XKM3HEHHOMY LMKy

A1 OcoBeHHOCTU nNpPUMEHSAEeMbIX MaTepuanoB W  KOHCTPYKTUMBHbIX
peLLeHun TpedytoT Bonee TOYHOro NOAXO0AA K PELLEHMIO 3a4a4n yCTaHOBIIEHNS
HOPMaTUBHBIX CPOKOB CRyxObl Xene300eTOHHbIX KOHCTPYKUMIA 34aHUA U
COOPY>XEHUI, CNOXHOCTb KOTOPOW 3aKMioyaeTcs B TOM, 4YTO OTAENbHblE
3NeMeHTbl 34aHVA M COOPYXEHUA UMEKT CWIbHO  pasnuyaroLmecs
HOpMaTuBHblIE CpOKW Cnyx0Obl npu ycTaHoBneHHbix B [OCT 27751
peKoMeHAYEMbIX CpoKax Cryx0bl 34aHNA U COOPYXeHU, B Lenom (Tabnuua
A1)

Tabnuuya A.1 — PekomeHAayeMble CPOKU cnyx6bl 34aHUA U COOPYKEHUN

MpumepHbIA cpok

HanmeHoBaHne obbekTa
cny0bl, neT

BpemeHHble 3aaHUA U coopyeHusi (6bITOBKM CTpoUTENbHBIX pabounx 1 10
BaxTOBOro NepcoHana, BpeMEHHbIE CKnaabl, NETHUE NaBUMbOHbLI U T.0.)
CoopyxeHus, akcnnyaTMpyemble B YCMOBUAX CUINbHOArPECCUBHbLIX Cpegd He menee 25

(cocyapbl n pesepsyapsbl, TPybonpoBoAbl NPeANPUATUN
HedTenepepabaTbiBaloLLEN, FA30BOM U XMMUYECKOW MPOMBILLNEHHOCTH,
COOPYXXEHUA B YCNOBUAX MOPCKOW CPeAbl U T.M.)

3AaHNsA N COOPYXEHUA MAcCOBOTO CTPOUTENLCTBA B OGbIYHbIX YCNOBUSAX He meHee 50
akennyaTauum (3aaHNs XXUNULLHO-TPaXAaHCKOro 1 NPOU3BOACTBEHHOIO

CTPOUTENLCTBA)

YHuKanbHbIe 34aHUSA U COOPYXEHMUS (34aHNS OCHOBHbIX My3€€eB, XPaHUALL 100 v 6onee

HaLUOHarbHbIX U KyNbTYPHbIX LLeHHOCTEN, NPOM3BELEHUS
MOHYMEHTarnbHOro UCKYCCTBa, CTaAUOHbI, TeaTpbl, 34aHNS BbICOTON Gonee
75 M, 6onbLIENPONETHbIE COOPYKEHMS M T.1.)

A2 [Ina kaxpgoro coopyxeHus, cornacHo FOCT 27751, Heobxoaunmo
ycraHosuTb ero knacc (KC-1, KC-2 unu KC-3) B 3aBMCMMOCTM OT Ha3Ha4YeHns
N coumanbHbIX, 3KONOTUYECKNX U IKOHOMUYECKNX MOCNEACTBUIA, NOBPEXKA EHNNA
N paspyweHuin. B 3aBMCMMOCTM OT Knacca COOPYXEHWA npu  Ux
NPOEKTUPOBAHUN HEOBXOANMO UCMONb30BaTh KOSMPULNEHTLI HALEXKHOCTN NO
OTBETCTBEHHOCTW, MUHUMarbHbIE 3HAYEHUS KOTOPbIX NPUBEAEHbI B Tabnuue
A2

Tabnuua A.2 — MuHuMmanbHble 3HaYeHus KoacpcpuumeHTa HaaeXHOCTHU Mo
OTBETCTBEHHOCTHU

Knace MuHMManbHbIE 3HaYeHWs
. YpoBEHb OTBETCTBEHHOCTHU koadhpULMEHTa HaLEXKHOCTU NO
COOPY>KEHWUN
OTBETCTBEHHOCTU V»

KC-3 MoBbILWEHHbIN 1.1

KC-2 HopmanbHbi 1,0

KC-1 MMOHWKEHHbIN 0,8
MpumeyvyaHune — Ona 3ganuin BbicoTon 6onee 250 m 1 BonbLLENPONETHLIX COOPYXXeHuit (be3
NMPOMEXYTOYHbIX ONOp) ¢ NponeTom Gonee 120 M KOSPPULMUEHT HAZEKHOCTU MO OTBETCTBEHHOCTU
cnegyeT npuHumaTb He meHee 1,2 (v, = 1,2).
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A.3 Knacc v ypoBeHb OTBETCTBEHHOCTW COOPYKEHUM, a TaKKe YNCNEHHbIE
3Ha4eHus KoathpuLmeHTa HaJEXHOCTU no OTBETCTBEHHOCTU
YCTaHaBMNMBAIOTCA MEHMNPOEKTUPOBLLMKOM MO COrMacOBaHUI0 C 3aKa3dukoM B
3ajaHny Ha NPOEKTUPOBaHME, HO HE HIKe TEX, KOTOPbIE YKasaHbl B Tabnuue
A2

MpunBeaeHHbIe Knacchl U YPOBHU OTBETCTBEHHOCTU COOPYXEHWUIA crneayeT
YUYUTLIBATD!

- NPV OLEHKE A,0NTOBEYHOCTU 3[aHUNA U COOPYKEHWIA;

- npw paspaboTke HOMeHKNaTypbl 1 06bEMAa NPOEKTHLIX paboT, a Takke
NPOBOAUMBIX  WHXEHEPHbIX M3bICKAHUAX M 3KCMEPUMEHTAsbHbIX
ncecneaoBaHusXx;

- npw pa3paboTke KOHCTPYKTUBHbBIX PELLEHUA HAL3EMHON N NOA3eMHOM
YacTein COOpYXeHUN;

- npu paspaboTke NporpaMm Hay4YHO-TEXHUYECKOrO COMPOBOMAEHMS,
NPy NPOEKTUPOBaHNM, U3FOTOBNEHUN N MOHTaXE KOHCTPYKUWIA,

- npu paspaboTke npaBun NPUEMKU, WUCMLITAHWIA, 3KChnyaTauum u
TEXHUYECKOWN ANArHOCTUKN CTPOUTENbHBLIX OObEKTOB [3].

A4 B [3] copepxutcsa knaccuukaums 3agaHHbIX CPOKOB CnyObl
(Tabnuua A.3), HECKONbKO OTNM4YalLLMecs OT ykasaHHblX B TOCT 27751
(tabnmua A1), a Takke wuHaa AudpdepeHumaums  HaaEXHOCTM
»#ene3obeToHHbIX KOHCTPYKUMIA, rae knacceel nocneactseuin (CC) ycTaHOBNEHbI
nyTeM pacCMOTPEeHUs NOCNEACTBMI OTKa3a NN HEUCNPABHOCTU KOHCTPYKUUA
(Tabnuua A.4). B [3] npUMEHSAIOT TEPMUH «PacHETHbIN CPOK paboTbly, YTO
MOXHO MHTEPMNPETUPOBAaTL Kak MUHUMAarbHbIA TpeByeMblil CPoK ChyxObi.

Tabnuua A.3 — Knaccudmkauma pacyeTHbIX CPOKOB CIyXObl

Kateropus pacueTHoro PacueTHbIn cpok

Mpumepsl
cpoka akcnnyaraumm 3kcnnyarayuv, net

1 10 BpeMeHHbIe KOHCTPYKLuK'

3ameHsieMble KOHCTPYKLMKN, Hanpumep,
2 Ot 10 g0 25 noAkpaHoBble 6anku, HEKOTOpPbIE 3NEMEHTbI
OMOPHBIX KOHCTPYKUWA.

CoOopyKEHNS CENbCKOro X03AUCTBa U

3 Ot 158030 aHanorMyHole UM.

4 50 3aaHus u apyrve coopyxeHus obLyero
HasHauyeHus

5 100 MoHyMeHTanbHble 34aHusA, MOCTbI U Apyrue

MHXEHEPHbIE COOPYXKEHUS

T CoopyxeHMWs UMM ero 4act, AEMOHTUPYEMble ANl MOBTOPHOrO WCNOMb30BAHWS, HE AODKHbI
PaccMaTpPUBaTLCA KaK BPEMEHHLIE KOHCTPYKLUK
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Tabnuua A.4 — OnpepeneHue Knaccos NocneacTBUmn

Knacc Onucanue lMpumepbl CTpOUTENBLHO-
nocneacTBumn MOHTa)HbIX paboT

CC3 Tskenble NOCNeACTBUs, CBA3aHHbIE C | TpubyHbl, OBLECTBEHHbIE 34aHWS,
YernoBeYECKMMU XEPTBAMW UMW OYEHb | rAe MOCreAcTBMA OTKasa BbICOKU
6onbLuMe IKOHOMUYECKME NOTEPU, UMK | (Hanpumep, KOHLUEePTHLIV 3arn)
o4yeHb 6onbLuon yuiep6 ans
OKpYXatoLwen cpeabl

CC2 MocnegcTsus, CBf3aHHbIE C | >unble © odUCHbIE 3aaHUg,
YenoBeYEeCKMM XKepTBamu, unu | obLlecTBeHHble  3JaHus,  rae
3HauUTEnNBHbIE 3KOHOMUYECKUE MOTEPW, | MOCNEACTBUA aBapun — cpegHue
UNK  3HauuTenbHbIM  ywepd  Ans | (Hanpumep, opUCHOe 3aaHne)
OKpY>KatoLLel cpeabl

CC1 Huskne NoOCnNeaCcTBUs ans | CenbCKoOXO3ANCTBEHHbIE 34aHUS,
4YenoBeYecKkmx KU3HER, a | kyga nogn obblYHO He 3axoaaT
3KOHOMWUYECKME,  couuanbHble  WUnu | (Hanpumep, cknagbl "
3Konoruyeckme NOCNEACTBUA | XpaHUNULLA), «3eneHble» oma
HeBonbLUME UMW He3HAYUTENBHbIE

A.5 C tpems knaccamu nocnegctemn CC1, CC2 n CC3 [3] cBsizaHbl Tpy
knacca HagexHoctn RC1, RC2 n RC3, pasnuyaromecs no koapmumeHTam
HagexHocTu B. B Tabnuue A.5 npuBeeHbl pEKOMEHAYEMbIE MUHUMATbHbIE
3HaYeHnsa KoahprUMeHTa HaaEXKHOCTH, CBA3AHHOTO C Knaccamm Haf,eXXHOCTH.

Tabnuua A5 - PekomMeHayeMbleé  MMHUMMAanNbHble  3HaYyeHus
KoadpchuumeHTa  HageXHOCTU B Ana UCMNoJib30BaHUA npu
NPOEeKTUPOBaHUU MO XU3HEHHOMY LUKy (pacCcuYuTaHHble Ha pacYeTHbLIN
CPOK CnyX6bl)

Knacc OnucaHue Knacc SLS! uLs

akcnnyarauum — HagexHocTn | [enaccuBauusa®® | PaspylueHue

Eurocode 2

XC? RC1 1,3 (p=107) 3,7 (p=10%)
Kap6oHusayus RC2 1,3 (p=107) 4.2 (p=10%)
RC3 1,3 (p=107) 4.4 (p=109)
XD? Conu- RC1 1,3 (p=107) 3,7 (p=10%
RC2 1,3 (p=10") 4,2 (p=10%)
aHTnobneaeHuTenu RC3 13 (pe107) 4.4 (p=109)
XS RC1 1,3 (p=107) 3,7 (p=10%)
Mopckast Boga RC2 1,3 (p=10") 4,2 (p=109)
RC3 1,3 (p=107) 4.4 (p=10°)

L HagexHocTb npeaenbHOro COCTOSHMA MO 9KCniyaTauuoHHOM npurogHoctn (SLS) npu
koadpdpuumente B = 1.3 B pesynbTaTe MOXET NPUBECTU K OONee HU3KOWM HaLEXHOCTU NPEeaenbHOro
COCTOAHNA MO Hecywel cnocobHocTu (ULS), yem 0BbivHO Tpebyetcs B HopMax (cMm. ISO 2394). 310
03HayaeT, YTO AN OYEeHb arPeCcCMBHOrO knuMara TpebytoTcs 6onee BbICOKUE 3HAYEHUS Pss.

2 [lenaccnBauua NMOBEPXHOCTHOTO apMMPOBaHUA B 30HE BO3LEWCTBMSI NMPOEKTHOM Harpyskum Ha
OKpY>KatoLLyto cpeay.

3p crnyvasx ¢ JOCTaTo4HbIM AOCTYNOM KMCNOPOAA W Bnaru Ans noanepxkm Kopposuu.

A6 Mpeanaraemas Knaccugukaums ans NPOEKTUPOBaHUS
AONrOBEYHOCTU Xene300eTOHHbIX KOHCTPYKUWA npuBeseHa B Tabnuue 7.2
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HacTrosiwero nocobusi. Kpome Toro, B Tabnuue npuseaeHsl TpeboBaHus no
CpOKy Crnyx6bl U KO3MULMEHTLI HAAEXKHOCTU NO Harpy3kam U MaTepuanam.
PacueTHbI cpok cny>kBbl HAXOAAT U3 YpaBHEHUS

ta = vy, (A1)

rae fq — pacyeTHbIN CPOK CNy>xObl;
Yt — KO3POULIMEHT HAZEXHOCTM NO CPOKY CNyXDbl;
ty — 3apaHHbIA CPOK Cry>Obl.

Mpy aTom HeoGxoauma NpoBepka Ha BbINONHEHWE ycnosus: m <0,7, rae
m — OTHOCUTESNbHOE CHMXKEeHNE koadhdmumeHTa 3anaca 3a nepuog ot 0 Ao fy
ner.

A.7 AHanus BNUSAHWS OKPYXXatoLLen cpeabl NogpasyMeBaeT onpeaeneHue
KNMMaTUYEeCKUX YCIIOBUM, Hanpumep, ydeT konebGaHuin Temnepatypbl W
BMaXKHOCTW, AOXAEW, KOHAEHCauMnm Bharu, 3aMepsaHusl, COSMHEYHON
pagvaumun, BO3LEWCTBUA 3arpsA3HEHHOro BO3fyXa, a Talkke reornornvyeckux
YCIOBWIA, HANPUMEpP, YPOBHS FPYHTOBbIX BOJ, BO3MOXHOIO KOHTaKTa C MOPCKON
BOAOW, 3arpssHEeHWs1 MOuYBbl arpPecCMBHbIMU  peareHTamu, Hanpuwvep,
cynbatamu unu xnopugamu. Kpome Toro, Heo6xog4UMOo TaicKe BbIABNATL U
paKTopbl BO3AENCTBUA, CBA3AHHbIE C 4YENOBEYECKON AEATENbHOCTHIO,
Hanpvmep, NpUMeHeHne coner-aHTuobneaeHuTenen Ha goporax, NPOAYKTbI
abpasnBHOro BO34ENCTBUSA TPAHCMOPTa U T. 4.

A8 B Tabnuue A.6 nokasaHbl TPU BO3MOMHbLIX YPOBHSI KOHTPONS
paspabotkn npoekta (DSL). YpoBHM Hap3opa 3a NPOEKTUPOBaHUEM MOMyT
ObITb NPVBA3aAHbI K KNACCy HaAEKHOCTW, HA3HAYEHHOMY UNW BbIOPaHHOMY B
COOTBETCTBUMN C OTBETCTBEHHOCTbIO KOHCTPYKUMW WU B COOTBETCTBUM C
HauMoHanbHbIMW  TPEOOBaHMAMW WM HOPMATUBHBIMW  AOKYMEHTaMU NO
NPOEKTUPOBAHMIO, U peanu3oBaHbl MOCPEACTBOM COOTBETCTBYIOLWMUX Mep no
YNpaBneHno Ka4eCTBOM.

Tabnuua A.6 — YpOBHM KOHTpONsA pa3paboTku npoekra (DSL)

MuHumaneHble pekoMeHayemMble

YpOBEHb KOHTPONS Xapakrepucruka TpeboBaHUA K NPOBEpKE pacyeToB,
YepTexen N TEXHUYECKUX YCIOBUIA
DSL3 MpoBepka TpeTbel CTOPOHOW: NpOBeEpkKa,

PaclumMpeHHbIii KOHTPOSb | BLINOMNHSAEMAst OpraHusayuen, OTINYHON OT
TOW, KOTOPAs BbINOMHMUIA NPOEKT

DSL2 } MNpoBepka ApPYrUMA nuLEAMKU, YeM Te, KTO
OO6bIYHbIN KOHTPONb N3HavanbHO ABMSIETCS OTBETCTBEHHbIM B
COOTBETCTBUM C NpoLieypor opraHusayum.
CaMOKOHTpONb: MpoBepka, BbiNOMNHsemast
nuLoM, pa3paboTaBLUMM MPOEKT.

(cooTtHocuTtcs ¢ RC3)

(cooTHocuTea ¢ RC2)

DSLA1
(cooTHocuTcs ¢ RC1)

OB6bIYHbBIN KOHTPONb

A.9 ina anddbepeHumaumm ynpasneHus KayeCTBOM CTPOUTENbCTBA MOTyT
ObiTb BBEAEHbI TpU Krnacca BbiNONHeHus paboT (Tabrmmua A.7). Knaccel
BbINOMHEHUA MOryT OblTb CBSi3aHbl C Knaccamu YNpaBlEHUs KadyeCTBOM,
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BbIGpaHHLIMM U peanu3oBaHHLIMU C MOMOLLBI) COOTBETCTBYHOLLMX MEp U
MPOEKTOB YNPaBMEHNs KAYECTBOM.

Tabnuua A.7 — Knaccbl BbinosiHeHust pa6ot (EXC)

Knace seinonterins XapakrepucTuka TpebosaHune
pabot
EXC3 PacLumperHoe MHenekums TpeTben CTopoHoN
(cooTHocutcs ¢ RC3) VMHCNEKTUPOBaHNE
EXC2 OBbI4HOE MHCTIEKTUPOBaHME MHcnekuus B COOTBETCTBUM C
(cooTtHocutcsi ¢ RC2) npoueaypon opraHvaauymm
EXC1 Normal inspection CamouHcneyms
(cooTtHocutcst ¢ RC1)

A.10 Ons obecneyeHws cpoka CryxObl 34aHUA, COOPYXEHUS WNKN UX
KOMMOHEHTOB YPOBEHb MOHUTOPWHIA 1 HAGNIOAEHWUIA BO BPEMS SKCnslyaTaumm
— pellarwmin Ans COOTBETCTBYIOLLErO YPOBHA HaaekHoCTW. C aToi uenbio
MOXHO UCMOMb30BaTh YPOBHW KOHTpONsA coctosHus (CCL) B TeyeHune cpoka
cnyxObl, ONUCaHHbIe B [26] 1 NpuBegeHHble B Tabnuue A.8.

Tabnuua A.8 — YpoBHU KOHTpONs ycnoBuit akcnnyartauumn (CCL)

YpoBeHb XapakrepucTuka TpeboBaHue

CCL3 Paclumperras nHcnekyus | Cuctematuyeckas MHCNEKUMS U MOHUTOPUHI
COOTBETCTBYIOLLMX NApamMeTpos npolecca
(NpoLeccoB) yxXyALLEHUS Ka4eCTBa, KOTOPbIE SIBMSAOTCS
KPUTMYECKUMM NPU NPOEKTUPOBAHUM MO KUSHEHHOMY

Yukny

CCL2 OB6bl4Hasn nHcnekyus PerynsipHbii BU3yanbHbIA OCMOTP
KBanUULMPOBAHHbLIM NEPCOHANOM

ccu OB6bI4Has MHenekyms OTcyTCTBUE CMCTEMATUUECKOTO KOHTPONS Unn
ocMoTpa

CCLO OTcyTCTBME MHCNEKUMK HeB0O3MOXHOCTb MHCNEKLMKN, Hanpumep, U3-3a

OTCYTCTBUA goctyna

A.11 Ang cyLLeCTBYHOLLMX 34aHWIA 1 COOPYXXEHWUIA 3aTpaTbl HA JOCTKEHNE
Bonee BbICOKOro YPOBHS HaAEXHOCTN 0BbIYHO GOonee BbICOKU MO CPABHEHUIO C
NPOEKTUPYEMbIMWU KOHCTPYKLMAMK. o 3Toi npuymHE LeneBoin ypoBeHb ANnsi
CYLLECTBYIOLLMX KOHCTPYKLMINA OObIMHO JOMKEH ObITb HUXE.

A12 YactHble Kko3hPMUMeHTbl ©Ges3onacHOCTM And  nokasaTenen
CTPOMTENbHOTO MaTepuana, W3Aenns Unu MpPOYHOCTU KOHCTPYKUMU MOryT
ObITb YMEHbLUEHbI, ECNUN NMPUMEHSIETCS KINacC KOHTPONS Bbile, Yem TpebyeTcs
B COOTBETCTBUM C Tabnuuen A.8 n/mnun npuMeHSOTCA apyrue 6onee crporve
TpebosaHusA. Takoe YMEeHbLUeHWe, KOTOpOe [OMNyCKaeTcs, Hanpumep, npuv
HeonpeLeneHHOCTM MOAENen W pasMepHbIX OTKMOHEHUA OT HOMUHAaSbHbIX
3HayeHul, He ABNSAETCH Mepon guddepeHUmaumn HagexXHOCTU: 3TO TONMbKO
KOMMeHcupyoLw@aa mepa Ana  Toro, u4Tobbl YpoOBEHb HALEXKHOCTM B
onpeaeneHHon CTeneHn 3asncen OT PMEKTUBHOCT MEP YNPaBneHms.
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