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CUCTEMA HOPMATUBHbIX AOKYMEHTOB B CTPOMUTE/IbCTBE
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MNpeancnosue

1. PaspabotaH Hay4Ho-MccnenoBaTeNbCKUM, MPOEKTHO-KOHCTPYKTOPCKMM WM TEXHOIOFMYECKUM
MHCTUTYTOM 6eToHa U xenesobetoHa (FYM "HUUKB") Focctpona Poccuu.

BHeceH YnpaB/ieHMeM TeXHWYECKOro HOPMMPOBaAHWA, CTaHAAPTM3auMM U cepTudMKauumn B
ctpoutenbctee n XKKX locctpoa Poccmun.

2. OpnobpeH 1 pekomeHA0BaH Ans npumeHeHua NMucbmom Focctpos Poccun ot 24.05.2004 N N1B6-
473/9.

3. BeegeH Bnepsble.

BeeneHune

Hactoawwnin CsBog npaBun paspabotaH B passutne CHull 52-01-2003 "BeTOHHble U
Kene3obeToHHbIe KOHCTPYKUMN. OCHOBHbIE NoaoXeHun".

CBog, NpaBUa COAEPHKMT pPEKOMEHZAUMM MO pacyeTy U MNPOEKTUPOBAHUIO NpeaBapUTebHO
HaNpPAXeHHbIX *Kene306eTOHHbIX KOHCTPYKLMM NPOMBbILIAEHHbIX U FPaXKAAHCKUX 30aHUI U COOPYKEHN
n3 Taxesioro 6eToHa, KoTopble obecrneymBaloT BbiNO/IHEHNE 06si3aTesibHbIX TpebosaHuii CHul 52-01-
2003.

PeweHne Bonpoca o npumeHeHun CBoAa NpaBuMA NPU NPOEKTUPOBAHUM NpeaBapUTesibHO
HaMNPAXKEHHbIX Kee300eTOHHbIX KOHCTPYKUMMA KOHKPETHbIX 34aHWM M COOPYXKEHUM OTHOCUTCA K
KOMMNETEHLMM 3aKa3uMKa UM NPOEKTHOM opraHM3aumu. B cnyyae ecnm NnpuHATO pelleHne o NpUuMeHeHum
HacTosauiero CBoAa NpasuA, AOMKHbI BbITb BbIMO/HEHbI BCE YCTaHOB/IEHHbIE B HEM TpeboBaHUA.

B CBoge npaBun He npuBedeHbl 0COBEHHOCTM pacyeTa M MPOEKTMPOBAHWUA NpenBapUTeNbHO
HaMNpPAMEHHbIX KOHCTPYKUMA, NOABEPraembIX UMKANYECKUM U  AMHAMMWYECKMM BO3AENCTBUAM,
BO3ENCTBMAM BbICOKUX TEMNEPATYpP N arpeccmMBHbIX cped. 3T 0ocobeHHOCTH, a TakKe bonee AeTanbHble
NMONIOMKEHMA MO pPacCYeTy JUHENHbIX KenesobeTOHHbIX CUCTEM M MJIOCKMX M MNPOCTPAHCTBEHHbIX
Kene3obeToHHbIX KOHCTPYKLMIM OCBELLEHbl B COOTBETCTBYIOLWMX CBOAaX NpaBul.

Hactoawmin CBoa npaBua cnepyetr NpumeHsTb coBmecTHOo ¢ CM 52-101-2003 "BeToHHble w
Kenes3obeToHHble KOHCTPYKLMK 6e3 NpeaBapuUTeIbHOro HaNpPAXKEHUs apmaTypbl”.

EanHuLbl dU3NYECcKUX BeIMUYUH, NpuBeaeHHble B CBoge NpaBuA: CU1a BblparkeHa B HbtoTOHax (H)
WKW B KUIOHbIOTOHaX (KH); nHenHble pasmepsbl - B MM (4158 ceYEHUIN) Nan B M (417 3SNEMEHTOB WU UX
YYaCTKOB); HaNpAXKeHMA, CONPOTUBIEHMA, MOAY/IM YNPYTroCTH - B Meranackansx (MMa); pacnpegeneHHble
Harpysku v ycuams - 8 KH/m nam H/mm.

Ceoa, npasun paspabotany [OKTOpa TexHuyeckux Hayk A.C. 3anecos, A.N. 3sespgos, T.A.
Myxamegues, E.A. Yuctakos (IYN "HUUHKB" Nocctpos Poccun).

1. Obwume yKasaHusA

1.1. OcHOBHblEe NONOXKEHMUA



1.1.1. PekomeHgauumn Hactoswero Csoga npasua (CM) pacnpocTpaHAalTca Ha NPOEKTUPOBAHME
npeABapuUTEe/IbHO HaMPAXKEHHbIX Kene300eTOHHbIX KOHCTPYKUMIA MPOMBILWAEHHbIX W FPaXKAAHCKMX
3[@HWNIN U COOPYKEHWUM, BbINOJHEHHbIX U3 TAXENO0ro 6eToHa KaccoB NO NPOYHOCTM Ha CKaTue oT B20 po
B60 ¢ HaTaxeHWeM apmaTypbl 40 TBepAeHuMA 6eToHa (Ha ynopbl) U 3KCNAYaTUPYEMbIX B KIMMATUYECKMX
ycnosuax Poccun, B cpefe C HearpeccMBHOWM CTEMEHbld BO3AENCTBMA, MPU CTAaTUYECKOM AeNCTBUM
Harpysku.

PekomeHgaumm CIN He pacnpoCTpaHAOTCA Ha NPOEKTUPOBaHWE NpenBapUTe/IbHO HaMNPAMKEHHbIX
Kene3obeTOHHbIX KOHCTPYKUUI TMAPOTEXHUYECKMX COOPYHKEHWUIM, MOCTOB, MOKPbITUA aBTOMOOUABHbIX
[0POr U a3pOAPOMOB U APYTUX CNELMANbHbIX COOPYKEHWUI.

1.1.2. MNpepBapuTeNbHO HANPAXKEHHbIE Kene306eTOHHbIe KOHCTPYKLUKN A0XKHbI 6bITb 06ecrneyeHbl
C Tpebyemoli HafeXXHOCTbI0 OT BOSHUKHOBEHUA BCEX BUA0B Npeae/ibHbIX COCTOAHUIA pacyeTom, BbiIbopom
nokasaTenei KayecTBa MaTepmanos, Ha3HaYEeHMEM PA3MEPOB U KOHCTPYMPOBAHNEM COFIACHO YKa3aHUAM
HacToawero CIM. NMpu sTom A0AXKHbI 6bITb BbINOHEHBI TEXHOIOFMYECKME TPeBOBAHUA NPU M3rOTOBAEHUU
KOHCTPYKUMIA U cobntoaeHbl TpeboBaHWA MO 3KCNAyaTauMmM 34aHUM U COOPYIKEHUI, a TaKKe TpeboBaHUsA
Mo 3KO/MI0TUK, YCTaHABAMBAEMbIE COOTBETCTBYHOLLMMMW HOPMATUBHBIMU AOKYMEHTAMMU.

1.2. OcHOBHble pacyeTHble TpeboBaHUA

1.2.1. PacuyeTbl nNpeaBapuUTENIbHO HAMPAXKEHHbIX Kene300eTOHHbIX KOHCTPYKUMIA cneayeT
NPOn3BOANTb NO NPeAENbHbIM COCTOAHUAM, BKIHOYAIOLWMM:

- NpefesibHble COCTOAHMA NePBOM rpynbl (MO NOAHOM HENPUIOAHOCTM K KCMNyaTalnn BCaeacTeme
notepu HecyLei cnocobHocTu);

- npenenbHble COCTOAHWA BTOPOW FPynnbl (MO HENPUrO4HOCTM K HOPMaJbHOM 3KCMAyaTauuu
BCNeAcTBME 006pa3oBaHMA WAW  UYPE3MEPHOrO PACKPbITUA TPELWMH, TMOABNEHUA HE[OoMnyCTUMBbIX
aedopmaumii u ap.).

Pacyetbl MO npeaenbHbIM COCTOAHMAM MNEPBOWM TrPYNnbl, coaepawmeca B Hactoawem Cr,
BKJ/IKOYAIOT PACcyeT Mo NPOYHOCTHU.

PacueTbl Mo npegesbHbIM COCTOAHMAM BTOPOM FpPynnbl, coAeprkawmeca B Hactosawem CI,
BK/IIOYAIOT pacyeTbl MO PACKPbITUIO TPELWMH U No Aedopmaumam.

1.2.2. PacyeT no npegenbHbIM COCTOAHMAM KOHCTPYKLUMM B LEAOM, a TaKXe OTAENibHbIX ee
3N1eMEeHTOB C/ieyeT, Kak NpaBuao, NPoOM3BOAMUTL 411 BCEX CTaAUN - U3TOTOB/IEHUA, TPAHCMOPTUPOBAHMA,
BO3BEAEHMA UM 3KchAyaTauMu; NpM  3TOM  pPacyeTHble CXeMbl [OJIKHbI OTBeYaTb MPUHATHIM
KOHCTPYKTUBHbBIM PELUEHUAM.

1.2.3. PacueTbl NpeaBapuUTeIbHO HaMPAMXKEHHbIX Ke1e3006eTOHHbIX KOHCTPYKLMA HE0OX0AMMO, KaK
npasun/io, NPOM3BOANTL C YYETOM BO3MOXKHOTO 06pa30oBaHNA TPELUH U Heynpyrux aepopmauuii B beToHe
W apmaType.

OnpepeneHne ycunmin M gedopmaunmii OT pPas3IMUYHbIX BO3AENCTBUM B KOHCTPYKUMAX U B
06pasyemMbIx MMM CUCTEMAX 343aHUIA U COOPYKEHUN cneayeT NPOM3BOAUTL MO METOAAM CTPOUTE/IbHOM
MeXaHMKM, KaK NPaBuIo, C y4eTom GpU3NYECKOM N reOMETPUYECKOM HEIMHEMHOCTM PaboTbl KOHCTPYKLMIA.

1.2.4. Mpy NPOEKTUPOBAHMM MNPELABAPUTENIbHO HAMPAMKEHHbIX Kene300eTOHHbIX KOHCTPYKLMIA
HaJEeXHOCTb KOHCTPYKUWMI YCTaHABAMBAOT pacyeToM MyTEM WCMNO/Ib30BAHUA PACYETHbIX 3HAYEHWUM
HarpysoK 1 BO34eNCTBUI, PpacYeTHbIX 3HAYEHU I XapPaKTEPUCTUK MaTeEPMANIOB, ONpeaenaeMbiX C MOMOLLbIO
COOTBETCTBYIOWMX YaCTHbIX KO3OPUUMEHTOB HAAEKHOCTM MO HOPMATMBHBLIM 3HAYEHUAM  3TUX
XapaKTEPUCTUK C yYETOM CTENEHM OTBETCTBEHHOCTU 34aHWUIN U COOPYHKEHWUNA.

HopmaTtueHble 3HaYEHUA Harpy3oK U BO3AeNCTBUI, KO3DDOULMEHTOB COYETAHUIA, KOIPPULMEHTOB
HaJeKHOCTU NO Harpyske, KO3GOUMUMEHTOB HaAEKHOCTU MO HA3HAYEHMIO KOHCTPYKLMU, a TaKxkKe
noapasgesieHne Harpy3oK Ha NoCTOAHHbIE U BPEMEHHbIE (A/UTeNbHbIE U KPaTKOBPEMEHHbIE) NPUHUMAIOT
cornacHo CHwul 2.01.07.

1.2.5. Npu pacyeTe anemeHToB COOPHbIX KOHCTPYKLMI HAa BO3AENCTBUE YCUNUIA, BOSHUKAIOLWMX NPU
X nogbeme, TPAHCNMOPTUPOBAHMM M MOHTAXKE, HArpy3Ky OT BCEX 3/1EMEHTOB caeayeT MPUHMMATb C
KO3pPMUMEHTOM AUMHAMUYHOCTK, paBHbIM: 1,60 - npu TpaHcnopTuposaHuu; 1,40 - npu nogbeme u
MoOHTaxe. [lonyckaeTca npMHMmaTb 601ee HM3KMe, 060CHOBAHHbIE B YCTAHOB/IEHHOM NOPAAKE, 3HAYEHUA
KO3pPMUMEHTOB AMHAMUYHOCTH, HO He HuxKe 1,25.



2. MaTepuanbl gns npesaBapuTenbHO HanpaXKeHHbIX
KenesobeToHHbIX KOHCTPYKLMI

2.1. beToH

2.1.1. NokasaTenu Kayectsa beToHa
W UX NPUMEHEHWE NMPU NPOEKTUPOBAHUM

2.1.1.1. Ana npepBapuTeNibHO HAMPAXKEHHbIX Kene306eTOHHbIX KOHCTPYKLMIM, NMPOEKTUPYEMbIX B
coOoTBETCTBUM C TpeboBaHUAMM HacToswero CI, cneayeT NnpeaycMaTpmMBaTb KOHCTPYKLIMOHHbBIN TAXKeNbl
6eToH cpeaHeit naoTHocTu ot 2200 kr/m3 go 2500 Kr/m3 BKAOUYNTENBHO.

2.1.1.2. OCHOBHbIMM MOKa3aTeNssMM KayecTBa 6eTOHA, yCTaHaBAMBAEMbIMU NPU NPOEKTUPOBAHUM,
ABNAOTCA:

a) K/1lacc no NPOYHOCTM Ha cxKaTue B;

6) K/NaCcC Nno npo4vYHOCTM Ha o0CeBOe pacTaXeHune Bt (Ha3HaLIaP0T B CAay4aAax, Korga 23Ta

XapaKTepUCTUKa MMEET raBEHCTBYIOLLEE 3HAaYEHMNE N ee KOHTPOJIMPYIOT Ha NPOU3BOACTBE);

B) MapKa MO MOpPO30CTOMKOCTM F (HasHaualoT AN KOHCTPYKUMI, noaBepraemblix AenCTBUIO
nornepemeHHOro 3aMopa*KMBaHWUA U OTTanBaHUA);

r) mapka no BogoHenpoHunuaemoct W (HasHayaloT 418 KOHCTPYKUMI, K KOTOPbIM NpeabaBastoT
TpeboBaHUA OrpaHNYEeHNs BOAONPOHNLAEMOCTH).

Knaccbl 6eToHa no NPOYHOCTU Ha CXKaTne B M oceBoe pacTAXKeHue Bt OTBEYalOT 3HAYEHUIO

rapaHTMpPOBaAHHOM NpoYHoCTM 6eToHa (MTIa) c obecneyeHHocTbio 0,95.

2.1.1.3. [Ona npepBapuTeNbHO HaNpPsXKEHHbIX Kene3obeTOHHbIX KOHCTPYKUuMi  cnepyet
npeaycmaTpuBaTb 6ETOHbI CAeAyoLWMX KNaccoB U MapoK:

a) K/1laccoB NO NPOYHOCTU Ha CXKaTue:

B20; B25; B30; B35; B40; B45; B50; B55; B60;

6) KnaccoB No NPOYHOCTU Ha OCEBOE PACTANKEHME:

Bo,8; B.1,2; B.1,6; B2,0; B 2,4; B238; B 3,2

B) MapoK N0 MOPO30OCTOMKOCTU:

F50; F75; F100; F150; F200; F300; F400; F500;

r) MapoK No BOAOHENPOHMLAEMOCTH:

W2; W4; W6; W8; W10; W12.

2.1.1.4. Bo3pacT 6eToHa, OTBEYaloLMiA ero Kaccy no NPOYHOCTM Ha CXKATME U OCEBOE PaACTANKEHUE
(NpOEeKTHbIN BO3pacT), Ha3HaYaloT NPU MNPOEKTUPOBAHUMU UCXOLA M3 BO3MOXKHbLIX pPeasibHbIX CPOKOB
3arpy’KeHUA KOHCTPYKLUMMA NPOEKTHbIMM Harpyskamu. Mpu OTCYTCTBMM 3TUX AaHHbIX Knacc 6eToHa
yCTaHaB/IMBAIOT B BO3pacTe 28 CyTOK.

2.1.1.5. Ona npepBapuTeNibHO HAMPAMEHHbIX KOHCTPYKUWIA peKoOMeHAyeTcA MPUMEHATb Kaacc
6eToHa Mo NPOYHOCTM Ha CXKaTue B 3aBUCMMOCTU OT K/lacca Hanparaemon apmaTtypbl, HO He HuKe B20.

MepefaToyHyo NpPOYHOCTL 6eToHa th

KOHTpOAMpyeMas aHa/lorMYyHo Knaccy 6eToHa no NpoYHOCTU Ha CXKaTue) cieayeT HasHayaTb He meHee 15
MMa n He meHee 50% NpUHATOro Knacca 6eToHa No NPOYHOCTM Ha CKaTue.

2.1.1.6. Mapky 6eToHa NO MOPO3OCTOMKOCTM HA3Ha4yalT B 3aBMCMMOCTM OT TpeboBaHW,
npeabaBAsEeMbIX K KOHCTPYKLMAM, PeXMMa 1X SKCIyaTaumm U YCI0BUIA OKpY:Katowen cpeasbi.

[Ona Haa3eMHbIX KOHCTPYKLUMK, NoABEPraeMbIX aTMocpepHbIM BO3A4ENCTBUAM OKPYKalOLLLEN Cpeabl
NpW pacyeTHOM OTPULATENIbHON TEMMEPAType HapyKHOro BO34yxa B X0N04HbIM nepuog ot muHyc 5 °C o
MuHyc 40 °C, NpUHMMAIOT MapKy OeToHa MO MOPO3O0CTOMKOCTU He HuKe F75, a npu pacyeTHoOU
TEMMepaType HapyKHOro Bo3AyXa Bblwe MUHYC 5 °C B YKa3aHHbIX Bbille KOHCTPYKLMAX MapKy 6eToHa no
MOPO30CTOMKOCTU HE HOPMUPYIOT.

B ocTanbHbIXx cnyyaax Tpebyemble MapKM 6GeTOHa MO MOPO3OCTOMKOCTM YCTAHAB/MBAOT B
3aBUCUMOCTM OT Ha3HAUYEHMA KOHCTPYKLUI M YCNOBUIA OKPY*KatoLLLEN cpeabl NO CreLnaibHbIM YKazaHMAM.

2.1.1.7. MapKy 6eToHa Nno BOAOHENPOHULAEMOCTM Ha3Ha4YyaloT B 3aBUCMMOCTM OT TpeboBaHun,

(npoyHOCTb 6eToHa K MOMEHTy ero obatus,



NpPeabaABAAEMbIX K KOHCTPYKLUMAM, PEXKMMa MX IKCNIyaTaLmMm 1 YCI0BUIA OKPY»KatoLLen cpeabl.

[Na HaA3eMHbIX KOHCTPYKUMI, nogBepraemblx aTMOCHEpPHbIM BO3AENCTBMAM MNPU PACcCYeTHOW
oTpuLUaTeNbHOW TemnepaType Hapy)KHOro Bo3gyxa Bbiwe MUHYC 40 °C, a Tak»Ke ANA HaPYMKHbIX CTeH
OTanAMBaeMbIX 34aHNI MapKy 6eToHa No BOAOHENPOHULAEMOCTN HE HOPMUPYIOT.

B ocTanbHbIX cyyasnx Tpebyemble MapKM 6eToHa Mo BOAOHENPOHULLAEMOCTM YCTaHAB/MBAIOT MO
CNeLManbHbIM YKazaHUAM.

2.1.2. HopmaTmBHble N pacyeTHble 3Ha4YeHunA
XapaKTepUCTMK 6eToHa

HOpMaTMBHbIe 3Ha4YeHNA NPOYHOCTHbIX XapPaKTEPUCTUK 6eToHa

2.1.2.1. OCHOBHbIMW MPOYHOCTHbIMM XapPaKTEPUCTUKaMM OeTOHa ABAAIOTCS HOPMATUBHbIE
3HayeHus:

- conpotusBneHunA b6eToHa 0CeBOMY CXKaTuUto Rb n

- CONpoTUBAEHMs GeTOHa oceBoMy pacTsikeHuio Ry, .

HopmaTuBHble 3HaYeHWA COMPOTMBAEHUA BETOHA OCeBOMY CXKaTUIO (MPU3MEHHas MPOYHOCTL) U
OCeBOMY pacTAXeHUIO (MpU HasHaveHuMM Knacca 6eToHa MO MPOYHOCTM Ha CXKaTve) NMPUMHMMAIOT B
3aBMCMMOCTM OT Knacca 6eToHa No NPOYHOCTM Ha CKaTue B cornacHo Tabaumue 1.

Tabanua 1

Bun HopMaTHBHEIE 3HAUYEHUS CONPOTHUBJIEHUS OeTOoHa
CONPOTUBJIEHUA R u R M pacuyeTHEE 3HaudyeHUA
b,n bt,n
CONPOTHUBRJIeHUS OeTOHa OJa NPpelesibHBIX COCTOSHUM
BTOPOM TIpynne R u R , Mla,
b, ser bt, ser
npu kJjlacce OeToHa IO MNPOUHOCTM Ha CXaTue

B15 [(B20 [B25 [B30 |B35 |B40 |B45 |B50 |B55 |B60

CxaTme oceBoe 11,0]15,0(18,5(22,0(25,5(29,0(32,0(36,0]39,5(43,0
(mpmsMeHHada
IIPOYHOCTB)

R ;, R

b,n b, ser

PacTsaxeHue 1,1 11,35(1,55|1,75|1,95(|2,1 |2,25(2,45|2,6 |2,75
oceBoe

R , R

bt,n bt, ser

Mpwn Ha3HayeHWM Knacca 6eToHa no NMPOYHOCTU Ha OCeBOE pacTAKeHune Bt HOPMaATWUBHbIE 3HAYEHUA

conpoTMBAEHUA BETOHA 0CEBOMY PACTAXKEHUIO Rbt,n NPUHUMAIOT PaBHbIMU YNCIOBOM XapaKTEPUCTUKE

Knacca 6eToHa Ha oceBoe pacTtaxkeHue.

PacyeTHble 3HaYeHMA MPOYHOCTHbIX XapaKTePUCTUK b6eToHa

2.1.2.2. PacyeTHble 3HaueHMA COMPOTMBAEHWA 6eToHa oceBomy coxaTuio R, u ocesomy

PaCTAXKEHWIO sz onpeaensatoT no Gopmynam:



R, =—=; (1)
7
Rbn

R, =—"(2)
7%t

3HayeHuA KoapdULMEHTa HALEKHOCTU NO BETOHY NPU CXKATUM ), MPUHUMALIOT PaBHLIMMU:

1,3 - 4nA npeaenbHbIX COCTOAHUIA MO Hecyllel cnocobHocTM (nepsas rpynna);

1,0 - 4nA NnpeaenbHbIX COCTOAHMIA NO SKCNYyaTaLMOHHOMW NPUroaHOCTU (BTOpan rpynna).

3HaueHUA KoapdULMEHTa HAZEKHOCTU NO BETOHY NPU PACTAKEHUU ), NPUHUMAIOT PaBHLIMM:

1,5 - anAa npenenbHbIX COCTOAHUIA NO Hecyllei cnocobHOCTU NPM Ha3HaYeHMM Knacca 6eToHa no
NPOYHOCTU Ha CKaTue;

1,3 - anA npenenbHbIX COCTOAHUIA NO Hecyllei cnocobHOCTU NPM HasHaYeHMM Knacca 6eToHa no
NPOYHOCTUN Ha OCEBOE PaCTANKEHUE;

1,0 - 4nA npeaenbHbIX COCTOSHUIA MO SKCNAYaTaLMOHHOW NPUTOAHOCTM.

PacueTHble 3HaueHus conpoTusneHus 6etoHa R,, R, , R, R, .. (c okpyrnennem) 8

,ser?
3aBMCMMOCTM OT Knacca 6eToHa NO MPOYHOCTM Ha CXaTMe M OCEBOE PacTAXKEeHMe NpuBeAeHbl: A
npeaenbHbIX COCTOAHUI NepBOoM rpynnbl B Tabauuax 2 u 3, BTOPOM rpynnbl - B Tabavue 1.

Tabaunua 2
Bun PacueTHBEle 3HA4YEHUA CONPOTUBJIEHMA OeTOHa IJid
COIPOTHUBJIIEHUS | IPpeNeJIbHEIX COCTOSHMM INepBo¥M TIpynnel R u R, Mila,
b bt
npm kJjacce 6eToHa IO MNPOYHOCTM Ha CXaTue
B15 |B20 [B25 (B30 |B35 |B40 (B45 |B50 |B55 [B60
Cxatue ocemoe (8,5 |11,5(14,5|17,0]19,5(22,0(25,0(27,5|30,0(33,0
(mpmsMeHHasa
IIPOYHOCTL) R
b
PacraxeHue 0,7510,9 |1,05(1,15(1,3 |1,4 |1,5 (1,6 |1,7 |1,8
ocesoe R
bt
Tabnnua 3
Bun conpo- PacueTHBEle 3HAUYEHUSA CONPOTUBIIEHMS OeTOHa
TUBJIEHUA OJIA NpeneJslbHEIX COCTOSHMM HNepbBoM rpynnel R, Mla,
bt
opu kJjacce OeToOHa IO MNPOYHOCTM Ha OCeBOe pacCTIaXeHME
B 0,8 |B1,2 B 1,6 B 2,0 B 2,4 |B 2,8 B 3,2
t t t t t t t
PacrTaxeHue 0,62 0,93 1,25 1,55 1,85 2,15 2,45
ocesoe R
bt




2.1.2.3. B He0ob6XoAMMbIX C/AyYyanX pPacyeTHble 3HAYEHWMA MPOYHOCTHLIX XaPaAKTEPUCTUK GeToHa

YMHOXaIOT Ha KO3DOULMEHTbI ycnoBuii paboTbl };,, yuuTbiBatowme ocobeHHOCTU paboTbl 6eToHa B

KOHCTPYKLMM (XapaKTep HarpysKu, yCI0BUS OKPYKaloLLel cpeabl U T.4.).
BavaHMe AnMTeNbHOCTU AEUCTBUA CTaTUYECKOM HArpy3KmM yumTbiBaeTca KoadduLuMeHTOM yCnoBui

paboTbl 6eTOHa ¥, , BBOAMMbIM K PacyeTHbIM 3HaueHnam conpotuenenmnii R, u R,, v npunumaembim
PaBHbIM:

7 = 1,0 - npn HenpoaoMKUTENbHOM (KpaTKOBPEMEHHOM) AeMCTBUMN HarpysKu;

Vp1 = 0,9 - Npu NPOAOKNTENBHOM (ANUTENBHOM) AEACTBUM HArpy3KM.

BAvsAHME nonepemeHHOro 3aMOpParKMBaHWA M OTTaMBaHMA, a TaKXKe OTpUUATENbHbIX TemnepaTyp
YYMTbIBAIOT KOIDPULMEHTOM ycnoBUiN paboTbl beToHa ), <= 1,0. OnA HaA3eMHbIX KOHCTPYKLUW,
noasepraembix aTMocdepHbIM BO3AEMCTBUMAM OKpYXalollen cpeabl MPUM pacyeTHoW TemnepaTtype
HapY»HOro BO34yxa B X0NI0AHbIV nepuog, muHyc 40 °C 1 Bbilwe, NPUHUMAIOT KoadduumeHT y,, = 1,0. B
OCTaNbHbIX CNY4aAX 3HayeHuAa KospPuuMeHTa J,, MNPUHUMAIOT B 3aBUCMMOCTM OT Ha3Ha4eHUA

KOHCTPYKLMM W YCIOBUIA OKPYXKatOLWEW Cpesibl COrNacHO CneumnanbHbiM YKa3aHUAM.
JdedopmaLMOHHbIe XapaKTepUCTUKM BeToHa

2.1.2.4. OcHOBHbIMKN AedOPMALMOHHbBIMM XapaKTePUCTUKaMN BETOHA ABASIOTCA 3HaYeHUsA:
- NpenenbHbIX OTHOCUTENbHBLIX Aedopmaunii 6eToHa NpM OCEBOM CXATUWM WM pacTsxKeHun (npwm

OAHOPOAHOM HanpA>XeHHOM COCTOAHUU 6€TOHa) 8170 7] (C,'b

to ’

- HauyanbHoro moayns ynpyroctn E, ;
- KOapdruMeHTa (xapakTepuCcTKM) nonsydectn @, . ;
- KoadpduumeHTa nonepeyHon aepopmaumm b6eToHa (koadduumenTa MyaccoHa) V, p;

- KoadPuLUMeHTa AMHeHON TemnepaTypHon gedopmaunn beToHa &, .

2.1.2.5. 3HayeHus npeaenibHbIX OTHOCUTE/bHBIX AedopmaLmii 6eToHa NPUHMUMAIOT PaBHbIMU:
NpW HENPOAOIKUTENBHOM AENCTBUM HArPY3KU

&, =0,002 - npn oceBOM CKaTuK;

&, =0,0001 - npn oceBOM pacTaxeHuu;

npy NPOAOIKUTENBHOM AENCTBMM HArpysku - no Tabnuue 6 B 3aBUCMMOCTU OT OTHOCUTE/IbHOW
BNIAYKHOCTU OKpYyKaloLwei cpeapl.

2.1.2.6. 3Ha4YeHUA HaYaNbHOrO MOoAYANA YNPYrocTn 6eToHa NPU CXKATUU N PACTANKEHUN MPUHUMAIOT
B 3aBMCMMOCTM OT Knacca 6eToHa No NPoYHOCTM Ha cxKaTue B cornacHo Tabauue 4.

Tabnuua 4

3HaUeHMs HAYAJILHOTO MOIYJS YyIPyIoCTM OeTOoHa MIPpU CXaTUu
-3
n pacTaxeHunu E , Mla x 10 , npm kJjlacce OeToHa
b
IO TNPOYHOCTM Ha CXaTue

B15 B20 B25 B30 B35 B40 B45 B50 B55 B60

24,0 127,5 30,0 32,5 34,5 (36,0 37,0 38,0 39,0 [39,5

MpY NPOAOCNKUTENBHOM AEeNCTBUM Harpy3KM 3HaYeHUA HavaabHOro Moaynsa aepopmaLmii 6eToHa
onpeaenaloT no popmyne



L,

Eb =T,
1+¢b,cr

(3)

T

rae @ .. - KO3OGULMEHT NON3YHeCTH, NPMHUMAEMbI cornacHo n. 2.1.2.7.

2.1.2.7. 3HayeHua koadpduumeHTta nonsyyectn b6etoHa ¢, ., NPUHUMAIOT B 3aBMCUMOCTW OT

YCNI0BUIM OKpyXKatwuwen cpedbl (OTHOCUTENIbHOW BAAXKHOCTW BO3AyXa) M Knacca 6eToHa. 3HauyeHun
KoappuumeHTa nonsyyect 6eToHa npMBeaeHbl B Tabauue 5.

Tabnnua 5
OTHOCHUTEeJIbHAadA 3HaueHMsa KoOmbOULIMEeHTa HOoJI3ydecTH oOou
BJIAXHOCTBH BO3— b,cr
oyxa OKpyXako-— opM KJjacce OeTOHa Ha CxaTue

mer cpene, %

B15 [(B20 [B25 [B30 |[B35 |B40 |B45 |B50 |B55 |B6O

Beme 75 2,4 12,0 |1,8 |1,6 |1,5 (1,4 (1,3 (1,2 (1,1 |1,0
40 - 75 3,4 (2,8 |2,5 |2,3 |2,1 |1,9 |1,8 |1,6 (1,5 (1,4
Hmxe 40 4,8 (4,0 |3,6 |3,2 |3,0 |2,8 |2,6 |2,4 (2,2 |2,0

[lpyMeuaHre . OTHOCUTEJIBHYIO BJIAXHOCTb BO3IyXa OKpYyXaolell cpens
npuHMManT 1o CHull 23-01 Kxak CpenHRO MEeCSUHYI OTHOCUTEJIbHYI
BJIAXHOCTb HamboJiee TeIJIOTO MecdAla IOJid palioHa CTPOMUTEJIbBCTBA.

2.1.2.8. 3HayeHue KoadpPpuumeHTa nonepevyHon Aedopmaumm 6eToHa AONYCKAeTCA MPUHUMATL
V,p =02

2.1.2.9. 3HauyeHne KoapobMUMEHTA ANMHEWHON TemnepatypHoh paedopmaumm 6eToHa npwu

nsmeHeHnn TemnepaTypbl oT mmHyc 40 °C go natoc 50 °C npuHumatoT O, = 1-10_5 ° C_1 .

JOunarpammsbl cocTosHUs 6eToHa

2.1.2.10. B KayecTBe pacyeTHbIX Auarpamm COCTOAHMA BOeToHa, onpeaensAlolmnX CBA3b MeXay
HaNPAXEHUAMU U OTHOCUTENIbHbIMKW AedopMaunaMU, MPUHMMALOT TPEX- U ABYX/IMHENHYIO AMArpaMMbl
(pncyHok 1).
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PucyHok 1. lnarpammbl COCTOAHMA CKaToro 6eToHa

Ounarpammbl cocTosHMA 6GeToHa MCMOb3YIOT NPU pacyeTe Kenes3obeTOHHbIX 3/1eMeHTOB Mo
He/NIMHeNHoN AedpopMaLMOHHON Moaenu.

2.1.2.11. MNpw TpexnunHeiHo aAnarpamme (pucyHok 1, a) oxumarowme HanpaxeHna betoHa O, B

3aBMCMMOCTU OT OTHOCUTENbHbIX AepopMaLuii ykopoueHua 6eToHa &, onpeaenatoT no Gpopmynam:

npn0<= &, <= &,



o,=E¢&,,(4)

npu &, < &, < &,

o, = || 1- On |. 60 "n  On R, . (5)
Rb € T Ep1 Rb
npu &,, <= &, <= &,,
o, = R, .(6)
3HauyeHNA HanNpPAXeHU O, NPUHUMAIOT:
o0, =0,6R,,

a 3Ha4yeHMA OTHOCUTE/IbHbIX Aedopmaumnit &3 MPUHUMAIOT:

3HauyeHnA OTHOCUTE/IbHbIX AedbopMaunin £,, NPUHUMAIOT:

NpU HeNPOAO/IKUTENILHOM AEeNCTBUM Harpy3kn &, = 0,0035;

npv NPOAOIKUTENIBHOM AEWCTBUM HarpysKu - no Tabauue 6.

Tabnunua 6
OTHOCHK— OTHOCHTeNIbHEE Oebopmauuy OeToHa NPY HIPONOJDKMTEJIBHOM NEVICTBUM HATPY3KU
TeJIbHasd
BJI&X— OpyY CXaTum IPY PaCTSIXEHUU
HOCTBb
BO3IyXa | 3IICUIIOH X | BIICUIJIOH X | 3IICUIJIOH X | BIICUIJIOH X | BIICUIJIOH X | IICUIJIOH X
OKpYy~— bo b2 bl, red bto bt2 btl, red
xammen 3 3 3 3 3 3
cpexmer, |x 10 x 10 x 10 x 10 x 10 x 10
%
Beme 75 3,0 4,2 2,4 0,21 0,27 0,19
40 - 75 3,4 4,8 2,8 0,24 0,31 0,22
Huxe 40 4,0 5,6 3,4 0,28 0,36 0,26
IIpumeduaHre. OTHOCUTEJIBHY BJIQXHOCTB BO3IyXa OKpyXawoleM Cpensl
npuHyManT 1o CHull 23-01 xak CpemHoo MeCSYHYIo OTHOCUTEJIbHYIO
BJI&XHOCTb HamuboJjlee TelJoro MecsAlla IJIA paloHa CTPOMTEeJILCTBA.

3HaueHnus R, , Eb n &,, NpUHUMaloT cornacHo nn. 2.1.2.2,2.1.2.3,2.1.2.5, 2.1.2.6.

2.1.2.12. MNpu ABYXANHENHON Anarpamme (pUCYHOK 1, 6) cxkMMatowme HanpaxeHua 6eToHa O, B

3aBMCMMOCTU OT OTHOCUTE/IbHbIX AepopmaLnin £, onpeaenatoT no dopmynam:

npu0<= &, <= &y 0y




o, =E, .48, (7)
PN € req <= &y <= &y
o, =R, .(8)
3HaueHWs NpuseAeHHOro Modyns aedopmaumn 6etora £, ., npunumatot:

R
_ b
Eb.red - . (9)
Ept red

3HaueHuMA OTHOCUTENIbHbIX Aedopmaumii £,y ., PaBHbI:

- MPU HEMPOAO/HKNTENLHOM AEACTBUM HArpyskn & ., = 0,0015;
- NPY NPOAO/IKUTENIBHOM AEACTBUWN Harpy3Ku - no Tabanue 6.

3Hauenns R, , &, npuHumatot kak 8 n. 2.1.2.11, a Rb’n -no Tabanue 1.

2.1.2.13. PactarvsaiolmMe HanpaxeHua 6etoHa O, B 3aBUCMMOCTU OT OTHOCUTE/bHbIX
fedopmaumnin &, onpeaenaloT No Avarpammam, NpusedeHHbIM Ha pucyHke 1. Mpu 3TOM pacyeTHble
3HAYeHMA COMPOTUBAEHUA OETOHa CXKATUIO Rb 3aMEHAIOT Ha pacyeTHble 3HavyeHWA CONPOTUBAEHUA
6eToHa pacTAXKEHUIO sz cornacHo nn. 2.1.2.2, 2.1.2.3; 3Ha4eHMA Ha4YaNbHOro MOAYNA YyNpyrocTu Ebt
onpeaensaoT cornacHo . 2.1.2.6; 3HaueHna oTHocuTenbHol gedbopmaunn &,,, NPUHUMAIOT COrACHO M.
2.1.2.5; 3HaueHuna oTHocuTeNbHOW Aedopmaunn &,,, NPUHUMAIOT NPU HENPOAO/IKUTENBHOM AENCTBUM
Harpysku &, , =0,00015, npy NpoAONKUTENILHOM AEICTBUM HAarpy3Kku - no Tabauue 6. Ana ABYXAMHERHOM
AMArpamMbl NPUHUMAIT €y ., = 0,00008 - Npu HENPOAOMKUTENbHOM AENCTBUM HArpysku, a npu

NPOAONKUTENBHOM - MO Tabnuue 6; 3HaYeHus Eb

R

< onpegenaiot no opmyne (9), noacrasnan B Hee

t,re

bton N Eptrea -
2.1.2.14. Mpu pacyeTe NPOYHOCTU  Kene300EeTOHHbIX 3/MeMEHTOB MO  HEJNHENHOM

aAebopmalLMOHHON mMogenu Ana onpegesieHns HanpaKeHHo-4edOPMUPOBAHHOIO COCTOAHUA CrKaToM
30Hbl GETOHA MCMOJb3YOT AMAarpaMMbl COCTOSIHUA CXKAToro 6eToHa, npueedeHHble B nn. 2.1.2.11 un
2.1.2.12, ¢ aedopMaUMOHHbIMM XapPaKTEPUCTUKaMM, OTBEYAOLWMMWN HENPOAOKUTEIbBHOMY AEUCTBULO
Harpysku. Mpu aTom B KayecTBe Hanbonee NPOCTON UCMONL3YIOT ABYXJIUHENHYIO ANArPaMMy COCTOAHUA
6eToHa.

2.1.2.15. Mpu pacyeTe 06pasoBaHMA TPELLMH B Kene306eTOHHbIX KOHCTPYKLMAX NO HEJIMHENHOW
AedopMaLMOHHON Mmoaenu gnsa onpeaeneHma HanpaKeHHo-4epopPMUPOBAHHONO COCTOAHMA CXKATOrO U
PacTAHYTOro 6eTOHa MCMNONb3YIOT TPEX/IMHENHYIO AMarpammy COCTOAHWSA OeToHa, NpuBEeAEHHY B M.
2.1.2.11 n 2.1.2.13, ¢ pedopMauUNOHHbIMU XapPaKTEPUCTUKAMM, OTBEYAIOLWMMM HENPOAOIKUTENBHOMY
OENCTBUIO Harpysku. [ByxauHenHyo pguarpammy (nn. 2.1.2.12, 2.1.2.13) kak Hambonee npocTyto
NCMONb3YIOT ANA onpeneieHNA HaNPAXKEHHO-A4ePOPMUPOBAHHOIO COCTOAHMA pacTAHYTOro 6eToHa npu
ynpyroi paboTe cxkatoro 6eToHa.

2.1.2.16. Mpwn pacyete gedopmaumii KenesobeTOHHbIX 3/1EMEHTOB MO  HENNHENHOM
aAebopmaLMoHHOM  Moaenu  npu  OTCYTCTBMM  TpelWwuH  AAA  OonpefesnieHuMA  HanpaXeHHo-
£edopMUPOBAHHOIO COCTOAHMA B CHKATOM M PACTAHYTOM BETOHE UCMO/Ib3YIOT TPEXANHENHYIO AMarpammy
COCTOAHMA 6eToHa C Y4eTOM HENPOAOKUTENbHOrO U NMPOAO/IKUTENBHOIO AEeNCTBUS Harpysku. Mpu
Ha/IMYUKM TPeWMH Aas onpefeneHus HanpaKeHHO-4edOPMUPOBAHHOIO COCTOAHUS CxaToro 6eToHa



NMOMMMO YKa3aHHOW Bbllle ANArpammbl MCNO/b3YIOT, Kak Hanbosiee NPocTyto, ABYXAUHENHYIO AMarpammy
COCTOSIHMA BETOHA C YYEeTOM HENPOAOMKUTENBHOTO M NPOLOIKUTENBHOIO AENCTBUA HArPY3KMU.

2.1.2.17. MNpu pacyeTe PaCKpPbITUA HOPMASbHbIX TPELWMWH MO HeAMHeWHoN [edopMaLMOHHOM
MoAenun ans onpeaeneHuna HanpsxeHHo-4ePpopPMMUPOBAHHOIO COCTOAHMA B CHHATOM BETOHE MCMONb3YHOT
Anarpammbl COCTOAHUA, npuBedeHHble B nn. 2.1.2.11 n 2.1.2.12, ¢ y4eTOM HEenpoao/KUTENbHOrO
AencTBus Harpysku. Mpu aTom B KavectBe Hanbosiee NPOCTON UCNONL3YIOT ABYXAUHENHYIO Anarpammy
COCTOsIHMA 6ETOoHa.

2.1.2.18. BanaHve nonepemMeHHOro 3amMoOpaXMBaHMA W OTTAMBAHUA, a TaKXKe OTPULATE/bHbIX
Temnepatyp Ha AedopMaLMOHHbIE XaPaKTEPUCTUKU OETOHA Yy4uTbIBalOT KO3QOUUMEHTOM YCNOBUM

pabotbl 7, <= 1,0. [nAa HaA3eMHbIX KOHCTPYKLMI, nogsepraembix aTmochepHbiM BO3AENCTBUAM

OKpY)KatoLwen cpeabl NPU pacyeTHOM TeMNePaType HapyKHOMo BO34yXa B XON04HbIV nepnoa muHyc 40 °C
M Bblle, NPUHMMAIOT KoabduumeHt ¥, = 1,0. B oCTa/bHbIX CAyyaax 3HavyeHua KosadpoduumeHta y,,

NPUHMMAIOT B 3aBUCMMOCTM OT Ha3HAYeHMA KOHCTPYKLNIA U YCNIOBUIA OKPYrKatoLLen cpeabl.
2.2. Apmatypa
2.2.1. NoKa3aTenn Kayectsa apmaTtypbl

2.2.1.1. Ona apmupoBaHMA NpPeaBaAPUTENbHO HAMPSXKEHHbIX Kene300eTOHHbIX KOHCTPYKLUWi
cnepyet NPUMEHATb OTBEYaIoLLYI0 TpeboBaHMAM COOTBETCTBYIOLLMX FOCYAAaPCTBEHHbIX CTaHAAPTOB MU
YTBEPKAEHHbIX B YCTAHOB/IEHHOM MOPALKE TEXHUYECKUX YCIOBUI apMaTypy CAeAyHOLLIMX BUAOB:

- TopAYeKaTaHylo ragKyto U Nepnmoamnyeckoro Npoduan ¢ NOCTOSHHOM U NepemMeHHON BbICOTOM
BbICTYMOB (COOTBETCTBEHHO KO/bLEBOW M CEPMNOBUAHbIA Npoduan) AameTpom 6 - 40 mm;

- TEPMOMEXaHUYECKN YMNPOYHEHHYIO Mepuoamnyeckoro npoduas ¢ NOCTOAHHON U MepemMeHHOM
BbICOTOM BbICTYNOB (COOTBETCTBEHHO KO/bLLEBOWN U CePNoBUAHbLIN Npodunan) AuameTpom 6 - 40 mm;

- xonogHoAepOPMUPOBAHHYIO Nepuoanyeckoro npodpuna guametpom 3 - 12 mm;

- aQpMaTypHbIe KaHaTbl AMamMeTpom 6 - 15 mm.

2.2.1.2. OCHOBHbIM MOKa3aTesem KayecTBa apmaTypbl, YCTaHAaBAMBAEMbIM NPU NPOEKTUPOBAHUM,
ABIAETCA KAAcC apMaTypbl MO NPOYHOCTU HA pacTAXKeHMe, 0603HaYaEMbIN:

A - oNA ropsYeKaTaHoM U TEPMOMEXaHUYECKM YNIPOYHEHHOM apMaTypbl;

Bp - AN BbICOKONPOYHOW X0n0aHOAePOPMUPOBAHHOM apMaTypbl Nepruoanyeckoro npoduns;

K - ona apmaTtypHbIX KaHaTOB.

Knaccel apmaTtypbl NO MPOYHOCTM Ha pPaCTAXKEHWe OTBevaloT rapaHTUPOBAHHOMY 3HAYeHUIO
npeaena Tekydectu, GU3nYecKoro UaM yCNoBHOIO (PaBHOrO 3HAYEHMIO HaNPAXKEHWUN, COOTBETCTBYIOLLMX
0CTaTOYHOMY OTHOCUTENbHOMY yaauHeHuto 0,2%), c obecneyeHHOCTbIO He meHee 0,95, onpegensemomy
Mo COOTBETCTBYHOLLMM CTaHAAPTAM.

Kpome Toro, B HEO6X0A4MMbIX C/Iy4asix K apmaType NpeabaBaatoT TpeboBaHMA NO 4ONOAHUTENbHbLIM
MoKasaTensiM KayecTBa: CBapMBaEMOCTb, NIAaCTUYHOCTb, X1a40CTOMKOCTb M Ap.

2.2.1.3. OAnAa »kene3obeTOHHbIX KOHCTPYKLUM, NMPOEKTUPYEMbIX B COOTBETCTBUM C TPEOOBAHUAMM
HacTtoAawero CI1, cnegyeT npegycmaTpumsaTth:

B KQYecTBe HanpAraemon apmaTypbl:

ropsyeKkaTaHyo U TepMOMEXaHUYECKU YNPOYHEHHYIO nepuoamyeckoro npoduna knaccos A600 (A-
IV), A80O (A-V) n A1000 (A-VI);

XonoAHoAehOpPMUPOBaAHHYIO Neproandeckoro npodunsa Knaccos ot Bp1200 ao Bp1500 (Bp-l);

KaHaTHyto 7- n 19-npoBonoyHyto Knaccos K1400, K1500 (K-7, K-19);

B KQYecTBe HeHanpAraeMon apmaTypbl:

ropsyekaTaHylo rnagkyto Knacca A240 (A-1);

ropsyeKaTaHyto, TEPMOMEXaHNYECKM YNPOYHEHHYO " XoNnoAHo4ebOPMUPOBAHHYIO
nepuogmyeckoro npoduna knaccos A300 (A-11), A400 (A-111), A500 (A500C), B500 (Bp-I, B500C).

2.2.1.4. MNpwu BbIGOPE BUAA U MAPOK CTaNn A1A apMaTypbl, YCTAaHAaBAMBAEMON NO pacyeTy, a TaKxke
NPOKaTHbIX CTaNel ona 3akNaHbIX AeTanel cneayeTt yuuTbiBaTb TeMepaTypHble YCA0BMA SKCNAyaTaumm
KOHCTPYKLMI N XapaKTep UX HarpyKeHus.

B KOHCTPYKUMAX, SKCNAYyaTUPYEMBIX MPU CTAaTUYECKOW HArpy3Ke B OTan/MBaeMbIX 34aHUAX, A TaKKe



Ha OTKPbLITOM BO3AyXe U B HEOTan/IMBaeMbIX 34aHUAX NPU pacyeTHon TemnepaTtype muHyc 40 °C 1 Bbllwe,
MOeT 6bITb NPUMEHEHa apMaTypa BCeX BbllLeyKa3aHHbIX K1acCoB, 3a MCKAOYEHMEM apMaTypbl Kiacca
A600 mapku ctanum 80C (guameTtpom 10 - 18 mm), Knacca A300 mapku ctanm CT5nc (guameTtpom 18 - 40
MM) 1 Knacca A240 mapku ctanm CT3KN, KOTopble NPUMEHSIOT NPU pacyeTHoM Temnepatype muHyc 30 °C
U BblLLe.

Mpu opyrnx ycaoBMAX KCNAyaTaLMmn KNacc apmaTypbl U MapKy CTanu NPUHUMALOT MO cneumanbHbIM
YKa3aHUAM.

Mpn NPOEeKTUPOBaHMK 30HbI Nepesayn NpenBapuTeIbHOro HanpAaXKeHUsA, aHKEPOBKN apmaTypbl B
6eToHe U coegMHEHUI apmaTypbl BHAXNecTKy (6e3 cBapKu) cneayeT yunTbiBaTb XapaKTep NOBEPXHOCTU
apmaTypbl.

Mpwn NPOEKTUPOBAHUKN CBAPHbIX COEAMHEHUN apMaTypbl CneayeT yunTbiBaTb cnocob N3roToBieHun
apmartypbl (TOCT 14098; PTM 393).

2.2.1.5. nA MOHTaXHbIX (NOABEMHbIX) NeTeNb 3N1eMeHTOB COOPHbIX KeNe306eTOHHbIX U 6ETOHHbIX
KOHCTPYKLMI cieayeT NPUMEHATb ropaYeKkaTaHyo apmMaTypHYo cTanb Knacca A240 mapok Ct3cn u Ct3nc.

B cny4yae ecnv BO3MOXKEH MOHTAXK KOHCTPYKLMI NPU PAacYeTHOM 3MMHEN TeEMMNEePaTYPE HUXKE MUHYC
40 °C, oA MOHTA)KHbIX NeTe/lb He A0NYCKAETCA NPUMEHATbL CTab MapKu Ct3nc.

2.2.2. HopmaTuMBHble M pacyeTHble 3HaYeHUA
XapaKTepPUCTUK apMaTypbl

HopmaTrBHble 3HaYEeHMA MPOYHOCTHbLIX XapaKTePUCTUK apMmaTypbl

2.2.2.1. OCHOBHOW MPOYHOCTHOM XapaKTEePUCTUKOWM apmaTypbl ABAAETCA HOPMATUBHOE 3HaYeHue

CONpPOTUBNEHUA PACTAXKEHUIO R NMPUHUMaemoe B 3aBUCUMMOCTU OT KJ1aCCa apMaTypbl No TaGJ'IVILI,e 7.

s,n’

Tabnnua 7
Knacc HoMmHasb HEM HopMaTuBHEIE 3HAUEHUA CONPOTUBJIIEHUA
apMaTypPsl oaMeTp pacTAaxeHno R
apMaTypEel, MM s,n
M paCuUeTHHE BHAYeHUA COINPOTUBJIEHUHA
PaCTSXEeHMIO OJiS NPeneJjlIbHEIX COCTOSHUM
BTOPOM TPYyNNe R , Mlla
S, ser
A240 6 — 40 240
A300 6 - 40 300
A400 6 - 40 400
A500 10 - 40 500
A600 10 - 40 600
A800 10 - 32 800
A1000 10 - 32 1000
B500 3 - 12 500
Bpl200 8 1200
Bpl300 7 1300
Bp1400 4; 5; 6 1400




Bpl500 3 1500
K1400 (K-7) 15 1400
K1500 (K-7) 6; 9; 12 1500
K1500 (K-19) 14 1500

PacyeTHble 3HaYeHMA MPOYHOCTHbIX XapPaKTEPUCTUK apMaTypbl

2.2.2.2. PacyeTHble 3HayYyeHUA COMPOTUBAEHUA aAPMATYPbl PaACTAKEHUIO RS onpegenalT no

dopmyne

RS}’l
R, =——,(10)

s
s

rae ¥, - KoapduLMeHT HafeKHOCTU No apmaType, NPUHUMAEMbI paBHbIM:

ANs NpeaenbHbIX COCTOAHUI NepBOM rpynnbl:

1,1 - ana apmatypbl Knaccos A240, A300 n A400;

1,15 - pna apmatypbl Knaccos A500, A600 n A800;

1,2 - pna apmatypbl kKnaccos A1000, B500, Bp1200 - Bp1500, K1400, K1500;
ANA npeaenbHbIX COCTOSHUM BTOpouM rpynnbl - 1,0.

PacueTHble 3HaYeHMA COMPOTUBAEHMA apmaTypbl pacTskeHuio R npuseseHbl (c okpyrneHuem)

ON8 npefenbHbIX COCTOSHUIM NepBOW rpynnbl B Tabauue 8, BTOPoN rpynnbl - B Tabavue 7. MNpu atom

sHauenna R

KOHTPOAMPYEMbIM 3HaYEHMAM No cooTBeTcTyowmum FOCT.

Krnacc apMaTyphl PacueTHBEE 3HAUYEHMS CONPOTMBIIEHMSI apMaTypEH
OJIS [NpeneJlbHBEIX COCTOSHMM IIepBOM I'pynne, Mlla
pacTaxeHuo R cxaTtuio R
s sc
A240 215 215
A300 270 270
A400 355 355
A500 435 435 (400)
A600 520 470 (400)
A800 695 500 (400)
A1000 830 500 (400)
B500 415 415 (360)
Bpl200 1000 500 (400)
Bpl300 1070 500 (400)

n  ANA npenenbHbIX COCTOAHUM HepBOVI rpynnbl NPUHATblI PaBHbIMW HaUWMEHbLUNM

Tabnuua 8



Bpl400 1170 500 (400)

Bpl1500 1250 500 (400)

K1400 1170 500 (400)

K1500 1250 500 (400)
[lpyMeuaHMe. 3HauyeHUsS R B CKOOKax MCIOJIb3YIT TOJIBKO IIPU

pacueTe Ha KpaTKOBPEMEHHOe ZZ%CTBMe HATPY3KA.

PacueTHble 3HauYeHWs CONMPOTUBAEHUA apMaTypbl CkaTuio R . NpUHMMAIOT paBHLIMM pacyeTHbIM

3HAYEHUSAM COMPOTUBJIEHUS APMATYpPbl PACTAXKEHUIO RS, HO He 6o0nee 3Ha4YeHUM, OTBEYAIOLMX

aedopmaumam yKopoueHusa 6eTOHA, OKPYKAIOLLEro CHATYH apMaTypy: Npu KPaTKOBPEMEHHOM AelCTBUN
HarpysKku - He 6onee 400 MMMa, npu ANUTENbHOM AEACTBUN HArpy3Ku - He 6onee 500 MMa. Ana apmatypbl
knaccos B500 n A600 rpaHMYHbIE 3HAYEHMA COMPOTUBIEHUA CXHATUIO NPUHMMAIOTCA € KO3 OULUMEHTOM
ycnoBuii pabotbl pasHbiM 0,9 (Tabnnua 8).

2.2.2.3. B HEOH6XOANMbBIX CNYy4aAX PacYeTHble 3HAYEHMA MPOYHOCTHBIX XapPaKTEPUCTUK apMaTypbl

YMHOXaIOT Ha KO3pdULMEHTbI yCnoBuid paboTbl J;, yuuTbIBatoOLWME 0COBEHHOCTM paboTbl apmaTypbl B

KOHCTPYKLMMU.
PacyeTHble 3HaYeHUA CONPOTUBIEHNA XOMYTOB M OTOTHYTOW NonepeyHoi apmaTypbl Knaccos A600

- A1000, Bp1200 - Bp1500 u KaHaTHOM st npuHMmatoT He 6onee 0,8 O, (c yyeTom Bcex noTepb) U He

6onee 300 MMMa. B pacyetax NpMHMMaIOT Bonbluee M3 yKasaHHbIX 3Ha4eHWiA. PacueTHble 3HaveHna R
Ana apmatypbl Knaccos A240 - A500, B500 npusegeHsbl B ClN 52-101.

JdedopmaLMoHHbIe XapaKTEPUCTUKM apMaTypbl

2.2.2.4. OcHOBHbIMK AedOPMaALNOHHbBIMU XapaKTEPUCTUKAMWN apMaTypbl ABAAOTCA 3HAYEHUS:

OTHOCUTE/NIbHbIX p,ecbopmau,mﬁ YANNHEHNA apmaTtypbl & npu AOO0CTUXKEHUN HaNpAXEeHUAMU

N
pacdyeTHoro conpotusnerus R ;
moayns ynpyroctv apmatypsi £ .

2.2.2.5. 3HayeHna OTHOCUTENbHbIX AedopMaLMii apMaTypbl € NPUHMMAIOT PaBHbIMU:

NY

ANa apmMaTypbl ¢ GU3MYECKMM NPeaesioM TEKYYecTH

S

& ; (11
50 E()

N

O1R apMaTypbl C YCI0BHbIM NPee/IoM TEKYYeCTU

g, = R, +0,002 . (12)
E

N

2.2.2.6. 3Ha4eHMA MOZyAA yNpyrocT apmatypbl £ npuHUMaloT 04MHaKOBbIMM NpU PacTAKeEHWN
N CKaTUK U PaBHbIMMU:

5
E =18x 10° Mna - pna apmatypHbix KaHaTos (K);
5 .
E_ =2,0x10° Mna - ana ocranbHoit apmatypsl (A u B).



[varpammbl COCTOAHMUA apMaTypbl

2.2.2.7. Npwu pacyeTte Kene3obeTOHHbIX 3/1eMEHTOB NO HENIMHENHON AedOPMaLMOHHON Moaenn B
KauyecTBe pacyeTHOW AuMarpammbl cOCTOAHMA (AedbopMMpPOBaHMA) apMaTypbl, YCTaHABAMBAlOLLEN CBA3b
MEXAY HanpaXeHWAMM O, U OTHOCUTENbHbIMK Aedopmaumamn &£, apmaTypbl, NPUHUMAOT ANA
apmaTypbl ¢ dpM3nYECKUM Npeaeniom TeKkydyecTn kKnaccos A240 - A500, B500 aBYXNMHENHYO Anarpammy

(pucyHoK 2, a), a ansa apmaTypbl C YCNOBHbIM Npeaenom Tekydectu knaccos A600 - A1000, Bp1200 -
Bp1500, K1400, K1500 - TpexnnHenHyto (pUCyHOK 2, 6).

A%
Gm =0y = Ra
arctgE
-
a) &0 o
(o)
s
A
o, = L1R
O = 14
G:l = 0’9 ‘Rs
arctg &,
&
6) ssl ESO 852

a - ABYXNMHeNHasn; 6 - TpexanHelHan
PucyHOK 2. lnarpaMmbl COCTOSIHUA PACTAHYTOM apMaTypbl

Anarpammbl COCTOAHMA apMaTypbl NPU PACTANKEHUN U CXHKATUU MPUHUMAIOT O4NHAKOBbIMMU.



2.2.2.8. HanpsaxeHua B apmatype O, COINacHO ABYXIMHENHOW AnarpaMme COCTOAHWUA apmaTypbl
onpeaenaloT B 3aBUCUMOCTU OT OTHOCUTE/IbHbIX AedopMmauuit £, no popmynam:

npno< & < &,
o, =¢ E ;(13)
npu &, <= &, <= &,

o, = R_.(14)

S

3Havenus &, E. v R, npunumaior cornacHo nn. 2.2.2.5, 2.2.2.6 u 2.2.2.2. 3HaueHus

N
oTHocuTenbHOM gedopmaumm &, NpUHMMaIOT paBHbimu 0,025.

2.2.2.9. HanpsxeHuna B apmatype O COI/1acHO TPEX/IMHENHOMN AMarpamme COCTOSHMA apmaTypbl
onpeaensaoT B 3aBUCUMOCTU OT OTHOCUTENbHBIX Aedopmaunii £, no popmynam:

npno< & < &y
o, =¢& E_;(15)
npu £y <= &, <= &,

1_O-S1 _gs_gsl +O-sl

R <L1R (16
’ R gso - gsl ’ ( )

N

3Hauenun &,,, £ n R npunuumatot cornacHo nn. 2.2.2.5,2.2.2.6 1 2.2.2.2.

so?

3HauyeHUA HanpAXeHU O NPUHMMaIOT paBHbiMK 0,9 R, a HanpaxeHwit O, - paBHbiMK 1,1 R

0,9R

[V S )
3HaueHMA OTHOCUTE/IbHBIX AedopMaLmii € NPUHUMAIOT PaBHbIMM —E , a pedbopmaunin &, -
pasHbimu 0,015.

2.2.3. MNpepgBapuTenbHble HAaNPAXEeHNA apmaTypbl

2.2.3.1. MpeaBaputencHble HanpsaKeHUA apmaTtypbl O NpuHUMatoT He 6onee 0,9 RS ana

sp N

ropayeKkaTaHoii M TepMOMEXaHMYeCKM YNpPOYHEHHOM apmaTypbl u He 6onee O0,8R =~ ana

xonoaHoaedoOpPMUPOBAHHOM apMaTypbl M apMaTypHbIX KaHaTOB.

2.2.3.2. Mpw pacyeTe NpeaBapuTeNIbHO HAaNPSXKEHHbIX KOHCTPYKUUI CneayeT yYnTbiBaTb CHUMKEHUE
npeABapuUTesIbHbIX HANpsXKeHW BCAeACTBME MOTEPb NPEeABAPUTENIbBHOFO HaNpsXeHua A0 nepegayu
YCUNUIA HaTAXKEHMA Ha BeTOH (nepBble NOTepPM) U NOC/e Nepeaadn YCUAUS HaTaKeHUA Ha BeToH (BTopble
notepu).

MepBble NOTEpM NPEABAPUTENIHOIO HAMPSA)KEHWSA BKAKOYAKOT MNOTepM OT  penaKkcaumm
npeABapuUTe/IbHbIX HANPSAXEHWN B apmaType, NOTEPU OT TEMMNEPATYPHOro nepenasa npy TepMUYECKO
0bpaboTKe KOHCTPYKLMI, noTepu oT gepopmaumm aHKepoB 1 gedbopmaummn popmbl (ynopos).

BTopble noTepu npenBapuTEeNIbHONO HAMPAMKEHWUA BKAOYAIOT MOTEPM OT YCaAKM M NOA3ydecTu
6eToHa.



2.2.3.3. MoTepwn OT penakcaumn HanpsKeHui apmaTypbl AO‘SPl onpeaenaoT no popmynam:

Ana apmatypsbl Knaccos A600 - A1000 npu cnocobe HaTaXKeHus:

MeXaHUYEeCKOM - AGSpl =0,10,, -2,0;(17)

snekTpotepmuyeckom - Ao, =0,030

spl — (18)

spfl

Ana apmatypsbl Knaccos Bp1200 - Bp1500, K1400, K1500 npu cnocobe HaTaKeHuA:

mexaHuueckom - Ao, = 0,22—--0,1 Oy ;(19)

3NEKTPOTEPMMNYECKOM - AGSPl =0,050,,.(20)

3aece O, npuHuMmaeTcs 6es notepb 8 Ma.

Mpu oTpMLaTENbHbIX 3HAaYEHUAX AO'Spl NpPUHUMaIOT AO'Spl =0.

I'IpM Hannumm bosiee TOYHbIX AaHHbIX O penakcaunn apmatypbl OONYCKAeTCA NMPUHUMATb UHbIE
3Ha4YeHMA NoTepPb OT pesaKCaLlnn.

2.2.3.4. TMoTepwm AJSPZ (MMa) oT TemnepatypHoro nepenaga Af (°C), onpepensemoro Kak

Pa3HOCTb TEMMNEpaTyp HATAHYTON apmaTypbl B 30He HarpeBa W YCTPOMCTBA, BOCMPUHUMAIOLLETO YCUAUSA
HaTAXXeHWA Npu Harpese 6eToHa, NPUHUMALOT PaBHbIMMU:

Ao,,, =1,25Af . (21)

MpU OTCYTCTBUM TOUHBIX JAHHbIX MO TeMMepaTypPHOMY nepenagy AonyckaeTtca npuHumats Af = 65
°C.

Mpy Hannuuu 6osee TOYHbLIX AAHHbBIX O TemMrepaTypHoi obpaboTKe KOHCTPYKLMU AONYyCKaeTca
NPUHUMATb MHble 3HaYeHMA NOTEPb OT TeEMMNepaTypHOro nepenagaa.

2.2.3.5. NoTepn oT aedopmaumumn ctanbHoit dopmbl (ynopos) AO‘SP3 npuM HeoAHOBPEMEHHOM

HaTAXXeHMM apmaTypbl Ha popmy onpeaensatoT no dopmyne

n-1 Al
A =— — 22
GspS 27’1 l sr( )

rae n - YNCNOo CTepXKHen (rpynn cTepskHein), HaTArMBaeMblX HEO4HOBPEMEHHO;

Al - c6anskeHre ynopos no NMHUM AEMCTBUA YCUANA HATAKEHWA apMaTypbl, ONpeaensieMoe 13
pacyeTa gedopmaunmn Gopmbl;

| - paccTosiHME MeXKaY HapYKHbIMW rPaHAMM YNOpPOoB.

Mpu OTCYTCTBMM A[AHHBIX O KOHCTPYKUMW GOPMbI M TEXHONOTMW W3rOTOBAEHUSA AOMNYyCKAeTCs

npurumate A, 5 =30 Ma.

MpX 31eKTPOTEPMUYECKOM CMOCODE HATAMKEHUA apmaTypbl notepu oT aedopmauum Gopmbl He
YYUTbIBAIOTCA.

2.2.3.6. NoTepu oT aedpopmaumm aHKePOB HATAXKHbIX YCTPOICTB AGSM onpeaenatoT no popmyne

Al
Ao-spll = TES‘ ,(23)



rae Al - 06aTue aHKepoB UM CMeLLEHMe CTEPKHA B 3aXKUMaX aHKEPOB;
| - paccTosiHME MeKay Hapy»KHbIMW rPaHAMM YNOPOB.

MpM OTCYTCTBUM AaHHbIX gonyckaeTtca npuHumats Al = 2 mm.
MpyY 371EeKTPOTEPMMYECKOM Crocobe HaTAKEHWA apmaTypbl noTepu oT AedopmMaunn aHKepPoB He
YUUTbIBAIOT.

2.2.3.7. NoTepw oT ycagKkun 6eToHa AGSP5 onpeaenaoT no popmyne
AO_SpS = gb,shEs ’ (24)

rae gb,sh - ,u,ed)opmau,mm yCaaKku 6ETOHa, 3Ha4YeHMA KOTOPbIX MOXHO ﬂpMﬁﬂM)KEHHO NMPUHUMATDL B

3aBUCUMOCTM OT KJlacca 6eToHa paBHbIMU:
0,0002 - gnsa 6eToHa KnaccoB B35 u HUXKE;
0,00025 - ana 6eToHa Knacca B40;
0,0003 - ana 6eToHa Knaccos B45 u Bbile.
JonyckaeTcsa noTepu oT ycaakm beToHa onpenenatb 6osiee TOYHbIMM METOAAMMW.

2.2.3.8. MoTepwn oT nonsyyectn 6eToHa AGSPG onpeaenstoT no popmyne

O’8a¢b cro-b j
Ao,q = R , (25)

A,
l+ a/’lspj 1+‘)/3}M1 (1+ 018g0b,cr)

red

rae @, .. - KoahduumeHT nonsyyectn 6eToHa, onpeaensembli cornacHo n. 2.1.2.7;

O, - HanpsxeHus B 6eToHe Ha ypOBHE LeHTpa TAXKECTU pacCMaTPMBAEMOW j-i FPYNMbl CTepKHeN

HanpAraemoi apmartypbl;

Yy - pacctoaHue mexay LEHTPamu TAMECTW CeYeHWs pacCMaTpuUBAEMOW rpynMbl CTEpPMHHEN
Hanpsraemon apmaTypbl U NPUBELEHHOTO NONEPEYHOIO CEYEHUA SNEMEHTA;

A, 1, -nnowass npuBeseHHOro CeYeHUA 31EeMEHTa U ee MOMEHT MHEPLUM OTHOCUTENbHO
LEeHTPa TAXECTU NPUBELEHHOTO CEYEHUSA;

My, - K03 PULMEHT apMMpPOBaHUA, PABHbIN Aspj
CeYeHMn COOTBETCTBEHHO 3/1IEMEHTA M pacCMaTpMBaEeMOMN rpynnbl CTEPKHEN HAaNpsAraemon apmaTypbl.

[JonyckaeTca noTepu oT nonsydyectn 6eToHa onpeaensTs 6onee ToOYHbIMM METOLAMM.

/A, toe A n Aspj - nJowaan nonepeyHoro

Hanpssxenns Oy, onpefenatoT no npasuaam pacyeta ynpyrux MaTepuasncs, NpUHAMAs

npvBeAeHHOE CeYeHUe 3/1emMeHTa, BK/oYalowee naowaab cedyeHms 6eToHa M Naowaab ceYyeHus Bcew
NPOAO0AbHOM apmaTypbl (Hanparaemon u HeHanparaemomn) ¢ KoapdULUMEeHTOM NPUBELEHUA apMaTypPbl K

6eToHy & = —> cornacHo n. 2.2.3.10.
b

2.2.3.9. MonHble 3HaAYeHUA MepBbIX NOTEPb NPenBaPUTENbHOIO HAMPAXKEHUsA apmaTtypbl (No nn.
2.2.3.3-2.2.3.6) onpeaenstoT no popmyne

i=4
AO-sp(l) = ZAo-spi ’ (26)
i=1

roei- HOMepP NoTepb NpeaBapuUTeIbHOIo HanpAaXxeHnA.
Ycunve npeasaputenbHoOro 0b6xkatma 6eToHa c Y4€TOM NEPBbIX NOTEPDL PABHO:



By = Z (4,0,0,), 27
J

roe Aspj n Oy, - NNowanb ceveHus j-" rpynnbl CTEP}KHEM Hanparaemon apmaTtypbl B CEYEHUU

3/1eMEeHTa U NpeaBapuUTesibHOE HanpAXeHue B rpynne Cc y4Hetom nepsBbiX NOTEPb

T = Tuy - A0y -

S, S

3aecb O, - HauyanbHOe NPeABapUTE/NbHOE HAMPAXKEHWE PacCMaTPUBAEMON rpynMbl CTepKHeN

apmarypbl.
MonHble 3HaYeHUs NepBbIX U BTOPbIX NOTEPb NPesBapUTEIbHOIO HAMNPAXKEHUsA apmMmaTypbl (No nn.
2.2.3.3-2.2.3.8) onpeaensatoT no popmyne

i=6
AO-sp(Z) = ZAo-spi . (28)
i=1

Ycunue B Hanpﬂraemoﬁ apmartype C Y4eTOM MOJIHbIX NOTEPb PAaBHO!

})(2) = Z (Aspjo-sp(Z)j) , (29)
J

roe

Oy = O — ATy,

MpM NPOEKTUPOBAHUM KOHCTPYKUMA MNOJIHbIE CYMMapHble noTepu AO‘SP(ZU ANA apmartypbl,

pPacnonoXeHHOM B PacTAHYTON MPW 3KCMAyaTauuM 30HE CEYEHUs 3/1IeMEHTa, cnenyeT NPUHUMaTb He
meHee 100 MMMa.

Mpn onpegeneHun ycunus npegBapuTeNibHOro obxkaTms 6eToHa P c yyeTom MOAHbLIX NOTepb
HaNpPAXXEHUN CNedyeT YyUMTbiBaTb CHUMAOLWME HAMPAMKEHUA B HEHanpsraemMon apmaType, YUMCAEHHO
paBHble CyMMe NoTepb OT yCafKM U Nos3yyecTn 6eToHa Ha ypoBHe 3TOM apmaTypbl.

2.2.3.10. MpepgBapuTenbHble HanpsaXKeHns B 6eToHe 0, Npv nepeaaye ycunua npessaputesbHoro

0b6xkaTnA P(1) , onpeAenaemoro € y4eTom nepsbIX NOTEPb, He AO/IXKHbI MNPeBbIWAaTb: €CAN HanpAXeHUa

YMEHbLUAIOTCA UAN HE U3MEHAITCA NPU AEeNCTBMM BHELIHWX HArpysok - 0,9Rbp; ec/n HanpaxeHua
YBE/NYMBAOTCA NPU AENCTBUM BHELIHUX HArpy3ok - 0,7 th .
HanpseHusa B 6eToHe O, onpefensatoT no dopmyne

P

@
Oy, = y T

red

P(]-) eopy i My
1 1

red red

,(30)

rae })(1) -ycunune npeasaputesbHoOro obxatua c Y4E€TOM NnepsbIX NOTEPD;

M - n3rmbatowmMin MOMEHT OT BHELLHEeM Harpysku, 4encTBytowen B cTagmum 06:katna (COBCTBEHHbIN
BEC 3/1eMeHTa);



€,p - IKCLUEHTPUCHTET yCuma P(l) OTHOCUTE/IbHO LEeHTpa TAXECTU NpuBeaeHHOro NonepeyHoro
CeYeHUA 3NeMeHTa;
Y - pacCTofiHNe OT LeHTpa TAXKECTN NPUBEAEHHONO CeYEeHUA A0 PacCMaTPUBAEMOro BOIOKHA.
2.2.3.11. JnaunHy 30HbI Nepegayn npensapuTenbHOro HanpaXKeHus Ha 6eToH AnAa apmatypbl 6es

OOMNOJIHUTENbHbIX aHKEPYIOLLMX YCTPOMCTB onpeaenstoT no popmyne

. O'SpAS

g Rbond s Y

HO He meHee 10 ds 1 200 mm, a ANA apmaTypHbIX KAHATOB - TakKe He meHee 300 mm.

B dopmyne (31):

O, - NpefjBapuTeNibHOe HanpsxeHue B Hanpsaraemowm apmaType C y4eToM NepBbIX NoTepb;
R

nepep,aTquoﬁ NMPOYHOCTN 6eToHa n onpegenaemoe cornacHo n. 5.3;

bond - COMPOTUBAEHME CLENAeHWA HanpAraemoi apmaTtypbl ¢ 6eToHOM, oOTBevaloliee

AS , U, - nnowasb v NepumeTp CTEPXKHA apmaTypbl.

Mepeaayy nNpeaBapuUTENbHOMO HaMNPAXKEHMA C apmaTypbl Ha 6ETOH peKoMeHAyeTCA OCYLLEeCTBAATb
nnasHo.

3. PacyeT 3/1eMeHTOB NpeABapUTENbHO HAMPAKEHHbIX
KenesobeToHHbIX KOHCTPYKLMI Mo NpeaenbHbIM COCTOAHUAM
nepBoi rpynnbl

3.1. PacyeT NpeaBapuTe/IbHO HaMPAMKEHHbIX
Kene30b6eTOHHbIX 31eMEHTOB MO NPOYHOCTH

3.1.1. O6buwue nonoxeHusn

3.1.1.1. B Hactoswem CIl1 npuBeAeHbl yKa3aHMA NO pacyeTy M3rnmbaembix MpenBapUTeNbHO
HanNpPAXXeHHbIX 3/1EMEHTOB.

PacueT npeaBapuTeNbHO HaNpPAMKEHHbIX 3N1EMEHTOB MPOU3BOAAT AAA CTaAMW IKCNAyaTauuu Ha
aenctene un3rnbaloWwmMx MOMEHTOB W MOMEPEeYHbIX CUA OT BHELWHWX Harpysok M Ana CcTagumu
npeaBapuTeIbHOro 06XXaTma Ha AeNCTBME YCUAUIA OT NPeaBapUTE/IbHOrO HaTAXKEHUA apMaTypbl U YCUANIA
OT BHELLHMX Harpysok, 4enNCTBYOWMX B CTaaMM 06KaTus.

3.1.1.2. PacyeT noO NPOYHOCTU NpeaHaANpPsXKEHHbIX 3/NEMEHTOB NpU AENCTBUM M3rMbBatoLWMX
MOMEHTOB CllelyeT NPOU3BOANTb /1A CEYEHUIM, HOPMAJIbHBIX K UX MPOAOABHOM OCMH.

PacyeT no npoYyHocTM B 06LLEM C/lyYae NPOM3BOAAT Ha OCHOBE HeNUMHENHOWN AedOopMaLMOHHONM
mozenu cornacHo n. 3.1.4.

JonyckaeTca pacyeT Kenes3obeToHHbIX 3/1eMEHTOB NPAMOYFO/IbHOr0, TaBPOBOIO U ABYTaBPOBOr0
CeYeHUI C apMaTypoit, PpacnosioKEHHOW y NepneHaMKyAapHOM NIOCKOCTM U3rMba rpaHei afnemeHTa, npu
AEeNCTBUMN YCUAUI B NJIOCKOCTU CUMMETPUU HOPMAJIbHbBIX CEYEHUI MPOM3BOANTL HAa OCHOBE NpPeaebHbIX
ycunnin cornacHo nn. 3.1.2 n 3.1.3.

3.1.1.3. Ana xKenes3obeTOHHbIX 3/1EMEHTOB, Y KOTOpbIX MpeaenbHOe ycuame Mo MPOYHOCTM
OKa3blBaeTCA MeHblle MpeaesibHOro ycuausa no obpasosaHuio TpewwuH (M. 4.2.2), niowanb cevyeHus
NPOAO/IbHOW PacTAHYTON apMaTypbl AOXKHA 6bITb YBEMUEHa N0 cpaBHEHUIO ¢ Tpebyemoit 13 pacyeTa no
NMPOYHOCTN He MeHee yemM Ha 15% unm AoNKHA yAOBAETBOPATb pacyeTy MO MPOYHOCTU Ha AeicTBue
MOMeHTa 06pa3oBaHMA TPELLMH.

3.1.1.4. PacuyeT npegHanpaXKeHHbIX 31eMEHTOB B CTagMM 06XKaTMA NpPOM3BOSAT KaK npu
BHELLEHTPEHHOM CXaTUKU yCUANEM NpeaBapuUTenbHOro 06xkatma B npefenbHOM COCTOAHWM COFNAcHO n.
3.1.3.1.

3.1.1.5. PacyeT no MPOYHOCTM NpeaBaAPUTE/IbHO HAMPSAMKEHHbIX 3/IEMEHTOB MNpuU AeNCTBUM



nonepeyvHbIx CUA cieayeT NPOM3BOAMUTL AR CEYEHMI, HAKNOHHBIX K UX NPoAoAbHOM ocu (n. 3.1.5).
3.1.1.6. Mpu pacyeTe npenBapuTENIbHO HAMPAXKEHHbIX 3/EMEHTOB MO MPOYHOCTU cCredyeT
YUNTbIBaTb BO3MOMKHbIE OTKNOHEHUA MNpPenBapUTE/IbHOrO HanpsAXeHusa, Onpeaensemoro COraacHo .

2.2.3.9 nyTem YMHOXeHMUA 3HauyeHui O (nnn ycunuma obxkatun Pj) ANA paccMaTpuBaemoro j-ro
CTEPXKHA WAV TPYNMbl CTEPXKHEN HAaNPAraeMoi apMaTypbl Ha KO3GGUUMEHT V.

3HaueHWs KoapdULMEHTa ¥, MPUHUMAIOT PaBHbIMM:

0,9 - Nnpu 6aaronpUATHOM BANSHUM NPEABaPUTE/IbHOTO HANPAXKEHUS;
1,1 - npu HebnaronpUATHOM BAUSHUM NPEABAPUTENbHOIO HaMNPAXKEHUA.

3.1.2. PacyeTt npeaBapuTesIbHO HAaNPAXKEHHbIX 3/leMeHTOB
Ha AelcTBME U3rMBAOLLMX MOMEHTOB B CTaAMM 3KCMyaTaumm
no npeaenbHbIM YCUANAM

3.1.2.1. MNpeaenbHble YCUAMA B CEYEHUWU, HOPMAZbHOM K NPOAONLHON OCW 3nemeHTa, cnepyet
onpeaensaTb UCXOAA U3 CAeAyroLWMX NPeanoCbIIOK:
conpoTuBaeHne 6eToHa PaCTAKEHMIO MPUHUMAIOT PABHbIM HYIO;

conpoTtusaeHue 6eToHa crKaTuio npeacrtaBadaeTca HanpAaxXeHnAaMmum, paBHbiMU Rb N paBHOMEPHO

pacnpeaeneHHbiMmu no CXKaToM 30He 6eTOHa;
pactarnearouwine HanpAa>XeHnAa B apmaTtype NpPpUHUMAKOT He 6onee pac4eTHOro conpoTtmeBieHUA

pactsxenunio R ;
CHMMAIOLLME HANPSAKEHUs B apMaType NPUHUMAIOT He 60/1ee PaCYeTHOTO COMPOTUBAEHMUS CHKATMIO

R..
[lonyckaeTcAa NpuWHMMaTb AAA  PacTAHYTOW apMmaTypbl C YCJOBHbIM NPeAeNoM  TeKyyecTy
HanpsxeHus Bbilwe R, Ho He 6onee 1,1 R, 8 3aBucumocTy oT cooTHowenua & u &, (n.3.1.2.2).

3.1.2.2. Pacyet no NPOYHOCTN HOPMaNbHbIX cevyeHnM cneayer npoumssoanTb B 3aBUCUMMOCTU OT

X
COOTHOWEHNA MexXay 3HadYeHunem OTHOCUTE/NIbHOW  BbICOTbl CKAaTOW 30HbI 6HeToHa éZ:h_,
o

onpe,qenﬂeN\oﬁ M3 COOTBETCTBYHOLMNX YCHOBVIIZ paBHOBECHUA, U 3HAYEHUNEM rpaHMquﬁ OTHOCUTE/IbHOM

BbICOTbI CYKaTOW 30HbI ng , MPU KOTOPOW NpeaenbHoe CoCToAHME 3/1eMeHTa HacTynaeT 04HOBPEMEHHO C
AOCTUXKEHWEM B PaCTAHYTON apMaType HanpsKeHUs, PaBHOro pacyeTHoMy conpoTusneHuio R .

3.1.2.3. 3HayeHune é:R onpeaenatot no popmyne

X 0,8
Sr =h—R=—g ,(32)
0 1+ s,el
gb,ult

roe &, , - OTHOCcUTeNbHas Aedpopmauns apmaTypbl PacTAHYTON 30HbI, BbI3BaHHAA BHELLHeW
Harpy3Koi Npu JOCTUKEHUM B 3TOW apmaType HanpsKeHus, pasHoro R ;

&y - OTHOCWTenbHas pAedopmauma CKaToro 6eToHa NpW  HanpmKEeHUAX, PaBHbIX Rb,
npuHnumaemas pasHoi 0,0035.

N1A apMaTypbl C YCIOBHbIM M JIOM TEKYYECTU 3HaYEeHM n NAOT N myn
A apma cycnos eAeNoM TEKYYeCTU 3HaueHne &, ,; onpenensatoT no o e

R +400-0,
gs,el = E

N

,(33)



rae O, - NpeABapuTe/ibHOE HanNpAXeHWe B apmaType C y4eTOM BCeX NoTepb U Jo, = 0,9; 400 - B
MTa.

S

E

N

3.1.2.4. Ana HanpsiraeMo apmaTypbl, PacnooXEeHHOM B CKaTOM 30HE, PaCYETHOE CONPOTUB/EHUNE

Ana HeHanparaemoi apmaTypbl ¢ GU3MYECKMM Npeaenom Tekydectn &€, ,; =

okatmio R (nn.3.1.2.6, 3.1.2.7) fomkHO 6biTb 3aMeHeHO HanpskeHnem O, , pasHbiM (MMa):
(500 - O"Sp ) - npu yyeTe KoadpduumneHTa ycaosmit pabotsl 6etoHa ), =0,9 (n. 2.1.2.3);
(400 - G'Sp )-npn Y =1,0.

1
3HaueHuna O

, Onpeensior ¢ KoappuumeHToM Ve = L1

Bo Bcex cnyuasx HanpsxeHue O, NpUHUMatoT He 6onee R .

3.1.2.5. PacyeT No NPOYHOCTM CeYEHUI U3rMbaembixX 3/1eMEHTOB NPOU3BOAAT U3 YC/I0BUA
M<M,, (34

roe M - n3rnbaroLmnini MOMEHT OT BHELUHEN HarpysKu;

M
3.1.2.6. 3HaueHne M

4~ NPeAenbHbIN N3rnbatoLLMii MOMEHT, KOTOPbIN MOXKeT BbITb BOCMPUHAT CEUYEHMEM 3/1eEMEHTA.

ue BNA M3rnbaembix 31€MEHTOB NPAMOYrONbHOIO CeYeHUA (PUCYHOK 3) npu

X
& =—< &, onpegenator no dopmyne

h

M, =Rbx(h,—0,5x)+R A" (h, —a);(35)
Npu 3TOM BbICOTY C}KaTOM 30HbI X onpeaenstoT no opmyne

—_ RS AS B RSCA 'S

b . (36)

()
N —
~h
hD

PucyHoK 3. Cxema ycuauid 1 antopa HanpsKeHUin B CeYeHUN,
HOPMa/IbHOM K NPOAO0bHOW OCH
n3rnbaemoro npeaBapuUTeNbHO HaNPAKEHHOTO 3/1eMeHTa



Nnpwu ero pacyeTe No NPoYHOCTH

“ 1
B dopmynax atoro nyHKTa 1 n. 3.1.2.7 0603HauYeHnA Naolanen ceyeHus AS n A ; OTHOCATCA KaK
K HanpsaraemoMm, TaK U K HeHanparaemom apmarype.

3.1.2.7. 3nauenne M, ans usarnbaembix 31€MEHTOB, UMEIOLWX MOJIKY B CKATOI 30He (TaBpoBble

X
M aByTaBpoBble ceuenus), npu & =—<C, onpenenaioT B 3aBUCMMOCTM OT MOJONKEHUA TPaHULLbI

h

o
CXKaToOM 30HbI:
a) ecnum rpaHULA NPOXOAUT B NOJIKe (PUCYHOK 4, a), T.e. cobatoaaeTca ycnosue

snauenne M, onpepgensior no n. 3.1.2.6 Kak ANA NPAMOYTONIBHOMO CEYEHUA LIMPUHOVA bf;

’ A;

/ R

A

6)



a- B NosiKe; 6 - B pebpe

PUCYHOK 4. MoN0XKeHWe rpaHuLLbl CXKaToM 30HbI
B CEYEHMM N3rMbaemoro npesBapuTe/IbHO HaMNpPsAXKEeHHOro 3nemeHTa

6) ecnu rpaHMUa NpoxoamuT B pebpe (pucyHok 4, 6), T.e. ycnosue (37) He cobntogaertcs, 3HayeHne

M ,,, onpegensior no dopmyne
M., = R,bx(h,—0,5x) + R, (b, —=b)xh,(h,—0,5h,)+ R A (h,—a'); 38)

MpW 3TOM BbICOTY C}aToM 30HbI 6eTOHa X onpeaenaioT no popmyne

RA—R.A'—R,(b,—b)h,
= : —.(39)
R,b

X

3.1.2.8. 3Hauenue b , BBOOMMOE B pacyeT, NPUHUMALIOT U3 YCAOBMKA, YTO LWUMPUHA CBECA MONKU B

Kaxaylo CTOpoHyY oT pebpa A0KHa 6bITb He 6onee 1/6 nposieTa afnemeHTa 1 He 6osee:
a) Npy HaAMyYMKM nonepeyHbix pebep mMan npwm hf 2 0,1h - 1/2 paccToaHMa B CBETY Mexay

NpoAo/ibHbIMU pebpamu;
6) Npu OTCYTCTBUM nonepevHbix pebep (MAKM NPU PaACCTOAHUAX MeXAY HUMKU BOAbLLUX, Yem

PacCTOAHUA MeXKAY NPOoA0AbHbIMKU pebpamu) u /’lf <0,1h-6 h};
B) NPU KOHCO/IbHbIX CBECAX MOJKU:
npu hf >=0,1h... 6 hjl,;
npu 0,05h <= hf <0,1h...3 h"f;

npu /1, <0,05h - cBecbI He yunThIBaIOT.
3.1.2.9. Npu pacyeTe NO NPOYHOCTM U3TMBAEMbIX 3/IEMEHTOB pekomeHayeTca cobntoaatb ycnosume

x<Eph, .
B cnyyae Korga no KOHCTPYKTUBHbBIM COOBPaXKeHUAM AN U3 pacyeTa Nno nNpeaesbHbIM COCTOSHUAM
BTOPOW rpynnbl NAOLWAAb PACTAHYTOM apmaTypbl NPUHATA bonbLuel, Yem 3To TpebyeTcs ana cobaoaeHns

ycnosua X < thO , LONyCKaeTca npeaenbHbiii usrmbatowmii moment M, onpepensts no dopmyne
(35) unu (38), noacrasnAs B Hee 3HAYEHUSA BbICOTbI CXKATOM 30HbI X = tho .

3.1.3. PacuyeT npeaBapuTE/IbHO HaNPSAXKEHHbIX 3/1eMEHTOB
B CTaAuW NpesBapuTeNbHOro o6xKatua

3.1.3.1. Mpwu pacyeTe sanemeHTa B CTaAuM NPeABapUTENIbHOIO 06XaTua yCcuane B HanpsiraeMom
apmaTtype BBOAMTCA B pacyeT KaK BHELHAA NpoA0/bHaA CUa, paBHas:

N,=(o,-330)4,+0,4,, 40)

rae Asp 7] Asp - naowaab cevyeHunA Hanpﬂraemoi/'l apmaTtypbl, pacnonomeHHoﬁ COOTBETCTBEHHO B

Hanbonee o06:KaToM U B pacTAHYTOM (MeHee 063KaTol) 30HaxX ceyeHus;

Oy, n O, - NpeABapuUTe/ibHblE HANPSAKEHUA C YHETOM NepBbIX NOTepb U KoadduumeHTa 7, = 1,1



B apmaTtype C nsiolaablo ceveHunA ASP n Avp .

3.1.3.2. Pacyet no NMPOYHOCTUN S1EMEHTOB NPAMOYIroJibHOIro ce4eHnA B CTagun npenBapuTesibHOro
obrKatua npon3BoaAT U3 ycnosuma

N e, <Rbx(h,—0,5x)+R A (h,—a’), (1)

rae ep - PacCTtoAHUNE OT TOYKU MNPUNOKEHUA I'IpOLI,O/'IbHOﬁ CUNbI Np C y4yeTom BAUNAHUA

usrmbatoLLero momeHTa M oT BHeELWHEeWN Harpysku, AeUCTBYIOLWEeN B CTagumn U3rotoBaeHus (cobcTBeHHbI
BEC 3/1IeMeHTa), A0 LEHTPa TAXKECTU CeYEHMSA HeHanpAraemomn apmaTtypbl, PAcTAHYTOW WAM HaumeHee
cKaTol (Mpy MOMIHOCTBIO CXATOM CEYEHUWM INEMEHTA) OT 3TUX YCUMAMK (PUCYHOK 5), onpeaensemoe no

dopmyne

€,, - PACcCTOAHME OT TOUKM NMPUJIONKEHUA CUbI Np [0 LEHTPA TAKECTU CEYEHUA INEMEHTA;
R, - pacueTHoe conpoTueneHue 6eToHa CKaTWIO, MPUHMMaEMOe KaKk AnA Knacca 6eToHa no

NMPOYHOCTNU Ha CXaTne, YNCNEHHO pPaBHOIo nepe,u,aTquofz'l MPOYHOCTU beToHa Rbp' no JINHeNHOWM

WHTepnonsauuu (Tabnuua 2);
R . - pacuetHoe conpoTuBneHWe HeHanpsAraemoii apmaTypbl CKaTWio, MPUHUMAEMoe B CTaAuu

npeasaputTenbHoro o6xxatma He 6onee 330 MMMa;

AS - NAoWaAb CeYEHUA HEeHanpAraemom apmaTypbl, pacrno/ioXeHHON B HanboJsiee CXKaTon 30He

ceyeHnAa anemeHTa.

L) RA ¥

A% | 378

A7/

| =
/

PucyHOK 5. Cxema ycuauii 1 anopa HanpsaxXeHui
B CEYEHMM, HOPMAJILHOM K MPOA0/IbHOM OCK
n3rnbaemoro npeaBapuUTeNbHO HaNPAKEHHOTO 3/1eMeHTa
npu ero pacyerte No NPOYHOCTU B CTaAUM 0bXKaTUA

BbicoTy cxKaTol 30HbI 6eTOHa X onpeaensatoT B 3aBUCUMOCTUN OT BEAMUUYUHDI fR , onpeaensemomn no



) — S
dopmyne (32) c noacTaHOBKOW B Hee 3HayeHua & ——E , rae R_ - pacuetHoe conpotusnenue

N

pacTAHYTON HEHanpsAraemom apmaTypbl AS M &, =0,003:

X
a)npu & = h_ < &, (cm. pucyHOK 5) no popmyne

o

S

—; (43)

Np + RSAS - RSCA'
- R,b

X
6) npn & =—> §R (roe x - cm. nos. a) no dopmyne

h

o

N +RA ﬁ—RSCA'S
g 1_§R

X = . (44)
R,b+ _2RA,
ho (1+ é:R)

3.1.3.3. PacyeT no MNpPOYHOCTU 3/1EMEHTOB TaBPOBOroO M [ABYTAaBPOBOrO CEYEHUN B CTaauu
npeaBapuTesibHOro 06xKaTna NPon3BoAAT B 3aBUCUMOCTU OT NMOOXKEHMA FPAHULLbI CXKATOM 30HbI:
a) ecnum rpaHMLA CKaToW 30HbI MPOXOAMT B MOJIKE (CM. PUCYHOK 4, a), T.e. cobatogaeTcs ycaosume

Np < Rbbfhf - RSAS + RccAv ’ (45)

pacyeT NPoM3BOAAT KaK ANA NPAMOYTro/IbHOrO CeYEHUS WNPUHOM bf cornacHo n. 3.1.3.2;

6) ecnn rpaHMLa CKaTol 30HbI MpoxoauT B pebpe (cm. pucyHok 4, 6), T.e. ycnosue (45) He
cobntopaercs, pacyeT NPon3BOAAT U3 YCA0BUA

N e, <R bx(h,—0,5x)+R, (b, —b)xh,(h,—0,5h)+ R A (h,—a’), (a6)

rae €, =¢€,, +Z, iv; €, -Ccm.1.3.1.3.2;
p

Z, - pacCToAHME OT LEHTPa TAXEeCTU CeYEeHMA 3/NeMeHTa A0 PacTAHYTOM (HaumeHee CaToi)

HeHanparaemomn apmaTypbi.
BbICOTY C}KaToM 30HbI OMNpeaensaoT No Gopmynam:

a) npu «”::hiﬁ &r (& -om.n.3.1.3.2)

o

N,+R A —R_A'—R, (b, —b)h,
x= ; (47)
Rb




5)an§=h1>§R

o

N +R.A, lJrifR—Rw,4's—zzb (b, —b)h,
r 1_§R .

X = . (48)
Rbb + 2RSAS
ho (1_ éR)

3.1.4. PacyeT No NPOYHOCTM HOPMa/ibHbIX CEYEHNI
Ha OCHOBE He/IMHeHOoM AedopMaLnMOHHOM Moaenmn

3.1.4.1. Mpwu pacyeTe NO NPOYHOCTU ycuua u gedopmaumm B Ce4eHUM, HOPMaAbHOM K NPOAONbHOM
OCW 3/71eMEHTa, ONpeaenAloT Ha OCHOBE HeNMHeWHoW AedOpPMALMOHHOW MOLENU, WMCNO/b3yloLLEeNn
YPaBHEHUA PaBHOBECUA BHELLUHUX CUA N BHYTPEHHUX YCUAUI B CEUYEHUM INIEMEHTA, a TaK¥Ke cneayowme
NONOKEHUA:

pacnpegeneHve oTHOCUTENbHbIX AedopMaunin 6eToHa M apmaTypbl MO BbICOTE CeYEHMUS INEMEHTA
OT BHELUHEeMN Harpyskn NpMHUMALOT MO JIMHEMHOMY 3aKOHY (rMnoTesa NaoCKUX CeYeHUn);

CBA3b MEXKAY OCEBbIMW HaMNPAXKEHUAMM U OTHOCUTENbHLIMKU AedopMaumamMM BeToHa 1 apmaTypbl
NPWUHMMALOT B BUAE AnarpaMm cocTosHuA (gedpopmmnpoBaHma) 6eToHa n apmatypsl (nn. 2.1.2.10, 2.2.2.7);

conpotueneHne 6eToHa PacTAHYTOM 30Hbl [JOMYCKAeTCA He yYUTbIBaTb, MPUHMMAA NpU &, >0

Hanpaxexna 0,; = 0.

3.1.4.2. Mepexoa OT 3niopbl HanNpsaxeHWn B O6eTOHe K O0OOOLWEHHbIM BHYTPEHHUM YCUAUAM
onpeaenAlnT C NOMOLWbIO NpoLeaypbl YUCAEHHOTO MHTETPUPOBAHMA HANPAXKEHWUN MO HOPMaNbHOMY
ceyeHuto. na 3TOro HopMasibHOe CeYeHME YCIOBHO PA3AENAOT Ha Masible YY4aCTKU: NPU KOCOM M3rnbe -
MO BbICOTE U LUMPUHE CEYEHMSA; MPU U3rMbe B NIOCKOCTU OCU CUMMETPUM NOMEPEYHOrO CEYEHMA S1EMEHTA
- TONIbKO MO BbICOTE ceyeHuA. HanpsaxeHuna B npegenax mManbixX y4aCTKOB MPUHMMAIOT PaBHOMEPHO
pacnpeaeneHHbIMU (YycpeaHEHHbIMM).

3.1.4.3. Mpu pacyeTe 3/€MEHTOB C UCMNO/b30BaHMEM HeAUHeWHoW aedopmauMoOHHON moaenu
NPUHUMAIOT:

3HAYEHMUA CHMMAIOLWEN NPOAOABHON CU/bI, @ TaKXKe CHUMAOLWMUX HANPAXKEHUN n gedopmauni
yKopouyeHua 6eToHa M apmaTypbl CO 3HaKom "-";

3HAYEHUA pPacTArMBalOWEN MNPOLO/NBbHON CUAbl, @ TaKKe pPaACTArMBAOWMX HAMPAXKEHUN U
aAedbopmaumin yannHeHus 6eToHa M apmaTypbl CO 3Hakom "+",

3HaKM KOOPAMHAT LEeHTPOB TAXKECTU apMaTYpPHbIX CTEPXKHEN M BblgesieHHbIX y4acTKOB 6eToHa, a
TAKXXe TOYKM MPUIONKEHUA MPOAOJbHOM CUAbI NPUHMMAIOT B COOTBETCTBUM C HAa3HAYEHHOM CUCTEMOW
KoopanHaT XOY. B obLiem cnyyae Havyano KOoOpAUHAT 3TOM cuctemsbl (Touka O Ha pUCyHKe 6) pacnosaratoT
B NPOW3BOJIBHOM MECTe B Npesesiax NonepeyHoro CeYeHMA 31eMeHTA.



PucyHok 6. PacyeTHada cxema HOPMa/JIbHOTO ce4yeHunA
ene3obeToHHOro 3/ieMeHTa

3.1.4.4. Tlpu pacyeTe HOPMAa/NbHbIX CEYEHUI MO MNPOYHOCTM (CM. PUCYHOK 6) B obuiem caydae

MCNO/Ib3YIOT:
YpPaBHEHUNA paBHOBECUNA BHELWHNX CUNT U BHYTPEHHUX ycvmmﬁ B HOPMa/IbHOM CEYEHUN INEMEHTA

Mx = Zo-biAbibei + Zo-sjAsijsxj ; (49)
i J

M)’ = ZabiAbiZbyi + Z O-sjjAsijsyj ; (50)
i J

N = zo-hiAhi + ZGSJASJ ;(51)
i J

ypaBHeHUA, onpegensolme pacnpegeneHve aebopmaumnii oT AENCTBUA BHELWHEN Harpysku no
CEYEHUI0 31eEMEHTa

1 1
gbi = 6‘0 +_bei +V_Zbyi ; (52)

X y



1 1
gsj = 80 +_ZAx] +r_Zsyj ; (53)

r, )

3aBMCUMOCTM, CBA3bIBAIOLLIME HAMPAXKEHUA U OTHOCUTE/IbHbIE Aedopmaunn 6eToHa M apmaTypbl:
beToHa

o, =E,V,&,;(54)
HeHanparaemoi apmaTypbl
oy = Egv,é;(55)
HanpAraemol apmaTypbl
o, =Ev(e;+¢,).(56)

B ypaBHeHusx (49) - (56):
M _, My - u3rubalolMe MOMEHTbl OT BHELWHEN Harpy3KM OTHOCWUTENbHO BbIGPAHHbLIX W

pacnonaraemblx B npegenax NonepevyHoro CevYeHus snemeHTa KOOPAMHATHbIX Ocel (COOTBETCTBEHHO
OEeNCTBYIOLWMX B NocKocTAX X0Z u YOZ unu napannensHo Um), onpegensemble no Gpopmynam:

M_ =M ,+ Ne_;(57)

M, =M, +Ne,,

rae M, Myd - n3rmbatoL e MOMeHTbI B COOTBETCTBYIOLLMX MNIOCKOCTAX OT BHELWHEN HarpysKuy,

onpeaensiemble U3 CTaTUYECKOro pacyeTa KOHCTPYKLUUK;
N - npoAo/ibHas cuaa OT BHELUHEM Harpysku; Ana nsrmbaembix npeaBapuTe/ibHO HaMpPsXKEeHHbIX
anemeHTOB N = 0;

€., €, - PacCTOAHMA OT TOUKU NPUIOKeHUA cuibl N A0 COOTBETCTBYIOLLMX BbIBPAHHbIX OCew;

A, Z, ., Zbyl., O, - Nnowab, KOOPAMHATbI LIEHTPa TAXECTM i-ro yyacTka 6eToHa 1 HanpaxeHue
Ha YPOBHe ero LeHTpa TAXKeCTH;

Asj, stj, Zsyj, O - NJOWAAb, KOOPAMHATHI LEHTPa TAXKECTU j-ro CTEPXHA apmatypbl K

HanpAaXeHne B HeEM,

190 - OTHOCUTEeNbHaA p,ecbopN\au,Mﬂ BOJIOKHa, PaCnosIoXKEHHOIo Ha nepecevyeHnn Bbl6paHHbIX oceM

(8 Touke 0);
Eb.

L

- OTHOCUTeNbHas aedopmauma 6eToHa OT AeMCTBUSA BHELWHEN HarpysKy;

&, - OTHOCUTENbHasA AePOPMALMA apMATYPbl OT LeNCTBUA BHELWHEN HarpysKu;

£, - OTHOCUTENbHas Aedopmauns NPeABapUTE/IbHOTO HANPSAXKEHUA apMaTypbl C y4eTom

OTHOCUTENbHbIX AedopMaLiMii NOTepb NpeaBapUTEIbHOIO HanpsaXKeHUs, OTBeYaloLLMX paccCMaTpUBaemMmomn
pacyeTHOW cTaguu;

1 1

-, - KPUBU3HA l'lpO,CI,OI'IbHOﬁ OC/1 B paccMmaTpuBaemMmom nonepevyHom cCe4yeHuUn 371eEMEHTa B

r, l"y



NAOCKOCTAX AelcTunaA usrnbawowmx momentos M u My,-
Eb - Haya/IbHbIM MOAY b YyNPYroctn 6eToHa;

Esj - MOAY/1b YNPYrOCTU j-TO CTEPKHA apMaTypbl;

Vi

1

- KO3pPULMEHT yNpyrocTn 6ETOHa i-ro y4acTKa;

Vg - KO3pPMUMNEHT yNPYrocTu j-ro CTEPKHS apmMmaTypbl.

KoadduumenTtor Vy,; 1 Vi, NpMHUMAIOT NO COOTBETCTBYIOLWMM AMAarpaMmam COCTOAHWA 6eToHa u
apmartypbl, YKasaHHbim B nn. 2.1.2.10, 2.2.2.7.

3HauveHuna koadpduumneHtos V,, V,, ONpefensior Kak COOTHOLIEHWe 3HAYEHWUI HanNpPAKeHUN m
aedbopmaumii  gaa  paccmaTpMBaeMbIX TOYEK COOTBETCTBYHOLWMX AMarpaMm COCTOAHWMA 6eToHa W

apmaTypbl, NPUHATBIX B pacyeTe, AeNeHHOe Ha Moay/b ynpyroctu 6etoHa E, (npu asyxaunHeiiHoil

Avarpamme CocToAHMA B6eToHa - Ha NpUBeAEeHHbIA Moaynb Aedopmamm Eh’,ed ) n apmatypbl E . Mpu

3TOM MCMNOJIb3YHOT 3aBUCMMOCTU "HanpsxkeHne-gedopmauma” (4) - (8), (13) u (16) Ha paccmaTpmnBaeMbIX
yyacTKax Anarpamm.

O,.
Vy = —2—,(58)
E.&,

O .
=——— (59)

V..
s E
sj (gS./ + gszz/

3.1.4.5. PacyeT HOpMasibHbIX CEYEHUI XKene3006eTOHHbIX 3/1IeEMEHTOB NO NPOYHOCTU NPOU3BOAAT U3
yCnoBuit

‘gb,max < Epule s (60)

g

§,max

S gs,ult ’ (61)

rae €, max - OTHOCMTeNbHas Aedopmauna Hanbonee CKATOro BONOKHA BETOHa B HOPMasbHOM
ceyeHuu;

€ max - OTHOCWTEsIbHaA aedopmauusa Hambonee PacTAHYTOro CTEPXKHA apMaTypbl B HOPMaibHOM
ceyeHuu;

€y uir -~ NPEAENIbHOE 3HaYeHNe OTHOCUTE/IbHOW Aedopmanum BeToHa Npu CKaTUK, NPUHUMaeMoe
COrNacHo ykasaHuam n. 3.1.4.6;

Es npegenbHoe 3HayeHWe OTHOCUTENbHOW gedopmaunn  yYAJAUHEHWS  apMaTypbl,
NPUHMMaeMoe COrnacHo yKkasanuam n. 3.1.4.6.

3.1.4.6. MpegenbHble 3Ha4eHUsA OTHOCUTENbHBIX Aedopmauunin 6eToHa &, ;, (&), ) NPUHUMEIOT
npu ABy3Ha4yHow sntope aedopmalmii (CxKaTue 1 pacTaxKeHne) B nonepeyHom ceveHnmn beToHa anemeHTa
(13rnb, BHeLLeHTPEHHOEe CXKaTue UM pacTAXKeHue C BONbLIMMK SKCLEHTPUCUTETAMM), paBHbIMU &, (
Eprz )-

Mpn BHEUEHTPEHHOM CXaTUW UM PACTANKEHWUU 3NeMEHTOB U pacnpegeneHun B nonepeyHom
ceyeHMn 6eToHa anemeHTa ,u,ecbopmau,mﬁ TOZIbKO O4HOTI0 3HAKa npeagesibHble 3Ha4eHUA OTHOCUTE/IbHbIX



Aedopmaunii 6etoHa &, ;, (€, 1 ) ONPEAENAIOT B 3aBMCMMOCTH OT COOTHOLWEHMA AedopmaLmit 6eToHa

Ha NPOTMBOMO/IOKHBIX FPAHAX CEYeHUA 31emeHTa & n &, (‘6‘2‘ > ‘81‘) no ¢opmynam:

&
Epur = 52— (&4 _gbo)g_; (62)
2

&
Eprutr = 2 (gbz - gbzo)g_ , (63)
2

rae .., Eppr Epp N Epp - AePOpPMaALMOHHBIE NapaMeTPbl pacyeTHbIX AuMarpamm COCTOAHMA
6etoHa (nn. 2.1.2.5, 2.1.2.11, 2.1.2.13, 2.1.2.14).

MpeaenbHoe 3Ha4YeHUe oTHoCUTebHOM aedopmaL MM apmaTypbl € NPUHUMAIOT PaBHbIM:

s,ult
0,025 - ONnAa apmaTtypbl C ¢M3MLIeCKMM npeaenom TEKyYeCcTu,
0,015 - ONA apmaTypbl C YCIOBHbIM Npeae/sIoOM TEKYHECTH.

3.1.5. PacuyeT npeaBapuTE/IbHO HaNPAMXKEHHbIX 3/1eMEHTOB
npv Ae’CTBMM NONepeyHbIX CU

Obuwue nonoxeHun

3.1.5.1. PacyeT MO MNPOYHOCTU KeNe30O0ETOHHbIX 3N1EMEHTOB NpU AEUCTBUW MOMEPEYHbIX CUN
NpPon3BOAAT Ha OCHOBE MOZE/N HAKJOHHbIX CEYEHU.

Mpw pacyeTe NO MoAENN HAaK/IOHHbIX CEYEHUIN A0/KHbI ObITb 06ecneyeHbl MPOYHOCTb 3/1I@MEHTA MO
nonoce mexxay Hak/OHHbIMU CEYEHUAMM N HAK/IOHHOMY CEYEHUIO HA AENCTBME NONEPEYHbIX CU, a TaKKe
NMPOYHOCTb MO HAKOHHOMY CEYEHUIO Ha AENCTBME MOMEHTA.

MpoYHOCTb MO HAK/NOHHOW MOJIOCE XapaKTepu3yeTcAa MAKCMMasbHbIM 3Ha4YeHWeM MonepeyHomn
CW/Ibl, KOTOpPOE MOXeT OblTb BOCMPUHATO HAK/JOHHOW MOJIOCOM, HaxoAAllencs noh BO3AENCTBUMEM
CKUMAOWMX YCUAUK BAOAb MNONAOCHI W PACTATMBAOWMX YCUAUK OT MOMepeyHol apmaTypsbl,
nepecekalllelrt HakNoHHY0 nonocy. MNpu 3Tom NpoyHocTb 6eToHa onpeaenAlT Mo CONPOTUBAEHUIO
6eToHa 0CeBOMY CXKAaTUIO C Y4ETOM BANAHUSA CIOKHOTO HAaNPAXEHHOro COCTOAHMUA B HAKNIOHHOM nosoce.

PacuyeT No HaKNOHHOMY CeYEeHMUIO Ha AeCTBME NonepeYHbIX CUA NPOU3BOAAT Ha OCHOBE YpaBHEHMUA
paBHOBECUSA BHELIHWX U BHYTPEHHMUX NOMNepeyYHbIX CUA, AeNCTBYIOWUX B HAaKNOHHOM CEYEHUN C AJINHOM
NPOeKUMM C Ha NPOAO/bHYIO OCb 31eMeHTa. BHyTpeHHME nonepeyHblie CUJIbl BKIOYAOT NOMNEPeYHyo
cuny, BOCMNPUHUMaemMyto 6ETOHOM B HAK/JIOHHOM CEYEHUMU, U MOMEePeYHyY CUy, BOCMPUHUMAEMYIO
nepecekaloleld HaKNOHHOEe ce4yeHMe monepeyHoM apmatypoi. [Mpu 3TOM nonepeyHble Cuibl,
BOCMNpMHMUMaemMble BETOHOM W MOMNEepPeYyHON apmaTypoi, onpeaenatoT No ConpoTUBNEHMAM BeToHa U
nonepeyHomn apmaTypbl PACTAKEHMIO C YH4ETOM AJ/IMHbI MPOEKLUU C HAKIOHHOIO CeYeHuUs.

PacyeT No HaKNOHHOMY CEYEHWUIO Ha OEeNCTBME MOMEHTa MNPOU3BOAAT Ha OCHOBE YpaBHEHMA
paBHOBECUSA MOMEHTOB OT BHELUHUX U BHYTPEHHUX CUJI, AEUCTBYIOWMX B HAKNOHHOM CEYEHUMU C AJIMHOM
NPOeKUMM C Ha NPOJONbHYIO OCb 3nemMeHTa. MOMEHTbl OT BHYTPEHHMX CU/1 BK/HOYAIOT MOMEHT,
BOCMPMHMMaEMbI MepeceKatow,en HakNoOHHOe ceveHne NPOAOJIbHOM PACcTAHYTOM apMaTypoit, U MOMEHT,
BOCMPUHMMAEMBbIN NepeceKalollen HakIoOHHOE ceYeHme NonepeyYHor apmaTtypoi. Mpu aTOM MOMEHTbI,
BOCMNPMHMMaeMble MNPOAOJIbHOM WM NONEepPeyHoi apmaTypoil, OnpesensAtoT Mo COMNPOTUBAEHUAM
NPOAO/IbHOM N NonepeYHon apmaTypbl PACTAXKEHMUIO C YY4ETOM AJIMHbI NPOEKLNM C HAK/IOHHOTO CEeYEHMUS.

PacyeT kene306eTOHHbIX 3/1IEMEHTOB MO noJioce
meXxXay Hak/IOHHbIMU ced4eHNAMU

3.1.5.2. PacyeT npeaBapuUTENIbHO HAMNPAMKEHHbIX 3/IEMEHTOB MO OETOHHOM nonoce Mexay
HAKNOHHbIMMW CEYEHUAMU NPOU3BOAAT M3 YCNOBUA
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roe Q - nonepe4vyHaa cnia B HOpMaJibHOM Ce4YeHUU 31eMeHTa;

@1 - KO3OPUUMEHT, NPUHUMaEMbIA paBHbim 0,3.

PacuyeT »kene306eTOHHbIX 3/IEMEHTOB MO HaK/IOHHbIM CEYEHUAM
Ha LI,EVICTBME nonepeyvyHbiX cun

3.1.5.3. PacueT npeaBapuUTENbHO HANPAMKEHHbIX U3rMbaeMbIX 31€MEHTOB MO HAaK/IOHHOMY CEYEHUIO
(prcyHOK 7) npoun3BOAAT U3 YCA0BUSA

0<0,+0,,,(65)

roe Q - nonepeyHas Cuaa B HAK/JIOHHOM CEYEHWWU C ASIMHOM MPOEKUUWU C Ha MPOAO0/bHYH OCb
aNemeHTa, onpegensemas OT BCEX BHEWHUX CW/, pPaCMONOXKEHHbIX MO OAHY CTOPOHY OT
PaccMaTPMBAEMOTrO HAK/JOHHOIO CeYeHWs; MpPW 3TOM Y4YMTbIBAIOT HamMbonee omacHoe 3arpy)KeHue B
npeaenax HaKNOHHOTO CeYeHUs;

Qb - nonepevyHaa chna, BOCNpuHMmaemasn 6eTOHOM B HaK/IOHHOM cevyeHwuu;

st - nonepeyHana cnaa, BOCNpnHMMaemasn nonepequVl apmaTypoﬁ B HAK/IOHHOM CeYeHuUMn.

D

c

PucyHoK 7. Cxema ycuauii npu pacyete narnbaembix
npeasapuTebHO HanpPAKEHHbIX 3/1eMEHTOB
MO HaKNOHHOMY CEYEHUIO Ha AeNCTBME NOMepPeYHbIX CUA

Monepeunyto cuny O, onpegenstoT no popmyne

_ 2R, D1,
c

0, , (66)
HO NpuHMMaloT He 6onee 2,5 R, bl v ve menee 0,5 R, bh ;
@y - KO3OPUUMEHT, TPUHMMaEMbIA paBHbIm 1,5.

JonyckaeTca 3HayeHune Qb onpeaensaTb C y4EeTOM BAUAHUA YCUANA NpesBapuTeibHoro obxkaTtua P



Hanpsraemoi apmaTypoMn.

Ycunue st ANA nonepeyHon apmaTypbl, HOPMasbHOM K NPOAO/IbHOM OCU 3/1EMEHTA, ONpPeaenatoT
no popmyne

st = squwc 4 (67)

roe @, - KoadduumeHT, npuHMMaemblii pasHbim 0,75;

q,, - ycvave B nonepeyvHol apmaType Ha eAuHULLY ANHbI SN1eMeHTa

R A,
——.(68)
S

w

qSW =

PacueT Npouv3BOAAT AN PAAA PACNONONKEHHbIX MO ANMHE 3/1EMEHTA HAKNOHHbIX CeYeHuli npwu
Hanbonee onacHoW A/ MHE NPOEKLMU HAKNOHHOro ceyeHus c. Mpu aTom gavHy c B dopmyne (67)

npunumatort He 6onee 2,04, .

[onyckaetca NpoM3BOAUTb PacyeT HAKNOHHbIX CeYeHU, He PacCMaTpMBas HaK/IOHHble cevyeHus
npv onpeaeneHnn NonepeyHon Cubl OT BHELIHEN Harpy3Ku, 13 ycaosua

Ql < le + st,lr (69)

rae O, - nonepeyHas cuna B HOPMaNbHOM CEHEHUM OT BHELUHeN Harpy3Ky;
0,, =0,5R, bh_; (70)

st,l = qswho . (71)

Mpu pacnonoxeHun HoOpMasibHOro ce4eHmsA, B KOTOPOM YYUTbIBAIOT NONEPEYHYo CUy Ql, B6M3N
Onopbl Ha paccToAHUM a MeHee 2,5 ho pacuyeT 13 ycnosus (69) nponsBoaAT, yMHOXKaA 3HauyeHun le,
2,5
alh

[

onpepensemble no popmysne (70), Ha KO3POULMEHT, PaBHbIN , HO NPUHUMAIOT 3HaveHne O, He

6onee 2,5 R, bh, .
Mpu PacnonoKeHWN HOPMaNbHOTO CeveHUs, B KOTOPOM yuuTbiBatoT nonepedtyto cuny O, Ha
paccTosHWM a MeHee /1, pacueT u3 ycnosus (69) Npon3soaaT, ymHoxan sHauenne O, |, onpeaensemoe

no ¢opmyne (71), Ha KO3PPULMEHT, paBHbIA a/ ho .

MonepeyHyto apmaTypy Y4MTbIBAlOT B pacyeTe, eciin cobaroaaeTcs ycnosue
q,, >=025R,b.

MO3KHO y4MTbIBaTb MONEPEYHYIO apMaTypy M MPU HEBbLINOSHEHUM 3TOrO YCN0BMA, ECAN B YCOBUU
(65) npuHMMmaTb

Qb = 4¢b2h02qsw /C '



w

h

o

LLlar nonepe4Hoi apmaTypsbl, y4UTbIBAEMOM B pacyeTe, [OMKeH bbITb He 60/blUe 3HAYeHUn

SWYmaX _ Rbtbho

h, 0

Mpy OTCYTCTBMM MOMNEPEYHON apmaTypbl UM HAPYLUEHWW yKa3aHHbIX Bbile TpeboBaHUIN pacyeT
npounsBoanT M3 ycnosua (65) nnm (69), npuHUMas ycunme st nnu stl pPaBHbIM HY/HO.

MonepeyHas apmaTypa 40/KHA OTBEYATb KOHCTPYKTUBHbBIM TpeboBaHUAM, NpuseaeHHbIiM B CI 52-
101.

Pacuert kenie306eTOHHbIX 3/1IEMEHTOB MO HAaKNOHHbIM CEYEHUAM
Ha AEVICTBMG MOMEHTOB

3.1.5.4. PacueT npesBapuUTeNbHO HANPAXKEHHbIX 3/1EMEHTOB NO HAaK/OHHbIM CEYEHUAM Ha AeNCTBHE
MOMEHTOB (PUCYHOK 8) NPOM3BOAAT M3 YCA0BUA

M<M +M,_,(72)

sw’

rae M - MOMEHT B HaKNIOHHOM CeYeHUun ¢ AIIMHOI;I npoexkunn ¢ Ha NpoaosibHYHO OCb 3/1EMEHTA,
OﬂpE,ﬂ,Eﬂﬂ@Mblm OT BCEX BHEWHWUX CUA, PacnosioKEHHbIX NO OA4HY CTOPOHY OT pacCMaTpuBaemoro
HAK/IOHHOro ce4yeHnA, OTHOCUTE/IbHO KOHLUA HAaK/IOHHOTO CcevYeHuna (TO‘-IKa 0), NPOTUBONOIOKHOIO KOHLUY,
Y KOTOPOro pacnosaraetca npoBepAeman nponosibHaa apmaTtypa, UCNbITbiBalOWaAA pPacTAXXeHune oT
MOMEHTa B HAaK/IOHHOM Ce4YeHun; nNpu 3TOM Yy4YUTbIBAOT Hanbonee onacHoe 3arpy»xeHue B npegenax
HaK/TIOHHOIO cevyeHuA,

MS - MOMEHT, BOCMPUHUMAEMbI NPOAO/IbHON apMaTypoi, NepeceKatoleir HakJIOHHOe cevyeHune,

OTHOCMTENbHO NPOTUBOMNONOMKHOIO KOHLLA HaKIOHHOro ceyeHus (Touka 0);
M ,, - momeHT, BOCMpMHMMaeMmblii nonepeyHol apMaTypoii, NepeceKatoLeli HakIOHHOE CedeHme,

OTHOCUTENIbHO NPOTUBOMO/IOXKHOIO KOHUA HAK/TOHHOIo ce4YyeHnaA (TO‘-IKa 0).






PucyHok 8. Cxema ycunumim npu pacdete
nsrnbaembix NpeaBapuUTENbHO HaNPAKEHHbIX 31EMEHTOB
MO HAK/JIOHHOMY CEYEHMIO Ha AeCTBME MOMEHTOB

Moment M . onpegensiot no popmyne

M _ =N_z_,(73)

B oduumanbHOM TeKCcTe AOKYMEHTa, BMAMMO, AOMyLLeHa oneyaTka: NyHKT 5.3.4 oTcyTcTByeT.
BO3MOXKHO, meeTca B BUAY NYHKT 5.3.3.

roe NS - ycuaune B NPoAo/bHON PacTAHYTOW apmaType, NPMHMMaeMOoe PaBHbIM RSAS, a B 30He
aHKEepPOBKM - onpeaensemoe cornacHo n. 5.3.4;

Z, - nneyo BHyTPeHHel napbl cun; gonyckaetca npuumumats Z, = 0,97, .

Moment M pns nonepeuHoit apmaTypbl, HOPManbHOW K MPOAONLHON OCM 3NEeMeHTa,
onpeaenaoT no ¢opmyne

M, =0,50, c,(74)

roe st - ycunuve B nonepeyHon apmatype, NpHMMaeMoe paBHbIM ¢, C;

q,, -onpeaenaoT no dopmyne (68), a c npuHMMmaloT B npegenax ot 1,0 ho no 2,0 ho .

PacueT Npou3BOAAT ONA HAKNOHHbLIX CEYEHWI, PACMONOMKEHHbIX MO AJWHE 3/eMeHTa Ha ero
KOHLIEBbIX y4yacTKax M B MecTax 06pbiBa MPOAOAbHOW apmaTypbl, Npu Haubosee onacHoW A/MHe
NPOEKUMMN HAKNOHHOIO CeYEHUA C, NPUHMMAEMOM B YKa3aHHbIX Bbille Npeaenax.

JonyckaeTtca Npou3BOAWUTb PACcYeT HAK/IOHHbIX CeYEHMI, NPUHNMAA B YCNOBMM (72) MOMEHT M B

HAaK/IOHHOM CcedYeHUn npu annHe npoexkunn ¢ Ha Npoao/ibHYHO OCb 3/1EMEHTAQ, paBHOlZ 2,0 ho , @ MOMEHT

2
M, -pasuem 0,549, 7 .

MpyY OTCYTCTBUM NONEPEYHON apMaTypbl PacyeT HaKMOHHbIX CEYEHMIT MPOU3BOAAT U3 ycnosus (72),
NPUHUMAA MOMEHT M B HaK/JIOHHOM CEYEHUU NPU AJNHE NPOEKUUN C HA MPOAO/bHYIO OCb 3/IEMEHT],

pasHoi 2,0 /1, , a moment M, - pasHbIM Ryt

4. PacyeT npeaBapuUTeNbHO HANPAXKEHHbIX 3/1eMEHTOB
KenesobeToHHbIX KOHCTPYKLMI Mo NpeaenbHbIM COCTOAHUAM
BTOPOW rpynnbi

4.1. Obwwme NoNoKeHns

4.1.1. PacyeTbl No NpeAenbHbIM COCTOSIHUAM BTOPOW PYMMbl BKAKYAIOT:

- pacyeT No PACKPbLITUIO TPELLUUH;

- pacyeT no aedopmaumam.

4.1.2. Pacyet no o6pa3oBaHMIO TPELWMH NPOM3BOAAT A/1A NPOBEPKM HEOOXOAMMOCTUN pacyeTa no
PacKpbITUIO TPELWMH, a TaKXe A/1a MNPOBEepKU HeobxoAMmOoCTM yyeTa TpPewuH npu pacdete no
aedbopmaumsam.

TpeboBaHMA MO OTCYTCTBMIO TPEWMH NpeabsaBAAOT K MNpeaBapuTesibHO  HaMpPAMKEHHbIM
KOHCTPYKUMAM, Y KOTOPbIX MPW MOJHOCTbIO pPacCTAHYTOM Ce4YeHMU [oaKHa bObiTb obecneyeHa
HENPOHNLAEMOCTb (HaXOAALLIMXCA NOA AaBNEHUEM KUAKOCTU UM ra30B, UCMbITbIBAIOWMX BO3AENCTBME
paavaummn 1 T.n.), K YHUKaNbHbIM KOHCTPYKLUMAM, a TaK¥e K KOHCTPYKUMSAM Npu BO34ENCTBUM CUIbHO



arpeccusHoOM cpeapbl.

4.1.3. Mpwn pacyeTe No npeaesbHbIM COCTOAHMAM BTOPOM TpPyMMbl Harpy3kM MNPUHMMAIOT C
KO3pPMUMEHTOM HaZEKHOCTU NO Harpyske ]/f =1,0.

4.1.4. PacuyeT wu3rmbaembix MpPeABapuUTENIbHO HaMPAXEHHbIX 3J/IEMEHTOB MO npeae/bHbIM
COCTOAAHMAM BTOPOW Fpynmnbl NPOU3BOAAT KaK NPU BHELEHTPEHHOM C)KaTWM Ha COBMECTHOe AelcTBue

YCUAWNIA OT BHELHEM Harpy3kn M 1 npoaoibHOM Cunbl Np , PaBHOW yCUANIO NpeaBapuTebHOro 063KaTus

P.

4.2. PacyeT npeaBapuTE/IbHO HaNPSAXKEHHbIX
KenesobeToHHbIX 3/1EMEHTOB NO PACKPbLITUIO TPELLMH

4.2.1. O6bwme nonoxKeHmn

4.2.1.1. PacyeT npeaBapuUTeIbHO HaMNPAXKEHHbIX U3rMbaemMblX 3/16MEHTOB MO PACKPbITUIO TPeLMH
NPou3BOAAT B TEX Cy4asnx, Korga cobaopaertca ycnosme

M >M_ ., (75)

crc?

roe M - n3rnbaroLmnini MOMEHT OT BHELUHEN HarpysKu;

Mm - un3rnbalowWmim MOMEHT, BOCMPUHMMAEMbIA HOPMA/IbHbIM CEYEHWEM 3S/EeMeHTa Mpu

06pasoBaHUM TPELUH, onpeaensemblii cornacHo n. 4.2.2,
ONa LEeHTPaNbHO PacTAHYTbIX 3/IEMEHTOB LWWPUHY PaACKPbLITUA TPELWMH OonpeaensatoT npu

cobntopeHnn ycnosus

N>N_._,(76)
rae N - npoao/sibHoe pactarnBarowiee ycuame ot BHeLHeMn HArpysku;
Ncrc - NPoAo/sibHOE pactarnsarouwee ycmname, BOCNPUHUMaeEMOeE 3JIEMEHTOM MpPU 06pa3OBaHMM
TPeLLuH.

4.2.1.2. PacuyeT Kene30b6ETOHHbIX 3/IEMEHTOB MPOM3BOAAT MO HEMnpoAo/KUTENIbHOMY U
NPOAOIKUTENBHOMY PACKPbLITUIO TPELLUH.

HenpoaonkutenoHoe packpbiTUe TPELMH ONpesensatoT OT COBMECTHOMO AeNCTBMA NMOCTOAHHbIX U
BPEeMEeHHbIX (AUTENbHbIX U KPaTKOBPEMEHHbIX) Harpy3oK, NpoAo/IKUTEe/IbHOE - TO/IbKO OT NMOCTOAHHbIX U
BPEMEHHbIX ANTeNbHbIX Harpy3ok (n. 1.2.4).

4.2.1.3. PacyeT No pacKpbITUIO TPELLMH NPON3BOAAT U3 YCNOBUA

a (77)

<
cre — acrc,ult ’

rae am, - WMPWUHa pacKpbITUA TPELWNH OT ,D,EVICTBMH BHELHEN HArpysku, onpegenaemasn cornacHo

nn.4.2.1.4n4.2.3;
a - NpeAenbHO A0NYCTUMAA LWNPUHA PACKPLITUA TPELLMH.

cre,ult
3HayeHun acrc’ult APUHUMAIOT PaBHbIMMU:

a) n3 ycnosua obecneyeHma COXPaHHOCTM apMaTypbl:
- Knaccos A240 - A600, B500:

0,3 MM - MPY NPOAOIKUTENBHOM PACKPbITUM TPELLMH;

0,4 MM - NPU HEMPOLOIKUTENBHOM PACKPbITUN TPELLUH;

- knaccos A800, A1000, a Takxe Bp1200 - Bp1400, K1400, K1500 (K-19) n K1500 (K-7) anametpom

12 mm:
0,2 MM - NPY NPOAOIHKUTENBHOM PACKPbITUN TPELLUNH;



0,3 MM - NpY HENPOAO/IKUTENBHOM PACKPbITUN TPELLMH;

- Knaccos Bp1500, K1500 (K-7) guameTpom 6 1 9 mm:

0,1 MM - NpY NPOAOMKUTENBHOM PACKPLITUM TPELLMH;

0,2 MM - NPY HENPOAO/IKUTENBHOM PACKPbLITUN TPELLMH;

6) U3 ycnoBms orpaHMYEeHUA NPOHNLLAEMOCTU KOHCTPYKLMIA:
0,2 MM - NpY NPOAOIKUTENBHOM PACKPLITUM TPELLMH;

0,3 MM - NpY HENPOAO/IKUTENBHOM PACKPbITUN TPELIMH.

4.2.1.4. WnpnHy pacKkpbITUA TpewuH d,. ONpeaenalT, UCXOAA M3 B3aMMHbIX CMeLLeHUN

re
pacTaHyTOM apmaTypbl U 6eToHa No 06e CTOPOHbI TPELMHbI HAa YPOBHE OCM apMaTypbl, U MPUHUMAIOT:
- NPY NPOAOIKUTENBHOM PACKPLITUK

a,.=da,.;(78)

C cre,l 7’
- Npn HENPOAONKUTENBHOM PACKPbLITUN

a.  =da

cre cre,l

+ acrc,Z - acrc,3 ’ (79)

roe a WKWPUHA PaCKPbITUA TPewMH OT MNPOAO/IKUTENbHOTO AEeNCTBUA MOCTOSHHbIX W

cre,l
BpeMeHHbIX ONNUTEeNIbHbIX Harpysok;

a - WMPWUHa PaCKPbITUA TPELWNH OT HEMPOAO/IKUTENBHOTIO ,ﬂ,eﬁCTBMﬂ NOCTOAHHbIX N BPEMEHHDbIX

cre,2
(DNUTEeNbHBIX U KPaTKOBPEMEHHDbIX) Harpy3ok;

a - LUMPUHA PaCKPbITUA TPELLMH OT HEMPOAO/MKUTENIbHOTO AECTBUS MOCTOAHHBIX U BPEMEHHbIX

cre,3

ANNTENBbHbLIX HAarpy3okK.

4.2.2. OnpeaeneHme momeHTa 06pa3oBaHMA TPELUH,
HOPMA/IbHbIX K NPOA0SbHON OCU 31eMeHTa

4.2.2.1. 3rnbatowmn MOMEHT Mc npu obpa3oBaHUM TPELMH MOXKHO ONpPeaenaTb COrnacHo M.

re
4.2.2.2 nan no gedopmaLMOHHON mogenm cornacHo n. 4.2.2.7.

4.2.2.2. OnpegeneHne MoOMeHTa 00pasoBaHMA TPewWwMWH MPOM3BOAAT C YYETOM Heynpyrux
aedopmaumii pactaHyToro 6eToHa cornacHo n. 4.2.2.3.

JonyckaeTca MoOMeHT obpasoBaHuA TpewuH onpenenatb 6e3 yyeta Heynpyrux gedopmaumii
pacTaHyToro 6etoHa no n. 4.2.2.4. Ecan npu atom ycnosus (77) un (97) He yaoBNeTBOPAOTCA, TO MOMEHT
06pa30BaHUA TPELUMH CneayeT onpeaensaTb C y4eToM Heynpyrnx Aebopmaumin pactaHyToro 6etoHa.

4.2.2.3. MomMeHT 06pa3oBaHNs TPELWMH C yYEeTOM Heynpyrnx aebopmaunin pactaHyToro 6etoHa
onpeaenstoT C YYETOM CAeAyoWMX NONOKEHUN:

- ceyeHus nocne AeGopMMPOBAHNS OCTAIOTCA NAOCKUMMU;

- 3NIOPY HANPAXKEHUN B CHKATOW 30HE HETOHA NPUHMMAIOT TPeyroibHOW GopPMbl Kak gns ynpyroro
Tena;

- JMNOPY HaNpsXeHui B pPaCTAHYTOM 30He OeToHa NpUMHUMAOT TpaneuuveBUMAHOM ¢opmbl C

HanpAaXeHnAMu, He NpesBblIWaloWMMN PACYETHbIX 3HaYeHUM conpoTtuneBneHnA 6eToHa pacTaxXeHuto Rb

t,ser

;
- OTHOCUTENLHYIO AedOPMALMIO KpallHEro pacTAHYTOro BOJIOKHa 6eToHa NPUHMMALOT paBHOM ee

npeaesbHOMY 3HayeHWo &y, NPU  KPaTKOBPEMEHHOM aencteumn  Harpyskm (n. 3.1.4.6); npu

ABYX3Ha4yHOM 3ntope Aedopmauuii B cedeHun anementa &, , = 0,00015;

- HaNpAXeHWA B apmaType NPMHUMALOT B 3aBMCMMOCTM OT OTHOCUTE/IbHBIX Aedopmauunii Kak ana
ynpyroro tena.
4.2.2.4. MomeHT 06pa3oBaHUA TPELUMH NpesBapUTEIbHO HAMPAXKEHHbIX M3rMbaemblix 31eMEHTOB



6e3 yyeTa Heynpyrmux Aedpopmaumin pacTaHyTOro 6eToHa onpeaenatoT Kak 41 CNAOWHOro ynpyroro Tesa
no popmyne

M, =R, W<tPe,,(80)

cre T Vbt,ser

roe W - MOMEHT CONpPOTUBNEHUA NMPUBEAEHHOIO CEYEHMNA ANA KPalHEro pacTAHYTOro BOJIOKHA;

€,, =€, T 1 - pacctonHue OT TOYKM MPUIOKEHUA YCUAUsA NpeABapuTensHoro obxatus P ao
AOPOBON TOYKM, Hambonee yAaNEHHOM OT pPaCTAHYTOM 30HbI, TpPelmMHoobpasoBaHMe KOTOpPOW
nposepseTcs;

€,, - TO XKe, O LeHTPa TAXKECTUN NPUBEAEHHOTO CEeYeHUs;

I - PacCTOAHME OT LEHTPA TAXKECTU NPUBELAEHHOIO CeYEHMA A0 AAPOBON TOUKMU.

B dopmyne (80) 3HaK "+" npuHMMALOT, KOrga HanpaBeHUs BPaLeHNA MOMEHTOB Peﬂp W BHELLHEero
nsrmbatolLero momeHTa M NpoTMBONONOXKHbI; "-" - KOrga Hanpas/ieHUsA COBNAAAtoT.

3nauenus W u r onpepgensiot cornacHo n. 4.2.2.5.

4.2.2.5. MomeHT conpotusnenna W u paccToaHMe OT LEHTpa TAXKECTU MPUBEAEHHOrO
nonepeyHoro ceyeHns 40 AAPOBOIM TOUKM I ONPeaenstoT no popmynam:

1

W ===, (81)
Vi

WU .
Ared ’( )

rae Ired - MOMEHT UHepunn npuBegeHHOro nonepevyHoro ce4eHnAa OTHOCUTENIbHO €ro LeHTpa

TAXeCTU.
I,=1+1a+I1a; @83
Ared - naowadb npuBeaeHHOro nonepeyHoOro ce4yeHnAa anemeHTa
A,=A+Aa+ A;a ; (84)

Q - KO3pDMUMEHT NpuUBeAEHMA apmaTypbl K 6eToHy

A, AS, AS - NAoWaab MNOmMepeyHoro CevyeHua COOTBETCTBEHHO 6eToHa, PacTAHYTOW U CKaToM
apmaTypbl;

Y, - paccToaHue oT Hanbonee pacTAHYTOro BOJIOKHA 6ETOHA A0 LLeHTpa TAXKECTU NpuBeAeHHOro
MonepeyHoro ceYeHms snemeHTa

t,red

yt = 1(85)

red



34€ecCb St,red - CTAaTUYECKUIN MOMEHT naowaan npueeaeHHOro nonepevyHoro ce4yeHnAa anieMeHTa

OTHOCUTENbHO Hanbosee PacTAHYTOro BOIOKHa 6eToHa.
Jonyckaetca momeHT conpoTueneHus W onpegenatb 6e3 yyeta apmaTypsl.

B aTom cnyyae 3HayeHus IS , ISI , AS , ASI B dopmynax (83) u (84) NpuHMMAIOT PaBHbIMU HYJIIO.

Ona n3rmbaembix 31€MEHTOB MPSAMOYrO/IbHOMO CeYeHWA MOMEHT conpoTtueneHus W 6es3 yuyeta
apmartypsbl onpezensatoT no popmyne

bh?
W=—"
5 (86)

4.2.2.6. Ycunnune Nm, npu o6pa3’oBaHUM TPEWUH B LEHTPASbHO PaCTAHYTbIX 3/1EMEHTax
onpegensoT no popmyne

N = A det,ser' (87)

cre re

4.2.2.7. OnpegeneHne momeHTa 0b6pa3oBaHUA TPELLMH Ha OCHOBE HeNNHEeHOM AedopMaLMOHHOM
MOZEeNN NPOU3BOAAT UCXOLA M3 OBOLMX NONOKEHUN, NpuBeaeHHbIX B nn. 2.1.2.15 n 3.1.4, Ho ¢ yyeTom
paboTbl 6eTOHa B PacTAHYTON 30HE HOPMAJIbHOFO CeYeHus, onpeaensaemon AMarpaMmon COCTOSIHUA
pacTaHyToro 6etoHa cornacHo n. 2.1.2.13. PacyeTHble XapaKTEpPUCTUKM MaTepuanosB NPUHUMAKOT 4AA
npeaenbHbIX COCTOAHUI BTOPOM rpynnbl.

3HayeHune Mcr

. ONpefenAloT U3 pelleHna CUCTeMbl YpaBHEHWI, npeacTaBneHHbiX B n. 3.1.4,
NPUHUMAn OTHOCUTENbHYIO Aedopmaumnio 6eToHa &, ., Y PACTAHYTON rPaHU 3/1eMeHTa OT AenCTBuA
BHELWLIHEM HarpyskM pPaBHOM NpenesibHOMY 3HA4YeHUI0 OTHocuTenbHOW aedopmaumm 6eToHa npwu

pacTaxeHun &, , ONpesensaeMoMy COrnacHo ykasaHvam n. 3.1.4.6.

4.2.3. PacyeT WUMPUHbI PACKPbITUA TPELLMH,
HOPMa/IbHbIX K NPOA0/IbHOM OCU 31eMeHTa

4.2.3.1. lUnpunHYy packpbITUs HOPMa/bHbIX TPELLMH onpeaensaoT no popmyne

o
E

N

acrc = ¢1¢2¢3W§ ls ’ (88)

rae O, - HanpsXXeHue B MPOAOAbHOM PacTAHYTON apMaType B HOPMa/IbHOM CEYEHUM C TPELLMHON
OT COOTBETCTBYIOLLEN BHELIHEN Harpy3Ku, onpeaenaemoe cornacHo n. 4.2.3.2;

ZS - basoBoe (6e3 yyeTa BAMAHUA BUAA NOBEPXHOCTV apMaTypbl) PACCTOSTHUE MEXKLY CMEMKHbIMU
HOPMa/IbHbIMW TPELLMHAMU;

YV, - KO3OPUUMEHT, YyuuTbIBAIOWMIA HepaBHOMEPHOe pacnpefesieHne  OTHOCUTE/bHbIX
AedopmaLin pacTAHYTON apmaTypbl MeXay TPelmnHamm; AonycKkaeTca NPUHMMaTh KoabduumeHT ¥, =

1; ecnn npu sTom ycnosue (77) He yaosieTsopsAeTcs, 3HavyeHne I/ cnegyeT onpegenatb no popmyne
(96);
@, - KO3OPULMEHT, YUMTbIBAIOWMIA MPOAOMKUTENBHOCTL AENCTBUA HArpysKu, NPUHUMaeMbl

paBHbIM:
1,0 - npn HENPOAOMIKUTENBHOM LENCTBUM HArPY3KY;
1,4 - npy NPOAOIKUTE/IBHOM AENCTBUN HArPy3Ku;



@, - K03DOULMEHT, yunUTbIBAOLLMI NPOGUAL NPOLONLHOM apMATYPbI, MPUHUMAEMBIN PaBHbIM:

0,5 - ana apmaTtypbl NepmoamMyYeckoro npoduna n KaHaTHOM;
0,8 - ana rnagkoi apmaTypsbl (knacca A240);

@3 - KO3DOULMEHT, YUUTLIBAIOLLMIA XapaKTep HarpyKeHUs, NPUHUMAEMbI PaBHbIM:

1,0 - ANA 3neMEHTOB U3rMbaembIX U BHELLEHTPEHHO CXKATbIX;
1,2 - onA pacTAHYTbIX 3/IEMEHTOB.
4.2.3.2. 3HavyeHua HanpsxeHun O B pacTAHyTOW apmaType wu3rmbaembix npenBapuTENbHO

HanpAMKeHHbIX 3/1IEMEHTOB OT BHELIHEe Harpy3Kku onpeaenatoT no popmyne

M=) N,
s - ] A 31,(89)
red

red

rae ]red , A d yc - MOMEHT MHepLUUn, naowanb npnBegeHHOro nonepeyHoro ce4yeHnAa aNemMeHTa

re
M paccTosHMe OT Hambosiee CXKATOrO BOMOKHA A0 UEHTpa TAXECTU NPUBEAEHHOro CeyeHus,
onpeaensemble C y4eTOM M/IOWAAM CEYEHUA TO/IbKO CXKAaTOW 30HbI GeToHa, N/owWadeln cevyeHun
PaCTAHYTOM K CXKATOM apmaTypbl cornacHo n. 4.3.3.5, NpUHMMas B COOTBETCTBYIOLLMX GOPMYAax 3HaYeHMA

KoadpduumeHTa NnpuseaeHUa apmaTypbl K 6eToHy &, = O ;
Np - ycunue npegsapuTenbHoro obxkatua (n. 4.1.4);

Mp - VI3FVI6aPOLLI,M[;I MOMEHT OT BHELUHEeN Harpyskm un ycumama npeaBaputesibHoOro O6)+(aTVIF|,

onpeaensemblii no popmyne

0,

M,=M%N,e,,(0)

rge eop - PaCCToOAHME OT TOYKUN NPUNOKEHUA YCUTNA NpeaBapuUTe/ZIbHOIo obrKaTns Np A0 UeHTpa

TAXECTU NPUBEAEHHOTO CeYEHMA.
3HakK "-" B dopmyne (90) NpMHUMALIOT, KOrAa HanpasaeHUA BpaLleHnit momeHTos M 1 Npeop He

coBnagatoT, n "+" - Korga cosnaaator.
3HauyeHune KosdduumeHTa npnsegeHnA apmaTypbl K 6eToHy O onpeaensatoT no popmyne

ES
Og=——,(9)
b,red

roe Eb'red - NpuBeAEHHbIN Moaynb Aedopmaumn cxKatoro 6eToHa, y4MTbIBaOWMIA Heynpyrue

Aedopmaumm cxkaToro 6eToHa 1 onpeaensemoiii no popmyne

OTHOcuTenbHyto Aedpopmauuio 6eToHa &y ., NPUHMMALOT pasHoit 0,0015.

[onyckaeTca HanpsxeHne O onpefenaTtb no popmyne



__M-N,(-e)

s A ,(93)

rae z - PacCToAHME OT LLeHTPa TAXKECTM apMaTypbl, PaCNONOXKEHHOM B pacTAHYTOMN 30He ceYeHus, Ao
TOYKM NMPUNONKEHUA PABHOAENCTBYIOLLEN YCUIUIA B CKATOM 30HE 3/1IEMEHTA;

€,, - PAcCTOAHWE OT LLeHTPa TAXKECTM TOVA Ke APMATYPbl 4,0 TOUKM MPUIIOKEHNS YCUNNA Np .

[Nna anemeHTOB NPAMOYro/IbHOTO NMONEPeYHOro ceYeHUs NpPu oTCyTCTBMM (MaKn 6e3 yyeTa) crKaTow
apmMartypbl 3Ha4YeHWe z onpeaensatoT no hopmyne

X
_p
=, 3 , (94)

rae Xy - BbiCOTa CXKaToW 30HbI, onpegenaeman cornacHo n. 4.3.3.6 ¢ y4eTom BAMAHMA ycunua
npenBapuTeNbHOro 06XaTtma Np .
[na snemeHTOB NPAMOYro/sbHOrO, TaBPOBOrO (C MOJKOM B CXATOM 30HE) M [ABYTaBPOBOro

nonepevyHoro ce4yeHnAa AOoNyCKaeTCAa 3Ha4YeHne Z NPpUHMMaTb paBHbIM 0, 7ho .

HanpsxeHnua O, onpegensemble no dopmynam (89) u (93), He [OMKHbI NpeBbiWaTb
(Rs,ser - Gsp) .

4.2.3.3. 3HauyeHns 6a30BOro PacCTOAHUA MeXay TpelnHamu ls onpeaenatoT no popmyse

A
[ =0,5-2d (9
s VS (95)

S

M MPUHMMAIOT He MeHee 10 ds n 10 cm 1 He bonee 40 ds n 40 cm (ans anemeHTOB C pabouei
BbICOTOI NoNepeyHoro ceyeHun He 6onee 1 m).

3pecb Ab[ - NoWaab CeYEeHNN PacTAHYToro 6eToHa;

AS - NJoWaAb CeYeHMAa pacTaHYTON apmaTypbl;

ds - HOMMHa/IbHbIN gMaMeTP apmMaTypbl.

3HayeHusA Abt BbIYMCAAIOT COrIACHO YKasaHuAaM n. 4.2.2 n3 pacyeTta no 06pa3oBaHNUIO TPELLUH.

B ntobom cnyyae 3HaueHue Abt NPUHUMAIOT PaBHbIM NAOLLAAM CEYEHUA NPU €€ BbICOTE B Npeaesiax
He meHee 2a 1 He 6onee 0,5h.

4.2.3.4. 3HaveHuna koadpoduumerta I/ onpegenatot no popmyne

(o)
s,cre
w, =1-0,8—=—,(96)
GS
rae O .. -HanpsXeHve B NPOA0/IbHOW PACTAHYTOM apMaType B Ce4eHUM C TPELMHOM cpasy noce
0bpa3oBaHMA HOPMas/ibHbIX TpPEelWWH, onpegensemoe Mo YykasaHuam n. 4.2.3.2, npuHUmas B

cooTseTcTBylOWMX dopmynax sHauenna M =M ;

cre?

O, - TO e, Npu AeiCTBUM pacCMaTPUBAEMON HarpysKu.

4.3. PacyeT npeaBapuTE/IbHO HaNPsAXKEeHHbIX



»ene3obeToHHbIX 31eMeHTOB No gedopmaumsam
4.3.1. ObwMme nonoxKeHns

4.3.1.1. PacyeT npenBapuTe/ibHO HaMpPAXEHHbIX 3/IeMeHTOB No gedopmaumam NPou3BOJAT C
YYETOM 3KCMYaTALUMOHHbIX TPEBOBaHWUMI, NPeabABAAEMbIX K KOHCTPYKLMUAM.

Pacuet no aedopmaumam cnenyet Npou3BOAUTb HA AeNcTBME:

NOCTOAHHbIX, BPEMEHHbIX AAUTENbHbIX W KPAaTKOBPEMEHHbIX HarpysoK npu orpaHuyeHum
aedopmaLmii TEXHOOFMYECKMMM NN KOHCTPYKTUBHbIMW TpeboBaHUAMU;

NMOCTOSAHHbIX M BPEMEHHbIX AJUTE/IbHbIX HAarpy30K Npu orpaHnyeHmmn gedopmaumnii sCTeTUYECKUMMU
TpeboBaHMAMM.

4.3.1.2. 3HayeHnA npenenbHo A0NYCTUMbIX gedopMaLmii SNeMeHTOB NPMHUMAOT cornacHo CHuMM
2.01.07 " HOPMATMBHbLIM LOKYMEHTAM Ha OTAE/IbHbIE BUAbI KOHCTPYKLUNA.

4.3.2. PacyeT npeaBapuTenbHO HanpPAXeHHbIX
3/1eMeHTOB No nporndam

4.3.2.1. PacueT nsrnbaemolix 3/1€eMEeHTOB Mo Npornbam NponsBoaAT U3 YC/I0BUA
S S Fi97)

rae f - I'IpOI'l/I6 3/1EMEHTAa OT ,D,EVICTBMﬂ BHelHeMN Harpysku;

f;,lll - 3HayeHue npegenbHO Jonyctumoro nporM6a.

Mpornbbl n3rMbaembix nNpepBapuUTeibHO HAMNPAXKEHHbIX 3/EMEHTOB OnpenenatT no obwum
npasuiam CTPOUTENbHON MEXaHWUKU B 3aBUCMMOCTM OT M3TMOHbIX U CABUIOBbIX AedOpMaLMOHHbIX
XapaKTEPUCTUK Kene30b6eTOHHOro 3/1eMeHTa B Ce4eHMAX Mo ero AanHe (KPUBU3HbI, Yr1oB cABUra 1 T.4.).

B Tex cnydyasx Korga nporubbl 3/1eMeHTOB B OCHOBHOM 3aBMCAT OT M3rMOHbIX gedopmauui,
3HaYyeHUs NPornboB onpeaensaT MO KPUBU3HE 31EMEHTOB cornacHo nn. 4.3.2.2 - 4.3.2.4.

Mpn AencTBUM NOCTOAHHDIX, AJINTENbHBIX U KPAaTKOBPEMEHHbIX Harpy3oK npornb 6anok nam nant

BO BCeX C/ly4aAx He AO0/1XKeH npesbiwaTb ———_— NpoJieTa U — — Bbl/1eTa KOHCO/N.

150 75
4.3.2.2. Mpornb npeaBapuTENbHO HaMPAXKEHHbIX 31eMeHTOB, 0bycnoBaeHHbIM aedopmauneit
nsrnba, onpegenatoT no Gopmyne

1
_ (1
f=[M|=| dx, s
0 r

X

roe Mx - U3rnbaloLmMit MOMEHT B CEYEHUU X OT AEUCTBUSA €ANHUYHOWN CU/bl, MPUIOXKEHHOM MO

HanpaB/EHUIO MCKOMOTO MepemMelLeHna 31eMEHTa B CEYEHUM MO AJavHe nponeta |, ana KoTtoporo
onpeaenaoT Nporué;

1

- - NOZ1IHAA KPUBU3HA 3/1EMEHTA B CE4YEHUU X OT BHELWHEeN Harpysku, npu KOTOpOVI onpeaenarT
r

X
nporu6.
B obwem cnyyae anna KenesobeToHHbIX n3rnbaemblx NpenBapuTesibHO HanpPsaXKeHHbIX 3/1IEMEHTOB
BbluMC/IeHME nporMba npousBoAAT MyTemMm pa3bUeHUs 3/emMeHTa Ha pAfg, Y4yacTKOB, onpeaeneHus
KPUBM3HbI HA FPAHMLAX 3TUX YY4ACTKOB (C y4€TOM OTCYTCTBMA UM HAIMUMA TPELLMH U 3HAKA KPUBU3HbI) U

1

NepemMHOXKeHUa 3MpP MOMEHTOB Mx M KPWBU3HbI | — no A/NMHE 3/1eMeHTa Npu JIMHENHOM

X

pacnpegeneHnn KpUBM3HbI B Npeaesiax KaxKaoro ydactka. B atom cayyae I'IpOFM6 B cepegunHe nposieta



a/leMeHTa onpeaenstoT no popmyne

F

1
2
[ 1 1 62 (1 1 3,2 1
f_122 = +| = +6) il|=| +|=| |[+B@n=2)| =] ¢, (99)
n r sup,l r sup,r i=1 r il r ir r c
roe | — | T - KPUBM3HA 3/1eMeHTa COOTBETCTBEHHO Ha neBon u I'IpaBOﬁ onopax;
r sup,l r sup,r
— | ,|— | -«pvBU3Ha 3nemMeHTa B CUMMETPUYHO PaCMONOXKEHHbIX cedeHnax I n i (i =1 )
r il r ir
COOTBETCTBEHHO C/1eBa U CnpaBa OT OCKU CUMMETPUN (Cepe,ﬂ,MHbl rlpOI'leTa);
- - KPUBU3HA 3/1eMeHTa B cepeanHeE NPONETa;
r

c
N - YeTHOE YNCN10 PaBHbIX Y4aCTKOB, Ha KOTOpPbIE Pa3denAatoT MNPONET, NPUHMUMaAEMOE HE MEHEE 6;
| - NPONET 3/1IeMeHTAa.

1

B dopmynax (98) u (99) KpuBM3HY — onpeaensaAlT no yKasaHuMAm n. 4.3.3 COOTBETCTBEHHO AN
v

1

Yy4aCTKOB 6e3 TpewnH n C TpewmnHamm. 3HaK BeAMYUHbI — NMPUHUMAIOT B COOTBETCTBUU C 3I'I|'0p0ﬁ
r

KPUBU3HbI.

4.3.2.3. Ansa u3rnbaembix NpenBapuTe/ibHO HanpPsKEHHbIX 3/1EMEHTOB MOCTOSIHHOIO MO A/nHe
3N1EMEHTA CeYEHUA, HE UMEIOLLMX TPEeLLMH, NPOrMbbl onpeaenstoT No obWUM npasuIam CTPOUTENbHOW
MEeXaHMKM C NCMONb30BAHMEM XKECTKOCTU MONEPEYHbIX Ce4eHUI, onpeaensemoli no ¢opmyne (104).

4.3.2.4. Ona v3rmbaemblx NpeaBapuTENbHO HaNpPsXKEHHbIX 31€MEHTOB MOCTOAHHOrO MO A/MHE
3NEMEHTA CeYEeHMA, UMEILLMX TPEeLMHbI, HA KaXKAOM Yy4yacTKe, B Mpegeniax KoToporo msrmbatowmii
MOMEHT He MeHAET 3HaK, KPMBU3HY AOMYCKAETCA BbIMMCAATb A5 Hambosiee HaNpAXKEHHOTO ceyeHus,
NPUHUMAA ee ANA OCTA/IbHbIX CEYEHUIN TAaKOro y4acTKa M3MEHAIOLLENCA NPONOPLMOHANbHO 3HAYEHUAM
n3rnbaroLLero MOMeHTa.

[na cBob6oAHO OMepTbIX MAN KOHCOJIbHbBIX 3/IEMEHTOB MAKCMMA/bHbIM NporMb onpeaenstoT no

dopmyne

1
f=$2; , (100)

max

roe S - KoadpduuMeHT, 3aBUCALLUIA OT PACYETHOM CXEeMbl 3S/1IEMEHTA U BUAA Harpy3Ku, onpegensiemblii
No npaBWAaM CTPOUTENbHOW MEXaHWKW; NpU LelCTBUM PaBHOMEPHO pacnpeneneHHOM Harpysku

5 1

3Ha4YeHue S NPMHUMAIOT PaBHbIM: E - Ana cBoboaHO onepTon Banku u Z - AN KOHCONbHOM 6anku;

1

r

- MNOJIHAA KPUBU3HA B CE€4EHNN C HanbonbLINM M3I'M63I-OLLI,MM MOMEHTOM OT Harpys3ku, npu
max

KOTOpOM onpeaensaioT nporunb, BbluMcasemas cornacHo n. 4.3.3.

4.3.3. OnpeaeneHune KPUBU3HbI U3rMbaemblx
npeasapuTeNbHO HaNPAXKEHHbIX 3/1EMEHTOB

Ob6Lwue nonoxeHus



4.3.3.1. KpuBu3Hy M3rnbaembix NpeaBapuTesibHO HaNpPAXKEHHbIX 3/IEMEHTOB A/1A BblYUCNEHUA UX
npornbos onpeaensoT:

a) 4NA 3N1eMeHTOB WU/IM YY4AaCTKOB 3/IEMEHTA, I4e B PAcTAHYTOM 30He He 06pa3yoTca HOpMaJsibHbIe K
NpPoAo/NbHOWN OCK TPELUUHBI, - cornacHo nn. 4.3.3.2, 4.3.3.4;

6) 4NA 9N1EMEHTOB UM YY4ACTKOB 3/IEMEHTA, IAe B PACTAHYTOMN 30HE MMEKTCA TPELMHbI, - COrNacHO
nn. 4.3.3.2,4.3.3.3 1 4.3.3.5.

dNeMeHTbl UM YyY4aCTKU 3/1IeMEHTOB PaccMaTpmuBaloT 6e3 TpelwmH, ecnm TpelnHbl He obpasytoTca
[T.e. ycnoBue (75) He BbINOAHAETCA] NpPU AEWACTBUM MOJIHOM HArpysku, BKJIKOYAlOWEN MOCTOAHHYIO,
BPEMEHHYIO OUTE/IbHYIO U KPaTKOBPEMEHHYIO HArpy3Ku, 1 yCUANA NpeaBapuUTenbHOro obxatus.

KpuBM3HY Kene306eTOHHbIX 3/1EMEHTOB C TPeWMHaMM 1 6e3 TpeLMH MOMKHO TaKXKe onpeaenaTb Ha
ocHoBe aedopMaLUOHHON Mmoaenn cornacHo n. 4.3.4,

4.3.3.2. NMonHyo KpMBU3HY M3rMbaemblix NpenBapuTeibHO HAaNPAXKEHHbIX 3/IEMEHTOB OonpeaenaoT
no popmynam:

- A5 YYaCTKOB 6€3 TpelInH B pacTAHYTOM 30He

1 (1 1
—=|—| +| = ;(101)
r \r), \r),

- 419 Y4ACTKOB C TPeLLMHAaMM B PaCTAHYTOW 30He

—=|=|=|=| +|=| (102)
r \r)y \r), \r);

B dopmyne (101):
1 1

, - KPUBN3HaA COOTBETCTBEHHO OT HEMPOAO/IKUTE/NIBHOIO AEVICTBMFI KPaTKOBPEMEHHDbIX
r r
1 2

HarpysoK v OoT NPOAOXKUTENbHOTO AENCTBUA MOCTOAHHbIX M BPEMEHHbIX A/IMTE/IbHbIX HAarpys3oK.
B dopmyne (102):

— | - KpMBM3HA OT HEMNPOAOIKUTENbHOIO AENCTBUA BCEN HArpysKu, Ha KOTOPYIO NMPOM3BOSAT
ri
pacyeT no gedopmauusam;
1
— | - KpMBM3HA OT HEMPOAOKUTENLHOIO AENCTBUA MOCTOAHHbBIX U BPEMEHHbIX AJUTENbHbIX
rJs
Harpysok;
— | - KpWBM3HA OT NPOAO/IKUTENBHOTO AENCTBMA MOCTOAHHBIX U BPEMEHHbIX ANUTENbHbIX
rJs
Harpysok.
Kpusmsuy | — |, | — | u | — | B dopmynax (101), (102) onpenenstoT cOrnacHO yKasaHUAM M.
r r
1 2 3

4.3.3.3 c y4eToM ycuama npeaBapuTenbHOro o6Katua B KauecTBe A4AUTE/IbHOM HarpysKu.
JonycKaeTcs npu onpeaeneHnmn KpMBU3HbI y4MUTbIBATL BANAHWE aedopmaLMii ycaZKu U NON3y4ecTu
6eToHa B cTagMu NpeaBapuUTeNbHOro 06xKaTus.
1

4.3.3.3. KpuBU3HY M3rnbaembix nNpeaBapuTesibHO HaAMPSAKEHHbIX 3/IEMEHTOB — OT AeilcTBuA
r

COOTBETCTBYIOLMX HArpysoK (n. 4.3.3.2) onpeaensaioT no popmyne



1 M —Npeop
—=———————,(103)
r D

roe M - n3rnbalowmii MOMEHT OT BHELLIHEN HarpysKu;

Np n eop - ycuaune npensapuTebHoro O6)KaTMFI N ero 3KCUEHTPUCUTET OTHOCUTENIbHO UEHTPA
TAXECTUN NnpmnBeaeHHOro nonepevyHoro ce4yeHnAa anemeHTa,

D - VI3FM6Ha‘FI XeCTKOCTb npuBegeHHOro nonepeyHoOro cevyeHuMA snemeHTa, onpeagendemasn no

dopmyne

D = Ebl]red ’ (104)

roe Ebl - moaynb gedopmaummn cxKatoro 6eToHa, onpegensemblii B 3aBUCMMOCTU  OT
NPOAO/INKUTENbHOCTU AEUCTBUA HArpy3Ky;

Ired - MOMEHT MHEepLUUN NPUBEeAEHHOTO NOMNepPeYHOro ce4eHns OTHOCUTENbHO ero LeHTpa TAXKeCTH,
onpeaensiemblii C y4eTOM HaUUYNA UK OTCYTCTBUA TPELLMH.

3HauyeHnsa moayna aedopmaunn 6etoHa Ehl M MOMEHTa MHepPLUUU NPUBEAEHHOro ceyeHun Ired

ONs anemeHToB 6e3 TpelwMH B pacTAHYTOM 30HE M C TPewuHaMW OnpeaenstoT COOTBETCTBEHHO MO
yKasaHmam nn. 4.3.3.4 1 4.3.3.5.

*ecTkocTb n3rnbaemoro npeasapmuTeNbHO HaMNPAXKEHHOTO 3/1eMEHTa
Ha y4yacTke 6e3 TpeLLMH B pacTAHYTOM 30He

4.3.3.4. HecTtkocTb u3rnbaemoro npeagapuTesibHO HanpaXeHHoro anemeHtTa D Ha yyacTKe 6e3
TpelwmH onpeaenstoT no dopmyne (104).

MomeHT nHepuunm ]red npmeeaeHHOro nonepevyHoro ce4eHMA anemeHTa OTHOCUTENIbHO €ro UeHTpa

TAXKECTU ONpPeaenstoT Kak gAa ChAOWHOro Tesfa Mo obwum MpaBuaam COMPOTUBAEHUS YNPYrux
3/1IEMEHTOB C Y4ETOM BCEM N/IoLLaAMN ceYeHUn 6ETOHA U NJIoLLaAel Ce4eHUs apMaTypbl C Ko3ddULMEHTOM
npuBeaeHUa apmaTypbl K 6eToHy & .

I,=1+1a+Ia,(105)

roe | - MOMeHT MHepumun 6ETOHHOro Ce4YeHUss OTHOCUTENIbHO LUEeHTpa TAXKECTU npuBeaeHHOro
nonepevyHoro ce4yeHnAa snNemMeHTa;

[S, Is - MOMEHT NnHepuunn naowagn ce4yeHmMAa COOTBETCTBEHHO paCTﬂHYTOﬁ N cxKaTtom apmMmaTtypbl

OTHOCUTE/IbHO LLeHTPa TAXKECTU NPUBEAEHHOIO NOMEPEYHOrO CeYEHUA SNEMEHTA],
I.=A(h —y,)?;(106)
[ =A4(y.~a)’;(107)
Q - KO3pdMUMEHT NpuBeaeHMA apmaTypbl K 6eToHy,

E

N

Ebl

,(108)

Y. - paccTosHue OT Haubosiee CKaTOro BOJIOKHA OETOHa [0 LEeHTpa TAXKECTU NpUBeLEeHHOro



nonepeyHoro ce4eHuns 3eMeHTa.

3HayeHusa | u YV, onpegenaloT nNo obWMM npaBunam pacyeta reoMeTpUHEecKUX XapaKTepUCTUK
CeYeHUIN ynpyrux aNemeHTOB.

[lonyckaeTca onpesenaTs MOMeHT uHepuun 1., 6e3 yueta apmatypbl.

B aTom cnyyae anAa npAMOYronbHOro cevyeHus

bh®
[ =I=—
red 12 - (109)

3HauyeHua moayna gedbopmaumm 6etoHa B popmynax (104) n (108) npuHMMaIOT paBHbIMU:
NpW HENPOAO/IKUTENBHOM AENCTBUU HArpysKu

E,, =0,85E, ; (110)
npu NpoaAo/IKUTE/IbHOM AEVICTBMM Harpysku

E
E,=E, = 1t b—, (111)

b,cr
rae @, .. - NpUHUMatoT no Tabauue 5.

ecTkocTb M3rnbaemoro npegBapuTe/IbHO HaNPSAXKEHHOIO 31eMeHTa
Ha y4YacTKe C TpeLWMHaMM B PacTAHYTOMN 30He

4.3.3.5. }ectkocTb M3rMbaemoro npenBapuUTEIbHO HaMNpPAXKEHHOro 3/1eMeHTa Ha y4yacTKax ¢
TpeLwWwMHaMMn B pacTAHYTOMN 30HE ONPeaenAloT C Y4ETOM CeAYOLLMX NONOKEHWA:

- ceyeHuna nocne AedopMMPOBAHNA OCTAIOTCA NAOCKUMMU;

- HanpsXeHuA B 6eToHe CKaTol 30HbI ONPeAeNAI0T KaK ANA YCNOBHO YNPYyroro Tena;

- paboTy pacTaHyToro 6eToHa B CE4EHUM C HOPMANbHOM TPELLMHOM HE YUUTLIBAIOT;

- paboTy pacTaHyTOoro 6eToHa Ha Yy4YyacTKe MeXAY CMEXHbIMW HOPMA/bHbIMU TPELLMHAMM

Y4MTbIBAIOT NOCPeACTBOM KoapduumenTa I/, .
*ecTkocTb anemeHTa D Ha yyacTKax c TpelmnHammn onpeaenaoT no ¢opmyne (104).

3HayeHna moayna Aedopmaumm cxKatoro 6HeToHa Ebl NPUHUMAIOT PaBHbLIMU 3HAYEHUAM
npueegeHHoro moayna aedbopmaumm Eb,redi onpegensembim no dopmyne (9) Ana COOTBETCTBYIOLMNX

Harpy3oK (HENPOAOMKNUTENLHOTO M NPOACMKUTENLHOTO AeiicTemA), 3ameHaa K, Ha R

b,ser *

MomeHT nHepunnm npnBeaeHHOro nonepevyHoro ce4eHnAa aIemeHTa Ired OTHOCUTEJ/IbHO €ro UueHTpa

TAXECTU onpeaenAarT no 06U.I,MM npaBuaam COMPOTUBNIEHUNA YNPYINX aNemMeHTOB C y4eToM naolwagu
ceyeHunA 6eToHa TONbKO CXKaToM 30HHbI, nnow,ap,eﬁ cevyeHunAa apmaTtypbl, paCHOﬂOH(EHHOVI B C)KaTOM 30He

ceyeHus, ¢ KOaGPULMEHTOM NpuBeLEeHUA apMaTypbl K BeToHy &y M apMaTypbl, PAcrno/IOKeHHOW B

PacTAHYTON 30He ceyeHua, ¢ KoapduUneHTOM NpnBegeHNA apmaTypbl K 6eToHy &,
]red = Ib + Isasz + ]sasl ’ (112)

roe 1, ]S, I - MOMEHT MHepuMM NAoWaamn ceyeHMa COOTBETCTBEHHO CXaToi 30HbI 6eToHa,

apmaTtypbl, pacnonomeHHoﬁ B paCTﬂHyTOVi M CKaTol 30H€E, OTHOCUTE/IbHO LLEHTPA TAXKECTU NpUBELEHHOTO



6e3 yyeTa 6eTOHa PacTAHYTOMN 30HbI NMOMNEPEYHOTO CEYEHMUA.

3HayeHus Is u IS onpegenaoT no popmynam (106) n (107), npuHMmasn 3HaveHne )., paBHoe
paccTosHMIO OT Haubonee CKATOrO BOJOKHa 6eTOHa 40 UEHTpa TAXKECTM npusefeHHoro (c
KoadpduumeHtamm npusegenna &y n O ,) nonepeyHoro ceyeHuns b6es yyeta 6eToHa pacTAHYTOMN 30HbI

(pncyHoK 9).

a) 6)

QI==enwEgmd

T O oo

1 - ypOBeHb LLeHTpa TAXKECTU NpuBeAeHHOro 6es yyeta
pacTAHYTOM 30HbI 6eTOHa NoNepeyYHoro ceyeHus

PucyHok 9. MpueegeHHoe nonepeyHoe ceyeHue (a)
N cXema HanpaxeHHo-4ePpopMUPOBAHHOIO COCTOSHUA
n3rnbaemoro npeasapuUTebHO HaMNPAXKEHHOro 3/1eMEeHTa
c TpewmHamm (6) npm pacyeTe ero no gepopmaymam

3HayeHus ]b n ), onpenenaloT no obum npasuaam pacyeTa reOMeTPUUECKMX XapaKTePUCTUK
CeYEeHUM yNpyrmx sNemeHTOB.
3HaueHunA Ko3pMLMEHTOB NPUBEAEHNA apmaTypbl K 6eToHy & n &, onpegensatoT no n. 4.3.3.8.

4.3.3.6. ina n3rnbaembix npeaBapuUTesbHO HaMPAXKEHHbIX 3/1IEMEHTOB MO/I0XKEHME HEUTPaIbHOM
OoCU onpeaensatoT U3 ypaBHeHuUn

sllso

—, (113)
Sbo - aSZSso + aslS

N

_ I, +ta,l +a

YN

rae Vy - PaccTofiHMe OT HeWTpasbHOW OCU A0 TOYKM MPUIOMKEHUA YCUAUA npeasBapUTeNbHOro

obxKatua Np ; TOUKY NPUNOXKEHUA YCUNUA Np onpeaenstoT Kak AN1a BHELEHTPEHHOIO CXKaTUA C y4eToM
nsrmbatolLero momeHTa M oT BHELLHEN Harpysku (pucyHok 9);

L,, I, 1,S,,S,, S, -MOMEHTbl MHEPUMM M CTATUYECKNE MOMEHTbI COOTBETCTBEHHO

C¥KaToM 30Hbl 6eTOHA, PACTAHYTOM U CXKATOW apMaTypPbl OTHOCUTESIbHO HEMTPANLHOM OCMH.
Jonyckaetca ANA 3/1eMeHTOB MPAMOYFO/AbHOMO CEYEHMUA BbICOTY CXKATOM 30HbI OMNpeaenAtb No
dopmyne



N
d
Xy =Xy +—————,(114)
red”" " p

rae X,, - BblCOTa CKaToM 30HbI M3rnbaemoro snemeHTa 6e3 yyeta npeABapuTENbHOMO HaNpPAXeHUa
apmartypbl, onpegenaemas cornacHo CI 52-101;

1

ved 1 Ared - MOMEHT MHEepLMM U NAoWaab NPUBELEHHOrO NMONEPEYHOro CeYyeHus, onpegensiemble
ANR NONHOrO cevyeHuA (6e3 yyeTa TpelnH);

Mp - MOMEHT OTHOCUTE/ZIbHO UEeHTpPa TAXeCTU NOJZIHOIro npuBeageHHOro ce4yeHunA anemeHTa OT

BHELWHEeMN Harpysku M 1 ycunuma npeasaputeibHOro o6xkatms NpeOp

M,=M-Ne,;

op’

€,, - IKCLUEHTpUCUTET ycuama obkatua Np OTHOCUTE/IbHO ULEHTPa TAXECTUM MOAHOro

npuBesleHHOro ceyeHus anemeHTa (6e3 yueta momeHTa M).

3HauYeHUA reoMeTPUUYECKUX XapaKTePUCTUK CeYEHMA dNEMEHTa ONpeaenatoT no obumm npasuiam
pacyeTa ceyeHun ynpyrnx sNemeHToB.

4.3.3.7. KpuBu3Hy u3rnbaembix nNpeaBapuUTeNbHO HaMNPAXKEHHbIX 3/1EMEHTOB O0MYyCKaeTcs
onpeaenatb no popmyne

1 M _Npr
- = , (115)
r Es,redASZ(ho - xN)

rae Zp - PaCCToAHME OT TOYKU MPUNOKEHUA YCUIMNA NpeaBapuUTesibHOro 06KaTuns A0 TOYKU

NPUNOXKEHNA PAaBHOAENCTBYIOLWLEN YCUANI B CXHKATOM 30HE;

Z - PpacCToAHWE OT UEHTPa TAKECTM pPacTAHYTOM apmaTypbl [0 TOYKM MPUNONKEHMUA
pPaBHOAEMNCTBYIOLLEN YCUINI B CKATOM 30HE;

XN - BbICOTa C}KaTOM 30HbI C Y4E€TOM B/IMAHNA NPEOBAPUTE/NIBHOIO obrKatus.

BbicoTy crKaToil 30HblI onpeaensAlT Kak ana marmbaemblx 31emeHTOB 6e3 npeaHanpsiKeHus

cornacHo CIN 52-101 c ymHoKeHnem 3HaueHuna K, Ha 1+—*z .
P

3Ha4veHuA Zp N zZ JonyCKaeTcAa onpenenAatb, NpuHMMaAa pPacCToAHUE OT TOYKU NPUNOKEHUA

paBHOAEMNCTBYIOLLEN YCUIUIA B CXKATOM 30He A0 Hambosiee cXKaToro BO/IOKHa cevyeHums pasHbim 0,3 ho .

4.3.3.8. 3HauyeHUs KoadOMLMEHTOB NPUBEAEHNA apMATYPbl K 6ETOHY NPUHUMAIOT PaBHbIMM:
- BNA CKaToM apmaTypbl

Es
oy = ; (116)
b,red

- ANA PACTAHYTOM apmaTypbl

s, red

x, ,(117)

b,red



roe Eb’red - NpuBeAEeHHbIN Moaynb gedbopmaumm cxKaToro betoHa, onpegensemblt No popmyne

(9) npun HeNPoOZONKUTENBHOM U NPOAOIKUTENBHOM AEACTBUN HArPY3KM C 3aMeHOM Rb Ha Rb’m;

E

s, red

- NpUBEAEHHbIM MoayNb AedOPMaLLMM PACTAHYTOWM apmaTypbl, onpesensemblit ¢ y4eTom

B/INSAHUSA PabOTbl PAcTAHYTOro 6€ToHa MeXay TpelmnHamu no popmysie

E.
Es,red = . . (118)

N

3HayeHua KoadpoduumenTa I/, onpeagenatot no popmyne (96).

[Jonyckaetca npuHumatb Y/, = 1 un, cnegosatensHo, &, = &4 . Mpun 3Tom, ecam ycnosue (97) He

YA0BNETBOPAETCA, pacyeT NPOM3BOAAT C y4eToM Koadpduumenta i, no popmyne (96).

4.3.4. OnpepeneHne KPMBU3HbI NpeaBapuUTesIbHO HaNPAXKEHHbIX
3/1eMEHTOB Ha OCHOBE He/IMHeNHOM AedOopPMaLMOHHON MoaeNu

4.3.4.1. TIONHYIO KPMUBU3HY U3rMBaEMbIX NpeaBapUTENIbHO HANpPAMKEHHbIX 3/1IEMEHTOB Ha y4YacTKax
6e3 TpellMH B PacTAHYTOM 30He ceyeHus onpegenatoT no popmyne (101), a Ha y4acTKax ¢ TpewmHaMm B
pacTAHYTOMN 30He ceyeHus - no popmyne (102).

3HayeHMa KpUBU3HBLI, BXxoaawme B dopmynbl (101) n (102), onpenenator M3 pelweHns cuctemsl
ypaBHeHui (49) - (56) (n. 3.1.4.4). Mpwu 3TOM A5 SNEMEHTOB C HOPMaIbHbIMU TPELLMHAMM B PACTAHYTOM
30He HaMnps)KeHMe B HanpaAraemon apmatype, nepeceKkatowen TpewmHbl, onpeaensatoT no popmyne

— EVJEVJ E
0y = TLGEG Vg, (119)
Vs
a B HeHanparaemou apmatype
E c.v.
o, =———",(120)
5
rge
1
Vg =~ .(121)
1+0,8 L
&y
3pecb & . - OTHOCUTeNbHaa AepOpPMaLMA PaCcTAHYTON apMaTypbl B CEYEHMM C TPeLLMHOM oT

AeNCTBMA BHELLHEeM Harpy3Kku cpasy nocse obpasoBaHusa TPELLUH;

£y - YCpeAHeHHas OTHocuTeNbHas AedopMauMa PacTAHYTOW apmaTypbl, nepecekaowen

TPeLMHbI, B pacCMaTpuBaemMom cTaguu;
&, - OTHOCUTE/IbHaA AedopMaLMA NpeBaPUTE/IbHOTO HAMPAKEHWA apMaTypbl.

Mpw onpeaeneHnn KPUBMU3HbI OT HEMPOLO/IKUTENIBHOTO AEUCTBMA HAarpy3KM B pacyeTe UCMOb3yHoT
Anarpammbl KpaTKOBPEMEHHOTO AePpOPMMPOBAHUS CKATOIO U PacTAHYTOro 6eToHa, a Npu onpeaeneHnn
KPUBM3HbI OT MPOAO/IKUTENBHOTO AENCTBUA HArpysKW - AMarpaMmbl AJUTeNbHOro gedpopmupoBaHus



6EeTOHa C pacYeTHbIMM XapaKTEPUCTUKAMM 418 NPeaebHbIX COCTOSHUIA BTOPOM rpynnbl.
5. KOHCTpYKTMBHbIE TpeboBaHUA
5.1. O6uwme nosoKeHus

5.1.1. MNMpu NPOEKTUPOBAHMM NPELBAPUTENLHO HAMPAXKEHHbIX Kene30beTOHHbIX KOHCTPYKUMiA
cnepyeT yunTbiBaTb KOHCTPYKTMBHbIE TpeboBaHma CM 52-101, a TaKKe A0MN0HUTE/IbHbIE KOHCTPYKTUBHbIE
TpeboBaHusA, NpUBeAeHHbIE HUXKE.

5.2. 3aWwmnTHbIN cnon beToHa

5.2.1. ToAWmHY 3aWMTHOrO cnosi 6eToHa apmaTypbl NPeaBapUTE/IbHO HaMpPAXKEHHbIX 3/1eMEHTOB
NPUHUMAIOT He MeHee yKa3aHHoM B Tabauue 8.1 CM 52-101.
Mpn 3TOM y KOHLOB NpeaBapuTenbHO HaNPAXKEHHbIX 3/1IEMEHTOB Ha A/IMHE He meHee 0,6 AnuHbI

30HbI Nepesayn npeaBapuTeIbHOro HanpAKeHnn lp (n. 2.2.3.11) cnegyeT npeaycMmaTpMBaTh YCTAHOBKY

AONONHUTENBHOM NONepPeYHOM AN KOCBEHHOM apMaTypbl, OXBaTbIBAOLLEN HAMPAraemMyto apMaTypy.
5.3. AHKepoOBKa apmaTypbl

5.3.1. AHKepPOBKY HanpsAraemoi apmMmaTypbl OCYyLLECTBAAIOT OAHUM U3 CeayoLnX cnocoboB:

B BUAE NPAMOro OKOHUYaHWA CTePXKHA (MpAMas aHKepoBKa);

C NPUMEHEHMEM CNeLUMasbHbIX aHKEPHbIX YCTPOMUCTB Ha KOHLE CTEPXKHA.

5.3.2. ba3oBylo (OCHOBHYIO) ANMHY aHKEPOBKM HanpAraemMon apmaTypbl, Heobxoaumyk AN

nepegayn ycmamAa B apmatype C MNOJIHbIM pPaCYETHbIM 3HaA4YeHUEM CONPOTUBNEHUA Rs Ha 6ETOH,

onpeaenaloT no popmyne

R A
by =—"——,(122)
’ Rbondus

roe AS M U, - COOTBETCTBEHHO NJIOLLAb MONEPEYHOrO CEYEHMA aHKEPYEMOTO CTEPXKHA apMaTypbl
N NepUMeTp ero cevyeHus, onpeaenaemble N0 HOMUHaNbHOMY AMAMETPY CTEPXKHS;
Rb

pacnpeaeneHHbIM No ANNHE aHKEePOBKM U onpeaensemoe no ¢opmyne

ond ~ Pac4eTHOE conpoTmnsaeHUe cuenneHnsa apmatypbl C 6€TOHOM, NMPUHUMaemoe paBHOMEPHO

R, =NR,,,(123)

ond

34ecb Rbt - pacyeTHOe conpoTMBaeHne 6ETOHa 0CEBOMY PACTAMXKEHMIO;
1 - KO3OOUUMEHT, YyUMTHIBAOWMIA BAUSHUE BUAA MOBEPXHOCTM apmaTypbl, MPUHUMAEMbIA

paBHbIM:

1,7 - ana xonogHoAedpopmMMPOBaAHHOW apmaTypbl nepuogmyeckoro npoduna Knacca Bpl500
AMamMeTpom 3 MM M apMaTypHbIX KaHaToB Kaacca K1500 anametpom 6 mm;

1,8 - ans xonogHoaebopmMMPOBaAHHOM apmMaTypbl Knacca Bp guametpom 4 mm n 6onee;

2,2 - onA apMaTypHbIX KaHaToB Kacca K anameTtpom 9 mm n 6onee;

2,5 - oA ropsyeKkaTtaHol U TepMomMexaHMYeckmn obpaboTaHHOM apmaTypbl Knacca A.

5.3.3. Tpebyemylo pacuyeTHyl0 A/IMHY MNPSMOM aHKEPOBKW HanpAraemon apmaTypbl C y4yeTom
KOHCTPYKTMBHOIO peLleHns 3N1eMeHTa B 30HE aHKePOBKM onpeaenaAtoT no dopmyne



,cal
L =1, A , (124)
s,ef

HO NPMHMMaIOT He meHee 15 ds 1 200 mm.
B dopmyne (124):
Zo,an - ba3oBan A/ 1MHa aHKepOBKK, onpeaensemas no popmyne (122);

As,cal , As,ef - niowaab nonepeyHoro ceveHMsa apMmaTtypbl COOTBETCTBEHHO Tpebyeman no pacuyety

n d)aKTMHECKM YCTaHOB/NEHHAA.

MpunoxkeHue A

OCHOBHbIE BYKBEHHbIE OBO3HAYEHUA

Ycuama oT BHELWHMX Harpy3oK 1 BO34eNCTBUM
B MOMepeyHoOM CeYeHUU 3/1eMeHTa

M - v3rnbatowmit MomeHT;

Mp - n3rnbarowMn MOMEHT C Yy4eTOM MOMEHTa YCUAMA npeaBapuTenbHOro obxkatua
OTHOCUTENIbHO LLEHTPA TAXKECTU NPUBELEHHOTO CEYEHUS;
QO - nonepeuHas cuna.

XapaKTepVICTMKM npeaBapnUTeNbHO HANPAXEHHOIO 3/1IEMEHTA

P, Np - ycuAue npeaBapuTesibHOro 063KaTusa ¢ y4eToM NoTepb NpeABapUTeNbHOTO HamnpaXKeHus
B apmaType, COOTBETCTBYIOLLMX pacCMaTPUBaeMon CTaann paboTbl 31eMeHTa;

P(l) ) ])(2) - ycmnue B Hanpﬂraelv\oﬁ apmaTtype C y4eTOM COOTBETCTBEHHO NEPBbLIX U BCEX NOTEPDL
npeaBapuUTesIbHOro HanpAXXeHuA;

O, - TNpeABapuTeNbHOE HanpseHWe B Hanparaemoii apmatype C y4eTom noTepb

npeaBapuTesibHOrO HaMpsAXeHus B apmaType, COOTBETCTBYIOLWIMX PaccMaTpMBaemoi ctaamm paboTbl
3/1EMEHTa;

AO'SP - NOTEPU NPeABapPUTE/IbHOTO HANPAXKEHUA B apmaType;

O}, - CKAMAIOLWME HANPAXKEHNA B GETOHE B CTaAMM NPeABAPUTENIbHOTO 06)kaThA C y4eToM noTepb

npeaBapuTeNbHOrO HanpAXeHUsa B apmaType.

XapaKTepucTukn matepmanos

Rb,n - HOpMaTnuBHOE conpoTnueaEHNE 6eToHa 0oceBOMY CXKaATULO,

R,, R,,’m - pacyeTHoe conpoTMBAEeHNe BETOHA OCEBOMY CXKATUIO ANA NPeAe/bHbIX COCTOAHWIA
COOTBETCTBEHHO NepBOWi U BTOPON rpynn;

Rbt,n - HOpMaTuBHOE conpoTueBaEHNE 6eToHa 0CeBOMY PaCTAXKEHUIO,

R

bt Rb[,ser - pPacyeTHoe conpoTusaeHUE 6eToHa 0OCeBOMY pacCTAXeEHUO ANnAa npenenbHbIX



COCTOAHMUIA COOTBETCTBEHHO NEPBOM 1 BTOPOWM rpynnm;

R,

p " nepengartoyHana Npo4YHOCTb 6ETOHa,'

R, . - pacueTHOe conpoTMBAEHME CLENNEeHMA apMaTypbl C 6eTOHOM;
R, R

COOTBETCTBEHHO MEPBOI M BTOPOM rpynm;

s,ser -~ PACYETHOE COMPOTMBAEHNE APMATYPbl PACTAXKEHMIO ANA NPESENbHbIX COCTOSIHUM

R, - pacueTHoe conpoTuBaeHMe NonepeyHoi apMaTypbl PACTAXEHMNIO;
R, - pacuetHoe conpoTueneHue apmaTypbl CKaTUIO ANS NPeAE/bHbIX COCTOAHMI NepBoii rpynmbi;

Eb - HaYa/bHbIN MOAY/b YNPYrocTM 6€ToHa NPU CHATUM U PACTAKEHUM;

E, .. - npuseneHHblii Moaynb AedopmalLmm caToro 6eToHa;

red

E_ - mopynb ynpyroctn apmatypbi;

N

E

s.red -~ MPUMBEAEHHBIA MOAyab AedOopMauymn apmaTypbl, PacrosoKeHHON B PacTAHYTON 30He
3/1eMeHTa C TpelMHamMu;

Ey,» Epp - NPEAEGNABHAA OTHOCUTENIbHAA AedopMaLuma 6eToHa COOTBETCTBEHHO NPKU PaBHOMEPHOM
OCEBOM C}KaTHM N OCEBOM PaCTAMNKEHUMU;

& - OTHOCUTE/IbHblE /J,ed)opmau,mm apMaTtypbl Npn HanpAaxXeHnu, paBHOM RS;

N

&), g - OTHOCUTE/IbHbIE AedOpMaumm ycaaKu 6eToHa;
@, o - KOIGOUUMEHT NON3yuecTn BeToHa;

O - OTHOLWEHWe COOTBETCTBYIOLWMX MOAy/1ei ynpyroctv apmatypsl £ 1 6etona £, .
FeomeTpUYeCcKMe XapaKTePUCTUKN

b - wupmnHa npAMOYronbHOro ceyeHms; WrpHHa pebpa TaBpoOBOro U ABYTaBPOBOrO CEYEHMIA;

bf - LUMPWMHA NOJIKM TaBPOBOro M ABYTaBPOBOIO CEYEHUIA B CXKATOM 30HE;

h - BbicoTa npPAMOYro/sibHOro, TaBpoBOro U AByTaBpoBoOro ceyeHui,;

hf - BbICOTA MOJIKM TaBPOBOIO U ABYTAaBPOBOro CEYEHWUIN B CXKATOW 30HE;

a, d' - paccTonHMWe OT 6AMKaLLEN rPaHN CeYeHMA [0 PABHOAENCTBYIOLLEN YCUANI COOTBETCTBEHHO
B PACTAHYTOM M CXKaToOW apmaType;

ho - paboyas BbicOTa ceyeHus, paBHas h - a;

X - BbICOTa CXXaToW 30HbI 6HeTOHa B Npeae/ibHOM COCTOAHUKU NO NPOYHOCTY;

Xy - BbICOTa CXKaToM 30HbI NpU pacyeTe No gepopmaLnam;

X
f - OTHOCUTENbHAA BbICOTA CXKATOM 30Hb! 66TOHa, paBHaA h_;

o

Sw - PaCCToAHME MeXay XOMYTaMU, UsmepeHHOe No A/INHE SN1EMEHTa;

€,, - IKCUEHTPUCUTET YCUAWUA NPEeSBAPUTENIbHOTO OBMKATUA OTHOCWUTE/IbHO LEHTPa TAXKeCTH
NpWBEeLEHHOrO CEYEHUS;

Y - PaccToAHMe OT HeUTPasIbHOM OCK [0 TOUYKM MPUNOMNKEHUNA YCUINA NPeABaPUTENIbHOTO 06XKaTnA
C y4eTOM U3rnbatoLLero MOMeHTa OT BHELLHEN HarpysKku;

€, - paccTosiHne OT TOYKWU MPUIOKEHWUS YCUAWA NPeABapUTEe/IbHOMO 06KaThsA Np C y4eTom

n3rnbaloLLLero MOMEHTa OT BHELUHEN Harpy3kn A0 LEHTPA TAMKECTU PACTAHYTOM UM HaMMEHEE CXKaToM
apmaTypbl;
lan - ANIVHA 30Hbl aHKEPOBKMY;



lp - ANVIHA 30HbI NepeAayn NpeaBapuTeNbHOro HanpaXeHna B apmaTtype Ha 6eToH;
d., d, - HOMMHanbHbIi AMameTp CTepHell COOTBETCTBEHHO NPOAO/MBbHON M MonepeyHou

apmarypsl;
A, A, - nnouaab ceyeHmns apmaTypbl, PACNONOXEHHOM COOTBETCTBEHHO B PACTAHYTOMN M CXaTol

30HaX cevyeHnA aNemMeHTa,
A - naowaab ce4eHNA XOMyTOB, PACMO/IOKEHHbIX B OAHOﬁ Hopmaanon K I'IpO,CI,OJ'IbHOVI ocun

sw

3/1EMEHTa NJI0OCKOCTH, I'IEpECEKa}OLLI,Eﬁ HAK/IOHHOE CceYyeHune,
A - naowanb BCeEro 6eToHa B nonepeyHoOM Cce4yeHuu,

A,, - nnowaab ceverns 6eToHa pacTsAHyTOM 30HbI;

Ared - naowagb npuBegeHHOro ce4yeHnA aNNIeMeEHTa;
I - MOMEHT nHepuUunn ce4eHmA Bcero 6eToHa OTHOCUTE/IbHO LEHTPa TAXKECTU CEYEHNA S/NEMEHTA,

Ired - MOMEHT nHepuunmn npnsegeHHoOro ce4eHMA aiemeHTa OTHOCUTE/IbHO €ro UeHTpPa TAXKeCTuU,

W' - MOMeHT conpoTuBNEHNA CeYeHWA S1IeMeHTa A1 KPaliHero PacTAHYTOrO BOOKHa.

MpunoxeHue b

MEPEYEHb
HOPMATMBHbIX JOKYMEHTOB, HA KOTOPbIE JAHbI CCbIJTKM B TEKCTE

CHwuM 2.01.07-85*. Harpy3Kku 1 Bo3aencTems

CHwuMN 23-01-99*. CtpouTenbHasa KAMmaTonorusa

CHwnM 52-01-2003. EeTOHHbIE U Kene3obeToHHble KOHCTPYKLUUKN. OCHOBHbIE NOJIOXKEHMA

CMN 52-101-2003. BeTOHHbIE U }Kene3obeToHHble KOHCTPYKUMM 6e3 npeaBapuUTe/IbHOIro HaNpPAXKeHUA
apmarypbl

FOCT 14098-91. CoepgMHeHMAa cBapHble apmaTypbl M 3aKNafHbIX M3AENUNA Kene3obeToHHbIX
KOHCTPYKLMI. TUNbl, KOHCTPYKLMW U pasmepbl

PTM 393-94. PykoBogAwMe TEXHONOrMYEeCKMe maTepuasnbl MO CBAPKE M KOHTPOJIKO KavecTBa
COeIMHEHNIM apMaTypbl U 3aKNaAHbIX U34ENI KeNne300eTOHHbIX KOHCTPYKLUMUNA.




