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BBEJIEHHUE

Hacrosmee ITocobue paspaborano B passurie CII 63.13330.2012 «beronHble U
JKeJle300eTOHHBIE KOHCTPYKIMU» AKTyamusupoBaHHas pemakiua CHull 52-01-2003 B
YacTH NpUMEHeHUs IpH MPOeKTUPOBAHHU IUIOCKHX 0e30alovHBIX JKele300eTOHHBIX
TIePEeKPHITHIA.

B Ilocobuu H3MOXKEHBI MaTepHalbl, Kacaloluecs OCHOBHBIX IIPHUHIIUIIOB
HPOEKTHPOBaHKA MIOCKUX 6e36al0uHbIX JKelle3006e TOHHBIX MepeKPHITHI 13 MOHOIUTHOTO
Kene300eTOHa, YYMTHIBas WX IIMPOKYI0 PAaclpOCTPAHEHHOCTh B  COBPEMEHHOM
CTpPOUTENIBCTBE, a TaloKe HEeJOCTATOYHOCTh M Pa3pO3HEHHOCTh MMeIoIelics HHpopManun.
IIpu cocraBneHMn moOCOOUS WCHONB30BaHBl JaHHBIE HATYPHBIX WCIBITAHHH W
HCCIIeIOBaHUH, TIOydeHHbBIE HAyYHO-MCCIIe/[OBATEIbCKUMH OPTraHU3alHsIMU, B TOM YHCIIE
MaTepHaibl 3apy0eXHOTo OIBITA.

Ilpu cocrapnernu ITocoOust ydTeH TOJIOKHUTENBHBINA OIBIT MPOSKTHPOBAHUS H
CTPOUTENHCTBA MPOMBIIUIEHHBIX U IPaKIAHCKUX 3[aHHH W3 MOHOJIHUTHOTO Kele300eToHa,
a TaKkKe HENOCTAaTKA IIPOGKTHPOBAaHMSA, BBIABIEHHBIE B IIpollecce aHaIHW3a
KaTacTpO(UUECKUX CUTYaIUl, CIyYUBLINXCA ¢ Ge36aJouHBIMU NMEePEKPHITUIME 3aHHA U
TIPOHM30IIeAMINX 32 TTOCTEeHNE TONbL.

Ilocobue pa3paboTaHO ABTOPCKUMM  KOJUIEKTHBOM  COTpYIHHKOB IleHTtpa
npoextupoBanus M dkcneprussl HUMXB uMm. A.ATI'Bo3meBa B cocrase: A.T.H. M.H.
Tuxonos, k.T.H. M.M. Kozenkos, k.T.H. B.3.MemkoB, umx A.B.JIyropoii, umx. bomoros
I[I.LA. ¢ Hcnoib30BaHHEM MaTepHaloB JabopaTopud TeOpuHM JKelne3o0eToHa W
KOHCTPYKTHUBHBIX CHCTEM U J1abOpaTOpHM Kelne300€TOHHBIX KOHCTPYKLHM W KOHTPOISL

Ka4decTBa.



1 OBIIME NMMOJIOKEHUSA
1.1 OénacTb npuMeHeHHS

1.1.1 TTocoGue pacnpocTpaHsIeTcs Ha MPOSKTHPOBAaHHE HECYINUX KapKacOB 3MaHHU
¢ 6e30aT0YHBIMH KOHCTPYKLHAMH MEPEKPHITHI B BUAE IUIOCKHUX XeJe300eTOHHBIX IIINT,
KOTOpBIE JKECTKO CONPATAIOTCS C HOANCPKHUBAOIIAMH MX KOJNOHHAMH (MMIOHaMH) Ge3
MECTHBIX YTONIIeHHi (OeckanuTeNnbHble NEPEKPHITUA) HIH ¢ HaIWYHeM YTOJNIIEHHId,
HMMEIOLINX PA3IMYHbIE KOHCTPYKTUBHEIE pelIeHHs (KanuTeNnbHbIe TePEeKPhITHS ).

1.1.2 Tlocobue He pacmpoCTpaHAETCsS Ha KOHCTPYKUHH 3IaHHH, BO3BOAMMEIX Ha
MPOCAOYHEIX IPYHTaX W TOPHBIX BEIpa0OTKaX, B paifoHaX ¢ CEHCMHYHOCTHIO CBEHILIE 6
6ayutoB U paiioHax Kpaiinero CeBepa, a Takke Ha KOHCTPYKIOHMH 3IaHWMA, BO3BOJHMBIX
MeTOZIOM MOABEeMa 3Taxei.

1.1.3 TlpemnasHaueHO M HHXCHEPHO-TEXHHYECKHX PaOOTHHKOB MPOCKTHBIX
OpraHu3allyif, HayYHEIX pabOTHUKOB, IIpenojaBaTeneii U CTyJeHTOB CTPOUTENHHBIX BY30B,
CHEeUUATNCTOB TOCYJApCTBEHHBIX ¥ HMHBIX OPTraHOB SKCIEPTH3bl W COTJIACOBAHHA,
HaJI30PHEIX CITY)KO, OpraHoB JIMIEH3UPOBAHUA U CePTHOHUKALIUH.

1.1.4 B mHacrosmem I[locobuu paccMaTpHBAalOTCd KOHCTPYKLHH 3IaHHH C
KBaJpaTHOH! MM IMPAMOYTONBHOM CEeTKaMU KOJOHH IIPH OTHOIIEHUH GOJNBIIETO IposeTa K
MeHbIIeMy A0 3/2 W OTHOIIEHWH BEIHYHH INPOJIETOB OJHOTO HAnpaBieHHs Kapkaca He
Gonee 4/3.

o HapyXHOMY KOHTYpY 0e30aJI09HEIe IEPEKPHITHS MOTYT:

- cBOOOJIHO BHICTYIATh 33 KpalfHUI Psili KOJOHH ¢ 00pa3oBaHHeM KOHCOJEH;

- YIMeTh CONpsDKEHWe C KOJNIOHHaMHM (TIJIOHaMM) KpaiHUX psOOB IPH ITOMOIIH
TIoJIyKaIuTenei;

- 110 KpaltHUM psaM KOMOHH (IIMIOHOB) IMETh KOHTYPHYIO GalKy;

- OIMpAaThCs Ha HAPY>KHBIE CTEHEI,

BHyTpH BHeIlIHero KOHTypa 3aHUs Oe30aylouHBle IEpeKpHITHI MOTYT YacTHYHO

ONMAPATECI Ha HECYIIUEC BHYTPCHHHE CTCHBI W OTACJIBHBIC 621.]'[1(1/1, HMETh CBA3H C



JuadparMaMi  JKECTKOCTH Pa3sHOH KOHCTPYKI[HH, HECYIIUMH KOHCTPYKTHBHBIMHU
3MEMEHTAMH JIECTHHL U JU(TOBBIX INaXT M JpPYTMMH BEPTHKAIGHBIMH HECYIIHMH
KOHCTPYKLIMSIMH.

1.1.5 Ilmute1 6e306amoOYHBIX TEpeKpHITHIi, B clydae OTCYTCTBHS KallHUTeleH,
PEeKOMeHIyeTcs TPOeKTHPOBATh €IUHOM TONIMWHBI B MpelellaX TeMIepaTypHOro Oioka
Kapkaca 3JlaHHsI.

1.1.6 BpiGop KOHCTPYKTHBHOTO pEIIeHHs M TOJIIWMHBI IUIMTHOH YacTH
6e36amouHOr0 MepekprITHA (0eCKanUTEeIFHOTO WM C KalHTeIAMH KOJOHH) 3aBHCHT OT
pa3sMepoB CeTKH KOJIOHH, HA3HAYAEMBIX C YY€TOM (DYyHKIMOHANBHBIX, ApXUTEKTYPHBIX U
KOHCTPYKTHBHBIX TpeOOBaHMIA.

@OYHKIMOHANBHEIE W apXUTEKTYypHEIE TpeOGOBaHHA 3aBHCAT B IIEPBYIO OUepennb OT
Ha3HAYEHHUS 3[aHHS WM OTIENBHBIX ero IOMEIleHHI W 4actedl (IpOU3BOACTBEHHOE,
rapaxxHoe, TOproBoe, JXWIOe U Ip.).

KoHcTpyKkTHBHBIE TPEOOBaHHS ONPEENIIOTC 6€30MaCHOCTRIO i S5KOHOMHYECKHMH
[IOKa3aTesIMA Ha CTaJ{1 IPOEKTHPOBAHHS CTPOUTENBCTBA H SKCILTyaTaluH.

1.1.7 KonoHubl, noanepxuBarolie 6e30aqodHble TEPEKPHITHA, Lelecoodpa3Ho
IIpeyCMaTpHUBaTh CIUIOIIHOTO CedeHuUs. MOTyT MPUMEHATHCA KOJIOHHBI MIPSIMOYTOJIBHOTO
¥ KpYIJI0ro (KOJBLIEBOr0) CEUSHUS.

1.1.8 M3-3a BBICOKOH JKECTKOCTM KOHCTPYKIHH, BO3MOXXHOCTH BOCIPHUSITUSL
GONBIINX FOPH3OHTANbLHBIX M BEPTHUKANBHBIX HAarpy3oK, a Takxke JAPYTHX apXUTEKTypHO-
KOHCTPYKTHUBHBEIX OCOOCHHOCTe}l, B IIOCTeHee BpeMs HAXOAAT HIMPOKOE HCIIONB30BaHUE

BEPTUKAJIBHBIC HECYIIINAE JKee300€TOHHBIE SJIEMEHTHI B BHJE ITUJIOHOB.

1.2 HopmaTuBHBbIC CCHUIKH

DenepanbHblii 3akoH Poccuiickoit @enepanun ot 27.12.2002 r. Nel84-®3 «O
TEXHHYECKOM PerylupoBaHUN (C M3MEHEHHSAMH Ha TeKYIIYIO aTy)
DepepanbHblii 3ak0H Poccuiickoit @enepamym ot 30 nexabps 2009 r. Ne384-D3

«TexHu4eckuii peryiaMeHT o 0€30IMacHOCTH 3JaHHI U COOPYKEHU I



IOCT P 22.1.12-2005 Be3onacHOCTh B  Hpe3BHYANHEIX  CHTYAI[HsX.
CrpykTypupyemas CHCTeMa MOHUTODHHTA W YIpaBlIeHHS HHKEHEPHBIMH CHCTEMaMU
3MaHAH U coopyxeHmit. O0mue TpeboBaHus

I'OCT 34.602-89 HudopmammonHas TexHomorus. KoMIUleKc CTaHZApTOB Ha
ABTOMATH3HPOBAHHbIE CHCTEMBEL. Texnugeckoe 3aJaHue Ha co3faHue
ABTOMaTH3NPOBAHHOM CHCTEMEI

I'OCT 27751-2014 Hane)xHOCTH CTPOUTENBbHBIX KOHCTPYKIMH W OCHOBaHHH.
OCHOBHEIE NOJIOXKEHHUS

FOCT P 52544-2006 IIpoxaT apMaTypHBIf CBapHBaeMBbId IIEPHOIMIECKOTO
npodms knaccop AS00C u BS00C jisa apMupoBanus xenne300eTOHHBIX KOHCTPYKIHIA.
TexHudeckne yCIoBHs

T'OCT 10922-2012 ApmaTtypHble U 3aKkjiaJHble H3NENAS CBApHBIE, COCTUHEHHS
apMaTrypsl U 3aKIaJAHBIX U3JCNHH jKene300eTOHHBIX KOHCTpYKIHi. O6Iue TeXHUIeCKHue
ycioBus

T'OCT 14098-2014 Coenunenus cBapHBle apMaTyphl M 3aKIaJHBIX HW3JeNHit
Kene300eTOHHBIX KOHCTPYKLHH. Tursl, koncTpykuyu 1 pazmepsl. CHull 31-09-2006»

T'OCT P 21.1101-2013 «CITAC. OcHoBHBIe TpeGoBaHHI K POEKTHOH U paboueit
JOKYMEHTAIIUID)

CIT120.13330.2011 «CHuITI 2.01.07-85* «Harpy3ku U BO3aeCTBHS»

CIT 63.13330.2012 «CHwull 52-01-2003 «beronHbie u xene300eTOHHBIE

KOHCTPYKUUH. OCHOBHBIE [TOJIOXKEHHUSD)

1.3 Tepmunsl u onpeneieHust

Kanurens, — mnpuONOpHas YacTh MEepeKphITHS YBEeIMYEHHON TOJIIMHBI JIsA
BOCHPHATHS NMONEPEYHBIX CAI M YBETHIEHHS XKECTKOCTH MEPEKPHITHSL.

PacnpesennrensHas cucreMa (pacmpeicHcreMa) — ClelWalbHas apMaTypHas
Ipylna B MNpHONOPHOH 4YacTH NepeKpBITHA, OCHOBHOH 3ajayeil KOTOpOH SABIETCS

BOCIIPHUATHE MONEPEUHBIX CHUIL.



CkpbiTble ©GaJIKH — YacTh MOHOJWTHOH IUIMTHI, apMHpOBaHUE KOTOPOi
OCyIECTBIAETCA IO TNPHHIMIAM KOHCTPYHpPOBaHHs apMHpPOBaHHA OaloK, TO ecThb
MPUCYTCTBYIOT BEpPXHUE M HHJKHME TPYNIBl ApMATYPHBIX CTEP)KHEH, 00BheIHHEHHBIE
ToTIepeyHBIMY 3aMKHYTBIMH XOMYTaMH.

/Kectkas apMaTypa — apMaTypa, )KeCTKOCTh KOTOPOii BO MHOTO pa3 IPeBOCXOIHUT
JECTKOCTh CTepKHEeBOH apMaTyphl (HallpuMep, CTalIbHOH Yrojok, IIBe/ulep, ABYTaBp U
T.IL.).

PacniacTaHHas KanuTesb — KallUTENb C pa3MepaMH B IUIaHE IPEBBIILAIOLIMMHI
(2h + byy), TI€ h — BEICOTA KAIIUTENH; b,, — pasMep CeUeHHs KOJIOHH B OCIX «X» H «I».

JlokannHoe MpoAaBIUBAHHE — YCIIOBHEIM TEPMUH U1 0003HAYEHNS BO3IEHCTBUS
TIPONONBHBIX CHJI, BO3HUKAIOIIMX B KOJNOHHe (IMIOHE), HA YYacTOK MepeKphITHS,
OrPAHUYCHHBIN UX CEUCHHUEM.

IIpuonopnas 30Ha mepeKpLITH — 30HA, B KOTOPOH TpebyeTcs NpoBemeHHE
KOHCTPYKTHUBHBIX MEPONPUATUH IJI1 ee YCHIICHUS ¢ LEeNbI0 BOCIIPUSATHS MOMEPEIHBIX CHII
¥ M3ru6aroliiX MOMEHTOB OT BHEIIHEeTo CHIIOBOIO BO3AeHCTBHA.

Hareabnsblii 3¢ ekt — 3¢ dekT, BO3HUKAOLINI B TIPHOMIOPHOH 30HE MEPEKPHITHA,
3aKTIOYAIOIMHCS B COMPOTHBICHHH IPOAOJIBHOTO ApMHUPOBAaHUS IUIMTHI Ha Cpe3 B
YCIIOBHSIX CXKATOTO JKelIe300eTOHHOTO CEUeHHS C TPEIHHOM.

IIBK — nnporpaMMHO-BHYHACIHTENBHBII KOMILIEKC.

HJuccumanus (paccesiHie) YHEPrHA — TepeXo]] JaCTH SHEPTHH YMOPITOYSHHBIX
TIpoLeccoB (KMHETUUIECKOH HSHEepruy OBIDKYIIETOCS Tella) B SHEPTHI0 HEYMOpsI09eHHBIX
IIPOIIECCOB, B KOHEYHOM CYETE — B TEILIOTY.

IInacTuyeckoe AedopMHpPOBaHHEe PACYETHBIX CeYeHHH Kele300eTOHHBIX
3J1eMeHTOB — Ipoliecc, 00yCIaBIMBaroImuics neopMUpoBaHHEM apMaTyphl U OeToHa B
pacyeTHOM ce4yeHHH Oe3 3HAUHUTENIFHOIO YBeJIHUYeHUS B Heit ycwmmii U Ge3 paspymieHus
CKaTo# 30HBI GeTOHA.

Kputnuyeckne o0nacTH B HECYIIHX >Xele300€TOHHBIX 3JIEMEHTaX — o0iacTu

(y4acTKH) KOJIOHH, OaloK INHT, B KOTOPLIX B IIpollecce HArpyXeHHs MOXeT ObITh



obycloBlIeHO TMiIacTHUeckoe JeopMHpOBaHHE pacyeTHBHIX Cce4YeHHH (oOpazoBaHue
IUIACTHYIECKOTO MIApHUPa).

B TIlocobum HCHONB3YIOTCS TaK)Xe TEPMHHbBI M COOTBETCTBYIOIIHE UM
onpeneneHus, ommy6nMKoBaHHBIe B cOopHUKe «O¢dUIMaNbHbIe TEPMUHEI U OTIpe/IeieHHs B
CTPOHTENBCTBE, APXUTEKTYpe U JKIIHIITHO-KOMMYHAIBHOM X03gHcTBe». — M. MuHpernon
Poccun, BHUHUHTIIH, 2009.

Bo3geiicTBHe — W3MEHEHHe TeMIlepaTyphl, BIHSIHHE OKpPYXalOIled cCpezbl,
JieficTBHe BeTpa, Ocalika OCHOBAaHUIl, CMeIlleHNe OIIop, Aerpajalysi CBOMCTB MaTepHANOB,
BO BpeMeHH H JApyrie d5(ddekToB, BEIBEIBAIONIME HW3MEHEHHE HampsHKeHHO-
JehOPMHUPOBAHHOTO COCTOSHUSI CTPOUTEBHBIX KOHCTPYKIIHHA.

KoHCTpYKTHBHASL CHCTeMa — COBOKYIIHOCTb B3aWMOCBSI3aHHBIX CTPOUTEITBHBIX
KOHCTPYKIIHI1 1 OCHOBAHWH.

Harpy3ku BHeIIHHEe MeXaHHMYeCKHe CHIBI (Bec KOHCTPYKUHH, 00OpyIOBaHWS,
Joze, CHEroOTIOXKEHHS U JIp.), NeHCTBYIOIIHE Ha CTPOUTENBHEIN 00BEKT.

ApBapuiinble Bo3JelicTBHS — BO3IEHCTBUA XapaKTepU3yWOILIHecs MaJloH
BEPOSITHOCTHIO BOSHUKHOBEHHUS, KOPOTKOH 110 CPaBHEHHIO ¢ PACUSTHBIM CPOKOM CITYKOEBI
COOpPYXEHHS INPOAOIDKUTENBHOCTBIO, HO MPHUBOMAINNE K pa3pyIIeHHI0 dYacTel
CTPOUTENBHBIX KOHCTPYKUHH WIHM COOpYXEHHS B MLeIoM ¢ KaTacTpo(pUIeCKUMH
TIOCIIeICTBUAMH.

IIporpeccupylomee (naBuHOOOpa3HOe) oOpymenHe — IIOC/IeNOBaTENbHOE
(emHoe) pa3pyllleHHe HeCyIIMX CTPOMTENBHBIX KOHCTpYKUMH, DpHBOAdAImIee K
OOpYIICHHIO BCETO COOPYXXECHHUS M €ro 4acTel BCIEINCTBAEC HAYAIbHOTO JIOKAJIBHOTO
MOBPEXXAEHNUS.

«KnByyecTb» 00beKTa CTPOHTEIBCTBA — CIIOCOOHOCTH COXPAHATH CHJIOBOE
COTPOTHBIIEHHE B TeUeHHe PAacIeTHOTO BpPEMEHH, IOCie aBapuHHOTO BO3IEHCTBHA H
YaCTHYHOTO Pa3pyLIeHUs KOHCTPYKTHBHOH CHCTEMBI, JOCTATOYHOTO AN HCIOIb30BAHUSA
COOpPYXEHHS C LeNlbio Oe30macHOM »JBakyallud JoJei, o0opyJoBaHHA, a TakKe
BBITIOJIHEHUSI PEMOHTHEIX paboT HeOOXOMUMBIX s ero AanbHeHlIero coXpaHeHHs WIH

3KCIUTyaTalluu.



IIpepenbHOEe  cOCTOSIHME  CTPOMTENBHBIX KOHCTPYKLIME —  COCTOSHUE
CTPOUTENbHBIX ~ KOHCTPYKIHMU TIpH  TPeBHIIIEHHN  XapaKTePHBIX, HOPMHPYEMBIX
IIapamMeTpoB, KOTOPBIX SKCIUTyaTalllsi KOHCTPYKUKH HeJomycTHMa (ONacHa), 3aTpyJHeHa

nin HCHCHCCOOGP%Ha.



2 OcHOBHBIE PaC4Y€THBIC MOJIOKCHUS

Pacuer 6e30alo4HBIX MEpeKPHITHH IO HPOYHOCTH, PACKPHITHIO TPEIIHH |
JedopManusM, a Takke HX KOHCTPYHpPOBAaHHeE, JOIDKEH IIPOH3BOJUTECS B COOTBETCTBHH C
IpaBWJIaMH CTPOHMTeNbHOH MexaHWKH, coriacHo CIT 63.13330.2012, mpyruM HopMaMm
IPOEKTHPOBAHNUA OETOHHBIX U JKeIe300eTOHHBIX KOHCTPYKIMH H JOIONHHTEIbHBIM
yKa3aHHUAM, H3/I0)KeHHBIM B HacTosmeM [locobuu.

PacdeTHBle XapaKTepHUCTHKH MaTepHallOB IIPUHUMAIOTCS B COOTBETCTBHH C
Hopmamy npoekTrpoBaHus GETOHHBIX U XKeIe300€ TOHHBIX KOHCTPYKIHH.

Be3banouHble  TEpEKPBITHS  PEKOMEHAyeTcs IpPHUMEHATh INpH  JeHcTBHH
BEPTUKAJIBHBIX HAIPy30K, pABHOMEPHO pacIpefelleHHbIe II0 BCEMY IIEePEKPHITHIO, HIIH €To
HacTH.

Harpysku, neficTByrolye Ha IepeKPHITAIL, MOTYT OBITh IPHOIIDKEHHO IPUBEICHE]
K 5KBHBaJIEHTHBIM PaBHOMEPHO paclpeleleHHbIM Harpy3kaM 110 H3IHOI0IM MOMEHTaM,
HONEPeYHEIM CHIaM MK AehopMalusiM B 3aBHCHMOCTH OT HPefeNbHBIX COCTOSHH, IO
KOTOPBIM IIPOM3BOOUTCA pacdeT. Ilpm pacdere OTHENBHBIX YacTell KOHCTPYKLHH
(HampuMep, Ha TNPOAABIMBaHHE M T. 1.) HEOOXOOMMO YYMTHIBAaTh JEeHCTBHUTENIBHBIN
XapaKTep Harpy3Ku.

IIpu ompenmeneHu:m ycHNW, HEHCTBYIOUMX Ha SJIE€MEHTHl EPEKPHITHA,
YUYHUTHIBAIOTCSA Hanbolree HEBRITOHbIE KOMOMHAIHH 3arpy>KeHHIH.

B ofbmeM cimydae mpu ompeleNeHHH YCHIHMH, AEHCTBYIONIMX B KOHCTPYKLIHH,
KpoMe BepPTHKAIBHBIX HArpy30K YYHTBHIBAIOTCS W TOPH3OHTABHBIE HArpys3KH.
lopuzoHTanbHast Harpyska IepefiaeTcsi Ha 3aMEHAIONIHE paMbl IPH  PaMHOM
KOHCTPYKTHBHOH CXeMe W Ha BepTUKAJBHBIE JIEMEHTH! JKecTKocTH (auadparmsl, sapa
ECTKOCTH H T.II.) IIpH CBsI3eBOil KOHCTPYKTHUBHOM cxeMe. Takxke HEOOXOMMMO YUHTHIBATh
HArpysKd, JAeHCTBYIOMKe B MPOLiecce MOHTaXKa KOHCTPYKLIHH.

Ilporu6bl HepeKkphITHH He AOKHBI MpEBHILIATh BeNH4YMH, yKaszaHHbIX B CIT

20.13330.2016. 3a mponeT MpUHHAMAETCA PACCTOMHHE MEKIY OCIMH KOJIOHH.
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TIpemensHO [fOmycTMMas INHPWHA PAacKpHITHA TpPeIqWH B JKele300eTOHHBIX
6e36a0YHEIX KOHCTPYKIHUAX, SKCIUIyaTHPYeMbIX B YCIOBHSX HEarpecCHMBHON Cpezsl,
mpunuMaercs mo CIT63.13330.2012.

IIpy npoexTHpoBaHHM 0e30aMOYHEIX KOHCTPYKLMI, MpelHa3HAYEHHBIX A
SKCILTyaTalli B AarpecCHBHBIX cpelnax, HeoOXoamMo yduTbiBaTh TpeGosanus CII
28.13330.2017.

Paccrosaue Mexay TeMmmepaTypHO-yCaJOYHBIMH IIBaMH, H3MeEpAEMOE MEXIY
OCSMH KOJIOHH KpaflHHX psANOB TeMIlepaTypHOro Gioka Kapkaca 3haHus, T.e. Oe3 ydera
BEICTYHAIOIIMX KOHCONEeH TMepeKphITHi, CllelyeT Ha3HAYaThb B COOTBETCTBHH C
TpeGoBaHusIMH AelicTBytomux HopM npoeKTHpoBaHus.

KoHeTpykumu paccUuTHIBAIOTCS Ha MPOYHOCTH, AeOPMATHBHOCTH W PaCKpEITHE
TpeImuH IpH AEHCTBHU CTaTHISCKUX HArpy3ok. JIMHaMuYeckHe pacdeThl M pacder Ha
BBIHOCJIMBOCTb, KOIZAa OHH HEOOXOIUMBI, BBIIONHAIOTCA CODJIACHO CHEIHATEHBIM

YKasaHUsIM.

2.1 OnpeaeieHHe BHYTPEHHUX YCHIMIA

VYeunusa ciemyer olpenensTh, WCHONB3YS pacdeTHBIE CXeMBI H IPeIIOCHUIKH,
HanboJIee ITOJTHO OTBEeYAOIIHe YCIOBUIM JIeHCTBUTENBHOH paboThl KOHCTPYKIIHH.

B 3aBHCHMOCTH OT YpOBHA H XapakTepa Harpy3oK M BO3JCHCTBHIA,
KOHCTPYKTHUBHBIX OCOOeHHOCTell M ApYrHX (AaKTOPOB PacueT MOXKET BBHINONHATHCA C
Pa3HOM CTENEeHBIO AeTaM3allUY, JONYIIEHUN U YIIPOLLEHHUH.

IlpunumMaeMbie yHpoIIeHHs He IODKHBI NPUBOAUTE K YMEHBLISHMIO YCHIIHI
(HanpspKeHHit) B KOHCTPYKIMAX, a TaKXKe 3aBbIIIATh )XeCTKOCTh 3MaHus.

IIpu BeIGOpE pacyeTHOH CXeMBI-MOJENH CIeAYeT YIUTHIBATD, YTO KaXaas M3 HUX
HUMeeT OIPaHUYEHHYIO 00J1acTh IPHMEHEHU, OTpee/IIeMYIO ITOJIOKESHHBIME B €€ OCHOBY
JomyueHusMH. YeM MeHbIIle TONYIIeHHH, TeM IIHpe 061acTh IPHMEHEHUS MOIeIH.

B kauectBe MeTONOB ompezeNieHUS BHYTPEHHHX YCHIHN TIPeNIararoTcs MeETOX

3aMCHAIOIUX paM U aBTOMaTPI3HpOBaHHLIfI ME€TOJA KOHCYHBIX JJICMCHTOB.
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2.1.1 MeTox KOHEYHBIX 3JIEMEHTOB

2.1.1.1. OcHOBHBIM HalpaBlicHHeM B IIPOEKTUPOBAHUHU, pacyeTe, aHaIuU3e H
YUCJIEHHOM WCCII€ZIOBAaHNH KOHCTPYKLHUI Pa3iMIHOT0 Ha3HAYeHUS SBIFIOTCS CHCTEMBI
aBTOMaru3upoBaHHoro  mpoektupoBanus  (CAIIP). Pacuer  mpocTpaHCTBEHHBIX
KOHCTPYKLIUH, 3MaHUI U COOpY)XeHUIl pa3IuYHOIO HasHAYEHHs CJEAyeT BBIIOIHATH
MeTo#AOM KOHe4HHIX s1eMeHTOB (MKD), ocymlecTBiseMblii ¢ NOMOIIBIO Pa3THYHBIX
mporpaMMHBIX koMitekcos CAIIP.

MKD3 — yucneHHbBIf MeTOJ pellleHHs ypaBHEHUH paBHOBeCHs, IIe HCXOAHAs
o6nacTes ompenmeneHuss (GYHKUMH pa3OUBAaeTCs Ha OTACNbHBIE MOJOGIACTH — KOHEYHbIE
JJIEeMEHTEI, HA MHOXECTBE KOTOPBIX CTPOWTCS IUCKPETHAs MOJENb paccMaTpUBaeMOro
o0bekTa, 0Oe3 oOrpaHWYeHHiI CBOMCTB M JKECTKOCTHBIX XapaKTepUCTUK MaTepHajoB
Hecylmlero kapkaca oOBekTa. HasHaueHme ra0apWTOB KOHCTPYKLMH, pAacUeTHBIX U
HOPMATHBHBIX COIIPOTHUBICHHUN, MOZAyNeH YIPYrocTH MaTepHalloB KOHCTPYKUUHA U
BHEIITHUX HArpy30K MpHHUMAIOT COTIACHO AeHCTBYIOLIeH HOPMATUBHON AOKyMEHTallul B
paMKax IOCTaBJIeHHBIX 3afad. Harpysku, AeficTByrolue Ha KOHCTPYKIMH, MOTYT OBITh
TpUBEINEHB K OSKBHUBAJICHTHBIM PaBHOMEPHO paclpeAeNeHHBIM, JIMHEHHBIM WU
COCpeJIOTOYeHHbIM Harpy3kam. Kpome ofmiero pacdera Mozenn oOBeKTa Ha BCe
BO3MOXKHBIE BHJABl CTATHYECKAX HArpy3o0K, TeMNEpaTypHBIX, Ie(pOpMAlMOHHBIX H
JUHAMHIECKHX BO3ICHCTBHI (BeTep C yIeTOM IyJIbCalldH, celicMUiecKHe Bo3NeHCTBUA U
T.1.) pacyeTHble KOMIUIEKCHl aBTOMAaTHU3UPYIOT psAA IPOLECCOB NPOEKTHPOBAHHSA:
omnpeneNeHre PacdeTHEIX COUYCTAHWH HArpy30K M YCHIIHWH, Ha3HAUeHHE KOHCTPYKTHBHBIX
JJIEMEHTOB, MOJI00P ¥ NPOBEPKA CEIEHHIH.

B cooTBeTcTBHH ¢ WAEONOTHell MeToJa KOHEYHBIX 3JIEMEHTOB, HCTHHHAs ¢opMa
TOJIA TIepeMellleHHi BHYTPH 3JeMeHTa (3a HCKITIOYeHHEM 3JIEMEHTOB CTEPXKHEBOTO THIIA)
MpUOIKEHHO Tpe/CTaBlIeHa Pa3MYHBIMH YIIPOIIEHHBIMH 3aBHCHMOCTIMH. Kaxmprii
XapaKTepHBIE KOHCTPYKTUBHEIM »lIeMeHT (KaKk BHJA HecCylleli KOHCTPYKIHH OOBEKTa)
NIPOCTPAHCTBEHHONH MOJENH OIpPEJENIeTCS THUIMOM KOHEYHOIO 3JIEMEHTa M COCTOUT M3
HEeCKOJNBKUX KOHeuHHIX 3eMeHTOB (K3), u paccMarpuBaeTcs Kak efauHoe Ienoe. Kax

NpaBuIo, GHOIMOTEKH KOHEYHBIX IIEMEHTOB pacyeTHbIX KomiuiekcoB CAIIP comepxat
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crenytomqpe tHrmsl KD: crepens (komoHa, Gajka), TiiacTHHa (CTeHa, Oallka-CTEHKa,
wimTa, obosouka). [lmacTHHYIATEE BIIeMEHTH UMEIOT YHHGHIHPOBAHHYIO IIOCKOCTHYIO
Wi O0BEMHYIO TpHAHTYISIIUKO — TpeyrojbHele KO wumu uersipexyronsHble KO.
KoHeuHBIH 3MeMeHT XapaKTephU3yeTcs KOINMYeCTBOM Y3JIOB M CTEeleHAMH CBOOOIBI
Ka)KIOTO y3I1a.

B pesynbrarte pacuera HanpsHKeHHO-Ie(OPMHUPOBAHHOTO COCTOSIHHUS KOHCTPYKIHH
¢ momompio MKD monmydaeM maHHBIE O TOJNAM IepeMEleHHd W HampsoKeHHH, Mo
3MIOpaM YCHIMH M HpOrHOOB, IO MO3aMKaM pa3pyIleHHs 3JIEMEHTOB, IO ITaBHBIM U
OKBHMBAJIECHTHEIM HANpPKEHASM W JPYTAM [apaMeTpaM, 3aBHCANIMM OT BHEIMIHHUX
BO3JIEHCTBHIH.

MopenupoBanne 0OBEKTOB MOXET OCYIIECTBIATHCA B JHHeiHOMH (ympyroi) u
HeJMHEHHOM (HeyIpyToif) TOCTaHOBKaX 3a/IauH.

Mopens B nuHEHHOH DNOCTAaHOBKE BBHINOJNHAETCA MJIA pelIeHHd 3ajady,
XapaKTepU3yIoIX paboTy MaTepHalla HeCyIIMX KOHCTPYKLH 10 TOCTHKEHHS Tpefena
yOpyrocTd (BeNMYHHA HAIpsDKEHWM, @pH KOTOPBIX He BO3HHKAeT OCTATOYHBIX
IedopManmit), a TakKe B KauecTBe NEPBOH CTaMH pacyeTra JJIs MOXyYeHHS NaHHBIX Ui
JanbHEHIIero HeINMHEWHOro pacdera. Yder Heynpyrod pabGotsl (¢u3myeckas
HEIIMHeHHOCTb) PEKOMEHAYeTCA 3[eCh YIHTHIBATH KOCBEHHO, C MOMOILBIO MOHMKEHHBIX
3HA4YeHUH MOAyNA YNMpyrocTu Martepranos B coorBerctsuH c¢ CII 52-103-2007. Monyns
yupyroctu s KD miuT IpHHEMaeTcs NMOHHKEHHBIM ¢ koad¢muimenrom 0,3 (0,2),
YYUTHIBAIONIMM MOJM3y4YecTh OeTOHa K Hauu4yWe TpelwH. Moayne ympyroctu it
BEPTUKAIBHBIX DJIEMEHTOB NPHHUMAETCS ¢ KosdhduuuentoM 0,6, YUHTHIBAIOLMM TOJIBEKO
MOJI3y4ecTb GeToHa.

MopenupoBanue 30H ONMpPaHMSA IUINTHL IIEPEKPHITHS HA KOJOHHEI W CTEHBI
PeKOMeH/yeTCs BEIMOIHATH C IIOMOINBIO TaK Ha3bIBAEMEIX «aOCONMFOTHO MXECTKHX Tel
(AXT)». Takue smeMeHTH IUIUTBI B MOJIENH 3/aHHSA OTHOCATCA K BEPTHUKAIBHOM
KOHCTPYKILIUH M TO3BOJISIOT KOPPEKTHO YUECTh OIIOPHBIN KOHYD TLTUTEL

MogenupoBasue Gpu3NIecKOl HeTHHEHHOCTH BBINOJHIETCS Ha OCHOBE pacueTHOMN

MOJEINH, BHIMOJIHEHHOM U1l yIpyTroH 3ajaju.
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Pacuer ¢ yderom HenwHelHO# paboTHI MaTepraloB HEOOXOAWMO TPOM3BOIHTH
TONBKO [UIA DPacYeTHBIX Mofeledl ¢ HM3BECTHBIMH IapaMeTpaMH apMHpPOBaHHS H
(bakTHIeCKUMH AedeKTaMy KOHCTPYKLHIA, IPH X HATMYHH.

B cooTBeTcTBUE ¢ KiTaccaMH NPOYHOCTU GeTOHa M apMaTyphl BBOAAT JaHHBIE IO
JuarpamMMam Ae(popMHUPOBaHHA MaTepHaIOB.

JuarpaMmel paGoThl MaTepHaloB 3aJal0TCsi B COOTBETCTBUM C IPOEKTHBIME
KiJaccaMHd MaTepHanoB, COITIACHO HOPMAaTHBHBIM JOKYMEHTaM, a IIpU IIPOBEpKe
CYILECTBYIOLIMX KOHCTPYKIMH 3aJal0Tcs JaHHbIe 0 (aKTHIecKOH IIPOYHOCTH MaTepyalos,
IIOATBEPKACHHBIC pe3ylibTaTaMH O6CJTeJIOBaHI/IH KOHCprKHI/Iﬁ npAMBIMH U KOCBeHHBIMH
MeTO/IaMH.

JuarpaMMsl TeopMUpOBaHKS, BBOJVMEIC B pacyeTHBIN KOMIDIEKC, MOTYT OBITh
Kak KPHBOJNWHEHHBIE, TaKk M KyCOYHO-THMHeHHbIe. [Ipy 3TOM JOIDKHBI OBITH 0003HAYEHEI
OCHOBHBIE TOYKH JUarpaMM — MAaKCHMAajbHbIEé HANpsOKEHHS W COOTBETCTBYIOIIHE
JedopManuM, TpaHHYHBIe 3Ha4yeHUA. B kadecTBe pabouwx nwarpamMM, BBOIMMEIX B
pPacyeTHBIA KOMIUIEKC, MOXHO IPHUHUMATH YIPOLICHHBIE ABYXJINHEHHbIE JUArpaMMBI IO
Tuny guarpamMMm Ilpamarng. Ilpm 3ToM TOuKy AWMAarpaMMbl, COOTBETCTBYIOIIYIO
MaKCHMalbHOM medopManuy apMaTypbl, CJeQyeT IOJHATb OTHOCHTENBHO TOYKH
IepeoMa IBYXJIMHEHHOH AuarpaMMBl Ha BeJIM4MHY, 00pa3yIollylocs HaKJIOHOM BTOPOH
BeTBM JMarpaMMbl Ha yroi, paBHBIA 1-my rpanmycy. KpuomuHelHBIE auarpaMMBI
InedopMupoBaHHA GoOJlee TOYHO OMMCBHIBAIOT COCTOSHHE MATEPUATIOB W  IOITOMY
IpeAnoYTHTENRHEE.

B coortBercTBHH ¢ MHpOpManueil MO apMHUPOBAHUIO, MOJYYEHHON M3 pacyera
YNpYroil MOAENH, BBOAAT AaHHbIE TI0 ApMUPOBAHHUIO SIIEMEHTOB KOHCTPYKIHH JAJIs IEPBOiA
HTEpalliy NpH MPOBECHUH HEIIMHEHHOTO pacyera.

Ilo pesynsTaTaM IepBOM MTepalliF pacueTa IHONy4alOT YTOYHECHHBIC 3HAUCHHS
BHYTPEHHHX YCHIIUH, YTOYHAETCA apMHPOBaHNE U BHIIONHAETCA CIEAYOIas HTepalysl.

KonugecTpo urepanuii npy pellleHUH HETMHEHHBIX 3aa4 3aBHCHT OT KOHKPETHOTO

xoMmruiekca CAITP.
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B xoHEYHOM HTOTe TONTyYaeTcsl KApTHHA BHYTPEHHHUX YCHJIAH U COOTBETCTBYIOIIEE
efi apmupoBanme. Takke BO3MOXHO MONYyYUTH OLEHKY AedHOPMATHBHOCTH
paccMaTpuBaeMO# IUIUTHI MEPEKPBITHS C YYEeTOM HAJMYUsS TPEMH MW MPOYHX
CMOJIETHPOBAHHEIX Ae(EKTOB.

2.1.1.2 Tlo mony4eHHOMY apMHPOBAHHIO CIEAYET BHIMOJIHUTE aHAN3 CIIOCOOHOCTH
pacyeTHBIX ceyeHMH K IMacTHYeckoMy nehOpMHPOBaHMIO M HCKIFOYHTH ONAcHOCTb
pa3pbIBa apMaTyphbl B COOTBETCTBUH ¢ PEKOMEHAALMAMH pazzaena 2.4.

2.1.1.3 B ob0meMm ciy4ae K OCHOBHBIM OCOOEHHOCTAM TIPH MOZETHPOBAHHM
IUTOCKHUX TUINT Pa3iMIHBIX 3aHWl MOXHO OTHECTH: CJIOXKHYIO KOHOGHIYpalHiO B IUIaHe;
HeperyJisipHO PACIOJIOKEHHBIE OMOPHI PA3IMYHOTO CedeHHs — JauadparMa, MHIOHE,
KPECTOBEIE, YTOJIKOBBIC, TABPOBEIE KOJOHHEI, HEPETYISIPHO PACHONOXEHHBIE OTBEPCTHS;
HeperyJsipHble BKIIOYEHHS OallOYHBIX POCTBEpPKOB; IEpEMEHHAs TONIMHA IUIHTSI,
BBI3BaHHAs HEOOXOIVMOCTBIO YCHJICHHUS OIIOPHBIX 30H IUTUTHL B paifoHe KONOHH. BaXxHEIM
($aKkTOpOM SBIAIOTCS BO3MOXKHBIE HEpaBHOMEPHBIE OCAIKH OIOP IUIATHL, OCOOEHHO IJIs
BepXHHUX OTaxel, OOyCIOBIeHHBle He CTONBKO Harpy3Koil COOCTBEHHO Ha IUIATY
paccMaTpUBacMOTO  IEPEKPBITHA,  CKONBKO  HEPaBHOMEPHBEIMH  YKOPOYEHHSIMH
BEPTHUKAIBHBIX 3JIEMEHTOB B 0011 cXeMe 34aHus.

TIpu MonenupoBaHWM cllelyeT ONECHHBAaTh HEPAaBHOMEPHOCTb OCAIKH OIOP
Monenu. IIpu STOM cllemyeT Y4YUTHIBaTh, 4YTO B pe3ylbTaTe BO3BEAEHHA 3HaHHS
HepaBHOMEpHas 0caJKa OIop MO Mepe BO3BEAEHHUS 3MaHHA MPOHCXOIUT OT COOCTBEHHOTO
Beca (3To 50-70% Bcell Harpy3KH) H K MOMEHTY 3aMOHONHYHBAaHHA BEPXHHX 3TaXkeil 3Ta
0cajIKa B 3HAYUTENBHOM CTEIIeHH Y)Ke POU30IUIa. B TeueHHe sKkcIuTyatauuu 3ToT b dext
MOXET YCyryOMTBCS 3a cuerT JjedopMaldili IIOJI3ydYecTH, KOTOpEle B Haubosee
Harpy>XKeHHBIX 3JIeMeHTaxX (KOMOHHBI M IIHJIOHBI IO CPaBHEHHIO ¢ auadparmMamu) OynoyT
IpoTeKaTh Ooslee MHTEHCHUBHO. TakuM 00pa3oM, ocaika OTOpHI AJIsl TMepeKPHITUs OyaeT
Goble B paiioHe KOJIOHH U MAJIOHOB, YeM B paiioHe auadparm.

Ecniu He ymaercss OTCNeOWTh OSTH IIPOLECCHI Ha OCHOBE KOMIIBIOTEPHOTO
MOJeNHUPOBAaHUS 3Tala BO3BeAeHMSA 3JaHHs, a 3aTeM OKCIUTyaTallMOHHBIX CTauif,

Heo0XOIMMO TIPUMEPHO OLIEHUTh BO3MOXKHYIO HEpPaBHOMEPHOCTH OC4IKH OIOp B
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peabHOM 3JaHMH M Ha 3TH BO3AEHCTBHSA NPOW3BECTH pacyeT IUTHTHI MepekphiThi. Ha
OCHOBE OIIBITA MOKHO PEKOMEHIIOBATh TAaKOH IPHONIKEHHBIH IOAXOA: OIpENEIUTh
IepeMelIeHHs ONop U3 YHUCIIEHHOIo pacueTa oOLieil cxeMbl 37JaHHs, a 3aTeM PaccCUuTaTh
IUINTYy Ha pacyeTHbIe KOMOWHAIMK HArpy30K ¢ y4eTOM OCafioK, cocTaBisromux 15-20%
OT OCaJIKH, B3ATOH U3 00LIel NPOCTPaHCTBEHHOM CXeMBI 30aHUA.

Ilpu  MopenupoBaHHWHM  ClleAyeT  YUMTHIBaTh, YTO  MHOTOYHCIICHHBIE
KOMMYHHKALIHOHHBIE OTBEpPCTHS H3MEHAIOT pacueTHyl0 cXeMy IUIHTEL. OtBepcTms
CHIDKAIOT M3TMOHYIO JKECTKOCTD INTUTHI IIEPKPHITHA.

HanGonee Hanps)keHHBIMA MecTaMHM 0e30allOYHBIX TMEPEKPHITHIH  SBISAFOTCS
HA[IOTIOPHbIE 30HBI KOJIOHH ¥ IWIOHOB. 37€Ch HPOHCXOIUT KOHLEHTparus Kak
m3rUGaoOIUX MOMEHTOB, TaK M IONEpedHbIX cHl. I103TOMy OYeHb BaXKHO MPABHIIEHO
OLIEHUTH HalpsDKeHHO-Ie()OPMUPOBAHHOE COCTOSHHE STOH 30HBI C Te€M, YTOOBI, C OJ[HOH
CTOPOHBI, 00ECIIeUHTh HEOOXOAUMYIO IIPOYHOCTB, C IPYroil CTOPOHBI HE IOIYCTHTH
M3JIULIHUX 3aIlacoB, TaK KaK HeOIpaBJaHHOE IepeapMHPOBAaHHE 3TOH 30HBI NPHBEAET K
TPYAHOCTSIM ee OeTOHUPOBaHHUA, IUIOXHM CLEIUICHHEM apMaTypel ¢ OeTOHOM, a
CIIeIOBATENILHO, K OCIABIESHUIO STOH 30HEL.

IIpu nocTpoeHny KOHEYHO-3TIEMEHTHON pacueTHON MOAENH NEePeKphITUA pa3Mephl
M KOHOHIYpalMIO KOHEYHBIX JJIEMEHTOB ClieXyeT 3aiaBaTh HCXOAA W3 BO3MOXKHOCTEH
IpUMeHseMBIX KOHKPETHBIX PacdeTHBIX HMporpaMM M NPUHUMAaTh TakUMH, 4TOGHI ObLIa
obecneyeHa HeoOXOIMMas TOYHOCTh OHPEJIeNeHHs YCHIUH IO ILIOMAAN IUTHT C Y4eTOM
obmero uYucia KOHEYHBIX OJJIEMEHTOB B pacyeTHOM cxeMe, BIHAIOIETO Ha
IIPOAOJDKUTENILHOCTD pacyeTa.

Pasmepsl 1 KOHQUIypaliO KOHEYHBIX 3JIEMEHTOB CIeIyeT 3a/1aBaTh Tak, YTOOBI
pasMepbl KOHEUHBIX 3JIEMEHTOB OBIIM COM3MEPHMBI C pasMepaMH CedeHHs KOJIOHH. B
3TOM cJydae cedeHHs KOJIOHH MOXHO «BIHCATh» B KOHEYHO-3JIEMEHTHYIO CeTKy,
HCTIONB3ys abCOTIOTHO-)KECTKOE TeI0, KOHPHUTYpaIis KOTOPOro COOTBETCTBYET CEUSHHUIO
KOJIOHHEI.

TIpu aBTOMaTHYecKOH TPHAHTYISIHH B OIOPHBIX 30HAX MOTYT 0Opa30OBBIBATHCS

TaK Ha3bIBA€MBIC BBHIPOKACHHBIC KOHCYHbBIC 3JIEMCHTHI (TpeyronLHHe H YCTBIPEXYTOJIbHBIC
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3JIEMEHTHI ¢ GONBIIAM pa3bpocoM pa3MepoB cTOpoH). OnpeneneHHble B HUX MOMEHTHI H
TOIIepeYHBIe CHIIBI MOTYT MMETh 3HAYUTeNIbHBIE OTKJIOHEHHs OT 3Ha4eHHH B COCENHHX
KOHEUHbIX OJJIEMEHTAaX. 3JHa4eHHs YCHJIMH B BBIPOXKICHHBIX JIEMEHTaX CXEMBI
pEeKOMeHIyeTcsl He YYUTHIBAaTh U1 OINPEAENeHUS HaIpshKeHHO-Ie()OPMUIPOBAaHHOTO
COCTOSIHMA MogenupyeMoii KoHCTpyKuuu. OCOGEHHO 3TO KacaeTcs MONEPEYHEBIX, MM
Mepepe3bIBAIOLINX, CHIT, TOYHOCTD OIpeeleHHs KOTOPEIX B METOE KOHEYHBIX 3JIEMEHTOB
B II€peMEIIeHUAX 3HAYUTENbHO HIDKE TOYHOCTH ONpPEeAeNIeHHs H3TUOAIONIMX MOMEHTOB.
Paspemarorneli  ¢yHKIMelf MeToma KOHEUHBIX 9JNeMEHTOB sBIfeTcd  (QYHKIHA
nepemernteHnii. Msrubarommue MOMEHTHI ONPEAENSIOTCS KaK BTOPBIE IIPOM3BOJHEIE OT
HepeMelleHnH, a mepepe3bIBAOIIIe CUIBl — KaK TPeThH Npou3BoAHbIe. [Ipu 3ToM cremyet
YUUTEIBATh, YTO KaX[as MOCIEAyIoUIas MPOM3BOIHAS YXYAUIAeT TOYHOCTH OIpeleTeH s
mapaMeTpa. B 3TOM ciydae pPEeKOMEHIyeTCsl OPHEHTHPOBATECS Ha M3OIONSA YCHIHH,
KOTOpble CIVIAXHBAIOT 3TH OTKIOHEHHSI. B 0c060 OTBETCTBEHHBIX CIIydasX ClemyeT
IpUGETHYTh K IpreMaM (parMeHTAlly ¥ WCCIEA0BaTh HalpsKEeHHO-Ae(OpMHPOBaHHOE
COCTOSHHE y371a Ha OCHOBE JEeTalbHOTO CO3/JaHMsl TPEXMepHOH MOJIeIH y37a ¢ KOHTPOJIeM
TIONyYaeMbIX Pe3ybTaTOB PYYHBIMH CIIOCO0aMH pacyeTa, OCHOBHIBaSICH Ha IpaBHIIaxX

CTPOHTENBHON MEXaHHUKH.

2.1.2 Metoa 3aMeHSIOIINX paM

JaHHBli MeTOX pacyeTa MOXeT OBITh HCIONB30BAaH IPH NPOEKTUPOBAHUH
JKeJe300eTOHHEIX KapKacoB 3/1aHHI, COCTOSIINX W3 KOJIOHH M JKECTKO COEIMHEHHBIX ¢
HUMH IUTUT TTEPEKPHITHIA, IIPH OPTOTOHATBHOM M PETYNSpHOH CeTKe KOJOHH.

IIpocTpaHcTBeHHAass KOHCTPYKUMS I€PEKPHITMS C KOJOHHAaMH pa3zielsiercs
BepTUKATBHEIMH IUIOCKOCTSAMH B JIBYX B3aMMHO IepIeHIMKYIAPHBIX HalpaBlIeHHSX Ha
YCIOBHBIE paMbl, KOTOpEIE BKIIOYAIOT KOJOHHBI M YCIIOBHEIM purems. Pureis
3aMeHsIoedl paMEl, 00pa3yeMblil IepeKphITHEM, UMEET LIMPHUHY, PaBHYIO pPACCTOSHHIO
MeXIY CepeIuHaMH COCETHUX MponeToB (pucyHOK 2.1). B obmeM ciaydae maHHBIH MeTOX

IPUMEHSeTCs IS pacdeTa peGpUCTHIX IEPEKPHITHH, BKIIOYAIOINX GalKu.
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Pucynok 2.1 — Pa3enenue kapkaca Ha 3aMEHSTOIINE PAMBI

1 — rpanwIa YCIIOBHOTO pUreiif; 2 — YCIOBHBIH PUTeNb

Ycumas B 3eMEHTaX paM BBIYMCISIFOTCS [0 OOLIMM MpaBWIaM KakK IS yIPyrux
CHCTEM.

VcnoBHEI purens JoIbkeH ObITh pacCUUTaH:

- II0 TPOYHOCTH U PAacKpBHITHIO TPCNIMH B OIOPHBIX (IO T'paHH KONOHHEI) H
TIPOJIETHBIX CEYEHMSX;

- 110 IPOYHOCTH B IPUOTIOPHBIX HAKIOHHBIX CEUYSHHAX;

- [0 TIPOYHOCTH y371a COTIPSDKEHHUS PUTelIs ¢ KOJMIOHHOH;

- 10 AehopMaITusIM.

PacueT yciioBHOTO pureis 1o HOPMAIBHBIX CEUCHHUAM Ha HEHCTBHE M3THOAroLIero
MOMEHTa BBHIIONHAIOT IIO OOIIMM IIpaBHiIaM pacdeTa JKele300eTOHHBIX KOHCTPYKIHI B
coorsercteuu ¢ CIT 63.13330.2012.

Ilpm pacdeTe YCIOBHEIM pUTeNb pasOendioT Ha HEe3aBUCHUMBIC YYacTKH —

HaJIKOJIOHHYO M TPOJIETHYIO IIOJIOCH (PUCYHOK 2.2).

18



—

N
i
\I%L,/

3
| |

N
N
N
-
N\
N\

NN

S
R
l-J..__.lL_
NN
N
-
H |
|

Pucynok 2.2 — Pa3fienieHue yCJIOBHBIX PHTENEH Ha MOJIOCHL:

1- HaJKOJIOHHAA I10JI0CA,; 2— IIpOJICTHAs MOJIoCa

HapgxonoHHas moioca B CBOIO odepelNh COCTOMT H3 ABYX MOJIYIOIOC, IIAPHHA
KOTODPBIX IPUHHAMAETCS PABHOM:

- pu [1/l,> 1 — [,/4 (I; — mponeT ycIIOBHOTO puUreiis BAOJIb 3aMEHSIIOILEH paMBbl;

I, — paccTosiHme MeXIy OCSIMH 3aMeHSIOLINX paMm);

-tpu [1/L<1-1/4.

IlluprHa mpPOJETHRIX IOJOC IIPUHMMAETCS PaBHOM IIMPUHE MPHIEraloLIero
MPOJIETa, 32 BEIYETOM HAIKOIOHHBIX TIOJIOC.

M3rubatorie MOMEHTHI B YCIIOBHOM pHIese Paclpee/iOTCs B HAJKOJOHHON U
IPOJNETHON IIOJIOCaX B 3aBUCHMOCTH OT PACHOJIOKEHHS KONOHHEI PaMbl, a TaKXKe OT
COOTHOLIeHHs mnonepeuHoro (/) u mpogonsHoro (/;) (BHONB paccMaTpHUBAEMOIO
HaIIPaBJIEHNs YCIOBHOTO PHUIeist) IPOJIETOB MEPEKPhITHSL.

Wsrubaronie MOMEHTHI B HAIKONOHHBIX My M cpefHHX M, mojymomocax

BBIYUCIISIIOT IO popmyIIe:

MK, ‘2

MH(Mc) = Lo+l , (2.1)

rie
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1, L, — paccTOSHHSA MEXIy OCAIMH PacCMaTpHUBAaeMOil 3aMeHSoIlel paMbl U
COCEIHUMH C KaXI0i ee CTOPOHBI;

i — MHJeKC, YKa3bIBaIOIUH paccMaTpuBaeMoe HallpaBlleHHe MOIyNoNock / = 1 uin

K, — k030 dHIuenTs pacnpe/ieNieHAs U3ruOarolX MOMEHTOB B YCIIOBHOM pHIele.
JI1s IpOMEXKYTOUHBIX COOTHOLIEHMUIT MPoIeToB, 3HaueHHe K), TOMycKaeTcs OmpeseNTh 1o
HHTepHoAIUH (Tadm. 2.1).

Tabnuna 2.1 — KoappunueHTs! pacnipefieneHus H3rHOAI0MIHX MOMEHTOB B YCIIOBHOM

purene K,
Ne PacrionoskeHre ce4eHus L/
wn 05 ) 20
1 BHyTpeHHUE Oropb 0,75/0,25 0,75/0,25 0,75/0,25
2 BHemHue onopst 0,9/0,10 0,75/0,25 0,45/0,55
3 Iponetst 0,60/0,40 0,60/0,40 0,60/0,40
IlpuMeyaHHe: HaX YePTOH NPHBEAESHBI 3HAYEHHI K03 (HLMEHTOB 11 HAIKONOHHBIX TOJIOC; N0 YePTOi —
U IPOJIETHBIX

Pacder HOpMANBHBIX CeUeHHI HAJKOJOHHOM ITOJIOCH IPOM3BOAUTCS HA NEHCTBHE
CYMMBI U3TrHOAIOIINX MOMEHTOB, pacipe/IeICHHBIX Ha JIBe MOTYIONIOCHL.

Pacuer HOpPManbHOTO CEYEHHWS CpeNHEH IOJOCH IPOM3BOAUTCA Ha IeHCTBHE
CYMMBbI MOMEHTOB, paclpeAeICHHBIX Ha IBE CMEXHEIC MOYTMOJIOCHL.

Pacder mMpoYHOCTH 1O HAKIIOHHBIM CEYEHHSIM BBIIOJHAETCA JJIA HAAKOJIOHHOM M
IpoJIeTHOH Monoc He3aBUCHMO mo obommM npaBmnam CIT 63.13330.2012. Ilupuna nomoc
BBIUHCIIIETCS. B COOTBETCTBHHU C BEHIMICNPUBEACHHBIMH PEKOMEHIALMAMH [0 aHAJOTHH C
pacueToM 10 HOPMAaJIbHBIM CEYE€HHSIM HA JeiCTBHE H3ruOaroImero MOMeHTA.

Kpome pacuera INIUTHOR 9acTH MEPEKPHITHS, OTACHBLHO BHITONHAIOT PACUET YaCTH
IUTMTE], IPUMBIKAOIIEH K KOJIOHHAM — y3JI0BO€ COeIHHEHMUe.

Pacuer npouHoCTH y3110BOTO COCAMHEHUS BEIMONHAIOT Ha AeHCTBHE H3rHOAIOMIEro
MOMEHTa 10 HOPMAJIbHOMY CEYECHHIO H Ha NPOJABIHBAHHE — IO IMPOCTPAHCTBEHHOMY

CEUCHUIO.
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Pacyer mpoYHOCTH Ha JieHCTBIE M3rHGArONIero MOMEHTA BHITIOIHSFOT U3 YCIOBHS:

Mp < Myy | 2.2)
rae Muit — npenenbHBIA MIrUGAIOMHA MOMEHT, BOCTIPHHHMAEMBIH [UIMTOM ¢ MIHPHHOM,
paBHo#t 3¢ dekTHBHO# mMupHHe purens b,y

3HavueHne H3rubaroIero MOMeHTa BEIYHCISIOT M0 GopMyIte:

Me=yeM (2.3)
rie M — msruGaommii MOMEHT B Y3IOBOM COEIMHEHHH, UHCIEHHO DAaBHEIA CyMMe
MOMEHTOB B OIIOPHBIX CEYEHUSAX TPUMBIKAIOIIUX B Y37I€ KOJOHH.

Koaddumment Yr, YYUTHIBAIOIIMH JJOMI0 MOMEHTA, BOCIPHUHMMAeMOTo ILTUTOI
YCIIOBHOTO PHIelisi, BEIMUCISIETCS 10 (hopMyIie:

1
Yf= —_—2 0151

b:. — yUpHUHa CEUCHUs, B HalIpaBJICHNU JIeicTBUs n3rH6aI0mero MOMEHTA,

b2 — mmpuHa cedenus, B IepHeHAUKYISPHOM HATPABICHUM;
k — xosddumment, npuHEMaeMBIi paBHBIM:

k=10 _ g cpeiHell U KpalWHeH KOJOHHBI NpH JOEUCTBHH MOMEHTA,
MIePIEeHIUKYIIAPHO Kparo TUTHTEI;

k=20 _ g YIIIOBOM M KpailHell KOJIOHHBI IIpH JAEHCTBHH MOMEHTAa,
TapajuieIbHO TUTUTEL.

OddexTnBHas WMpUHA PUTeNIs IPUHUMAETCS PaBHOI:

by = By, + B: — ;na cpenmeii m xpaliHeil KONOHHBI NPW JIGHCTBHE MOMEHTA,
MIePIEeHIUKYIIPHO KParo TUIUTHI;

by = B, + 0,55: — 114 yruoBoii 1 KpaiiHeli KONOHHBI IIPH JEHCTBHHM MOMEHTa,
TapauiebHO Kpar TUTUTEL.

Pacyers1 Bcex iKkene300€TOHHBIX KOHCTPYKIMH CleAyeT IIPOW3BOIWTH B
cooTBeTcTBUE ¢ TpeboBanuamMu ['OCT 27751-2014 «HageXHOCTH CTPOHUTENBHBIX
KOHCTpYKIMH u ocHoBaHui. OcHoBHble mnonoxeHus» u CIT 63.13330.2012. Bce
KOHCTPYKIIHH JJOJDKHBI OBITH paCCYUTAHBI 110!
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- IpeleNbHbIM COCTOSIHUSM TM€pBON TIpyNNbl, NPUBOAAIIMM K IOIHOMH
HEMPUTOAHOCTH 3KCIUTyaTaluy KOHCTPYKIIH;

- IpPEAENBHBIM COCTOSHMSIM BTOPOM TIpyIIbl, 3aTPyAHAIOINMM HOPMAJIBHYIO
3KCIUTyaTallM0 KOHCTPYKUUM WMIM YMEHBIIAIONIAM  [OJITOBEYHOCTH 3JaHUM U
COOpYXKEHHH M0 CpaBHEHUIO ¢ MIpeIycMaTpHBacMbIM CPOKOM CIIY>KOBI.

Kpome obecrieveHus Hame)XHOCTH 3[aHHM WIH COOPYXEHHH B TeUeHHE BCETO
CpoKka UX CHyXObl, HEOOXOAMMO 00eCHeYNTh HAJEKHOCTH BO3BOJUMBIX KOHCTPYKIIHH

IIpHA IpON3BOJACTBE pa60T B COOTBETCTBHHU C TpeGOBaHI/IHMI/I, MpeabABIsIEMbIMU K HUM.

2.2 PacyeT NPpOYHOCTH

Pacder npouHoctu cieayeT BeIMONHATE cornacHo CIT 63.13330.2012.

2.2.1 Pac4eT HOpMAJbHBIX ceUeHHIi HA AeliCTBHE H3IrHGAIOIKX MOMEHTOB

PacyeT KOHCTPYKIMH HO IPOYHOCTH NpPU OeHCTBHM H3rUGAOIMMX MOMEHTOB
clleyeT IPOM3BOJUTE AN CEYeHHH, HOPMAIBHbIX K HX MPOJOJIBHOMN OCH.

Pacuer mo mpoyHOCTH HOPMAIBHBIX CEYEHHH IKeNe300€TOHHBIX JIIEMEHTOB
clienyeT IPOM3BOJUTH Ha OCHOBE HeNHHeHHOH NedOopMAlHOHHONH MOJENH COTNACHO II.
8.1.20 — 8.1.30 CII 63.13330.2012, a Takke Ha OCHOBE mpeAeNbHBIX YCHINM COrMIACHO II.
8.1.4-8.1.16 CI163.13330.2012.

Jns sxene306eTOHHBIX 3JIEMEHTOB, Y KOTOPBIX MpPEeAeNbHOE YCHIIHE IO MPOYHOCTH
OKAa3bIBAETCA MEHBIIE IPeleNIbHOr0 YCHIHA o obpasoBanmio TpemwH (m. 8.2.8 — 8.2.14
CIT 63.13330.2012), nomaap cedeHns: MPOAONBHOM PACTAHYTON apMaTyphl JIOJKHA ObITh
yBeIHdeHa [0 CpaBHEHHIO ¢ TpeOyeMoit u3 pactdera IO MPOYHOCTH He MeHee yeM Ha 15%,
WIH ompefeleHa M3 pacdyeTa IO IPOYHOCTH Ha [JeWCTBHE MPEASNBHOTO YCHIHA IO
006pazoBaHHIO TPEILHH.

Pacyer mo DpOYHOCTH HOPMAIBHBIX CEYEHHH ClieMyeT TMPOM3BOAHTL B

3aBUCUMOCTH OT COOTHOLICHUA MEXAY 3HAYCHUEM OTHOCHUTENBHOM BBICOTHI C:KATOM 30HBI
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x ~
OeToHa ¢ =—, ONpPeNICIIACMBIM U3 COOTBETCTBYIOIIHNX YCIOBAU PaBHOBECUSA, U 3HAYCHHACM
hy

TPaHUYHOH OTHOCHTENbHOH BBICOTHI CXaTOW 30HBI &g, IPH KOTOPOM IIPEJEIbHOE
COCTOSIHHE DJIEeMEeHTa HacTyllaeT OJHOBPEMEHHO C JIOCTI)KEHHEM B PacTAHYTOH apMaType
HamnpsDKeHUs, PaBHOTO PacueTHOMY COIIPOTHBIIEHHIO ;.

3HaueHue & ONMPENENSIOT o hopMyJIe

LT T e 2.5)

T1e €., — OTHOCHTENbHAS Jie(opMaIiys pacTsSHyTOH apMaTyphl IIPH HaNPsDKEHUIX, PaBHBIX

Ry

2.6)

€52 — OTHOCHUTEITBHAS JiehopMaIist CKaToro 6eTOHA NPH HANPSDKEHHUSIX, PaBHBIX Ry,
OpUHHAMAaeMas B COOTBETCTBHM ¢ ykazaHmsamu 1. 6.1.20 CIT 63.13330.2012 mpm
HEMPOIOKUTETEHOM AeHCTBUH Harpy3KHy.

Ilpn 3TOM 3HadeHHe TPAHHYHOH BBICOTHI CXKAaTOH 30HBI OeToHa Oe30aTOYHBIX
MepeKpHITHIA clielyeT Takke ONpeAeNiTh, MCXOAd U3 peKOMEHAAIMH . 2.4 HacTOSAImero
MoCoOHsL.

Pacuet no npouHOCTH ceyeHHi H3rnGaeMBIX EMEHTOB IPOM3BOIAT U3 YCIIOBHS:

M< My, 2.7)
rae

M — w3ru6aommii MOMEHT OT BHEIIIHe# Harpy3Ku:

M,; — mpeAenbHBIA W3rHOAIOIAI MOMEHT, KOTOPBIii MOXeT OBITh BOCIIPHUHSAT
CeueHHEM dIIEMEHTa.

3HaueHne M, A1 H3rHOAEMBIX 3NEMEHTOB IIPSIMOYIOJBHOTO CedYeHHs TIpH

< &, ONpenesoT Mo Gopmyie

M, =Ry -b-x-(hy=0.5x)+ R, - 4] -(hy = a'), (2.8)
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TPY 5TOM OTHOCHTEJIEHYIO BBICOTY CXKaTOif 30HHI X ONPEAEILIIOT N0 (hopMyJie

Rds - Rcd | 2a’
fe s — 2.9)

N
)
h
hy

Pucynoxk 2.3 — Cxema ycunuii 1 3Imopa HanpshKeHHi B ce4eHHH, HOPMAIbHOM K
TIPOJIONBHOM OCH M3rH0aeMoro Xele300eTOHHOTO 3IeMeHTa, [IPU ero pacyeTe 1Mo

TPOYHOCTH

Ilpm pacuere 1O TPOYHOCTH U3rHOaeMBIX 06e30alOYHBIX TepeKpHITHii
pexoMeHzayeTcs cobmonarh yenosue £<0,7&% u £ <0,35.
Ilpu cummerpudHOM apMupoBaHuM, Korga RyA4A, = R -A's, 3HaueHue M,

OIpeeNsIoT o hopMyie
— . _ ’
Mult - Rs As(hO a ) (210)
Ecnu BeiumcnenHas Ge3 ydera c)kaToil apMaTypsl BBICOTa C)KaToi 30HH x < 2a, B

dopmyny (2.10) moncTaBmsmor BMecTo d 3HadeHHe X/2. B moGom ciydae ciemyer
BBINOJIHATE YCIIOBHE &€& , The [ paszen 2.4.
2.2.2 PacyeT HaKJIOHHBIX Ce4eHHi HA fAelicTBHE MONMEPEeYHBIX CHII

Ilpym pacdeTe HaKIOHHBIX Ce4YeHHM MOMKHBI OBITH oOecliedeHbl IPOYHOCTH

JJIEMEHTa IO IOJIOCE MEXXIOYy HAKIOHHBIMH CEYCHHAMH H HAKJIOHHOMY CEYCHHIO Ha
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Jie¥CTBHME NONEPEYHBIX CHII, a TaKXKe MPOYHOCTh TI0 HAKJIOHHOMY Ce4eHHIO Ha JIeHCTBHe
MOMeEHTA.

Pacuer no HakIOHHOMY cedeHHIO Ha AeHCTBHE TONEPEYHBIX CHII IIPOM3BOJAT Ha
OCHOBE YPaBHECHMS PaBHOBECHS BHEIIHHMX CHJN U BHYTPEHHHUX YCWUIIHii, AeHCTBYIOIIUX B
HaKJIOHHOM CE€YEHHH ¢ AnuHON mpoeknun C Ha MPOAONBHYIO OCh dNleMeHTa. BHyTpeHHue,
WNM  BOCHpHUHMMAaeMble, I[IONIEpeYHBle YCHUIMA BKIIOYAIOT MONEPEeYHYIO  CIITY,
BOCIIpHMHMMaeMyl0 0ETOHOM B HaKIOHHOM CE4YeHHH, M I[OIEpeuHylo CHIY,
BOCIIPHHHMMAEMYIO IepeceKarolllell HaKJIOHHOE cedeHMe IolepedHoil apMmartypoil. Ilpu
3TOM IIONlepeyYHble CHIIBI, BOCIPHHHUMaeMble OETOHOM W TIOTIEPEedHOH apMarypoi,
OIPEIeJIIIOT 10 CONPOTHBICHUAM O€TOHA M IOIEPEIHOH apMaTyphl PacTKEHHIO C
Y9eTOM IUIHHEI MpoeKIu C HaKIOHHOTO CEUCHHUS.

Pacuer 10 HakITOHHOMY CEYEHHWIO Ha JIeHCTBHE MOMEHTa MPOU3BOJAT HA OCHOBE
YpaBHEHHS PABHOBECHsS MOMEHTOB OT BHEIIHMX M BHYTPEHHHX CHII, NEHCTBYIONMX B
HaKJIOHHOM Ce4eHHH ¢ ATHHOH npoeknnH C Ha MPOJONBHYIO OCh SIEMEHTA.

MoMeHTEL 0T BHYTPEHHUX CHJI BKIIOYalOT MOMEHT, BOCIpPHHHMaeMBbIH
IepeceKarolllell HAKIIOHHOE CeYeHHE IMPOAONBHOH pacTIHyTOH apMaTypoi, U MOMEHT,
BOCIIpHHHMAeMblil IepeceKalollel HAaKJIOHHOE cedeHue MomepedHoil apMmarypoid. Ilpu
3TOM MOMEHTE], BOCIPHHUMAEMBle NPOAOJIBHON U MONEPEYHOH apMaTypoil, OIpeAeisIoT
IO CONpPOTHUBJCHHUAM IIPONOJIBHON H MOMEpeYHOH apMaTypsl PacTsDKEHHIO C Yy4EeTOM
JUTHHEI Tpoekiuy C HaKJIOHHOTO CEYeHHUS.

Pacuer ke1e300e TOHHBIX 3JIEMEHTOB M0 MOJ10Ce MeKAy HAKJIOHHBIMH
ce4eHHSIMH

Pacuer u3rumbaemMbIx Keine300€TOHHBIX 3JIEMEHTOB IO OETOHHOM MONOCe MEXAY

HaKJIOHHBIMHU CEYSHUSIMH IIPOU3BOMAAT U3 YCIOBHS:
0 <, R, b-hy, (2.11)
rae
Q — pmeiicTByOIIAs TIONIEpEeYHAs CHIa B HOPMAJTbHOM CeUeHHH SIIEMEHTa,;

©p; — Koo uIteHT, NpHHUMaeMbIi paBHBIM 0,3.
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PacueT #xe/1€300e TOHHBIX 3JIEMEHTOB 110 HAKJIOHHBIM CEYeHHsIM HA JAelicTBHE
MONePeYHbIX CHJII
Pacyer wu3ru0aeMbIX DIIEMEHTOB IO HaKJIOHHOMY CE€YCHUIO MPOU3BOLAT U3

ycCl10BHA:

0<0,+0,,, (2.12)

Tae

() — momepedyHas cuia B HAaKIOHHOM cedeHHH ¢ muHOM mpoekimu C Ha
TPOMONBHYIO OCh 3NEeMeHTa, OIpefeisieMas OT BCeX BHEIIHHX CHII, PACIIONOXEHHBIX 10
OIIHY CTOPOHY OT paccMaTpUBaeMOr0 HAaKIOHHOIO CEYeHHs; NPH ITOM YUHUTHIBAIOT
HauboJlee OMACHOE 3arpyXeHHe B Ipeeliax HaKIIOHHOTO CEeYeHNs;

O, — ToTiepedHas CHJIa, BOCIPHHUMaeMasi GETOHOM B HAKIIOHHOM CEe4eHHH;

Oy, — TIONepeyHast Chlla, BOCIPUHUMAaEMasi [TOMEPEYHOM apMaTYpOil B HAKIOHHOM
CeUeHMUH.

Tonepeunyto cuny () OIpeResIoT o hopMyIte

2
9,, R, b-h
0, =% (2.13)

HO IIPUHUMAIOT He Gomee 2,5R,, -b-h, U HE MEHEe 0,5R,, -b-h, ;

0

sz — K03 PULHEHT, NPUHUMAEMBIIf paBHEIM 1,5.

/|

|
fo.
c

PucyHok 2.4 — Cxema ycuiMii Ipy pacyeTe >kelie300eTOHHBIX 31€MEHTOB 110

HaKJIOHHOMY CC€YCHHUIO HA neficTBHe NONMEPEeYHBIX CHUII
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Veumae O, nns nomepedHoif apMaTypsl, HOPMAlbHOH K IIPORONBHOH OCH

3JIEMENTA, ONMPEACIIIOT 0 (hopMyJIE:

Q:w :(psw-qswAC’ (214)
rae
@5 — K03 duIHeHT, npuHUMaeMsiii paBHbIM 0,75;

g5y — YCUIIHE B MOIIEPEYHON apMaType Ha eIMHULLY JUIMHEI 3JIeMeHTa, paBHOE:
Gy == (2.15)

Pacuer mpousBomAT s psma PacmoNOXeHHBIX MO JTHHE 3JeMeHTa HaKIOHHBIX
CeyeHui Tpu Haubollee ONAcHOW JUIMHE NpOeKUUH HakioHHOro cedeHus C. Ilpu stom
JnuHy mpoekuuH C B popMyie npuauMaroT e MeHee 1,0/ u He Gonee 2,0h.

JomyckaeTcs HPOM3BOAMTH pacdeT HAKIOHHBIX CEYeHWH, He paccMaTpHBas
HAKJIOHHBIC CEYCHUS IIPH OINpENENICHWH ITONepEeYHON CHIIBI OT BHEIIHe# Harpy3kd, M3

YCIIOBHUA!
0120410, (2.16)
rae () — IoMepeyHas Cuila B HOpMalbHOM CEYEHHH OT BHEIHEH HarpysKy;

0, =0.5R,,-b-hy; (2.17)

st,l = qxw 'hO . (218)
HpI/I PacIIONIO’KCHUH HOPMAaJIBHOTO CE€YE€HUs, B KOTOPOM YYHTHIBAIOT IIONEPEYHYIO

cuny (), BOIM3M OMODPBL Ha PAcCTOSHUH a MeHee 2,5/, pacdyeT NPOM3BOIAT, YMHOXas

- 2,5
3HaueHuss )y, ompenensieMble 1O ¢opMmyne, Ha KOI(QQHIMEHT, pPaBHBIA , HO

/
alhg

NPHHUMAIOT 3HauYeHue (J;; He 6omee 2,5R,-b hy.

TIpn pacnonokeHHH HOPMANBHOTO CEUSHHs], B KOTOPOM YUHTHIBAIOT IIOMIEPEYHYIO
cuny (1, Ha PacCTOSHHH g MeHee /iy pacueT IpOM3BOIAT, yMHOXas 3HadeHue (O, Ha
KO3 QUIMEHT, paBHbIH a/hy.

TMonepeunyo apMaTypy YIUTHIBAIOT B pacyeTe, CIIH COOMIOAaeTCsl yCIOBHE:

qsw>05 25Ry, b
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MoXHO y4HTHIBaTh MONEPEUHYIO apMaTypy U IIPH HEBBIOIHEHHH 3TOTO YCIOBHS,

€CJIN TIPUHUMATE:
2
O, =40,y hy g, /C. (2~19)
. o s,
Illar momepeyHOil apMaTyphl, YYUTEIBAEMON B pacdere, —- J0/KeH OBITh He
Ay

Spomax Ry, b by
OoJIbllle 3HAYEHHS] ——— = —————.
hg Q

Ilpn OTCYTCTBHMH IOIEpeYHO apMaTyphl WIM HApYIIEHHM YKa3aHHBIX BBIIIE
TpeOoBaHMUil pacueT MPOU3BOIAT, prHUMas yCunus O, i O, 1 PAaBHEIMHA HYJIIO.

BrusiHpe COXUMArOMUX W pacTATHBAIONINX HANPSKEHHUI Mpu pacdere MO MOojoce
MEXJIy HAaKJIOHHBIMH CEYEHWSMHM U [0 HAKIOHHBIM CEUEHHSM CIENYeT YYHUTHIBATh C
TIOMOIIBIO K03 dHIieHTa ;.

3nauenus kodhPUIHEHTA @, IPUHUMAIOTCS PABHBIMH:

1022 npu 0 <6, <0,25R,;
Rb
1,25 npu 0,258, < 6, < 0,75R,,;

5 ,‘/1 _ Gi\‘ npu 0,75R, £ 6, < R;;
Rb )

npu 0 <6, < Ry,

rae

Ocp — CPEJHEE CXKHMAOIIEE HalpsHkeHHEe B GeToHe OT BO3AEHCTBUA HPOAOIBHBIX
Cwl, NPUHAMAEMOE [OJOXUTEIBHEIM. BenuunHy G, NPUHEMAOT KaK CpejHee
HampsDKeHHe B CEHMeHHH dIeMeHTa C YHeTOM apMaTyphl;

O, — CpellHee pacTATHBAolIee HallpsiKeHHe B 6eTOHE OT BO3AEHCTBHS MPONOIBHEIX
CHJI, TPUHUMAEMOE MOJIOKUTEIBHEIM.

Benmunae! Op U G; IPHHUMAIOT KaK CPEIHUC HANIPSDKEHHA B CEYCHHUAX 3JICMCHTOB.
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Jomyckaercs BeNUYHHBL Gy, H O, ONpefesATh 0Oe3 ydeTra apMaTypsl IpH
COZlep)KaHUH POAOJIBHON apMaTyphl He Ooiee 3%, MpHUHUMAsA UX PABHBIMH y /4, Tae A —
IIOMIAAb TOTIEPEYHOTO CEUCHHUS SJIEMEHTA.

Pacuert #xe/1e300eTOHHBIX JIEMEHTOB [0 HAKJIOHHBIM ce4eHHsIM Ha JeficTBHE
MOMEHTOB

Pacuer kene300eTOHHBIX DIIEMEHTOB IO HAKJIIOHHBIM CEYEHHAM Ha JeiicTBHe

MOMEHTOB IPOM3BOJAT U3 YCIOBUS
MM +M_ (2.20)
rae

M — MOMEHT B HaKIIOHHOM CE€UYEHHUH ¢ IMHOH mpoekunn C Ha NMPOAOIBHYIO OCh
3JeMeHTa, ONpeleNsaeMblil OT BCeX BHEIIHUX CHII, PACHONI0KEHHBIX [0 OAHY CTOPOHY OT
paccMaTpUBaeMOro HaKJIOHHOTO CEYeHUsl, OTHOCHTENBHO KOHIIAa HAKIOHHOTO CEYEHHS,
MIPOTUBOIOJIOXKHOTO KOHIy, y KOTOPOrO pacnojaraercsi mnpoBepsAeMas MpoaoibHAs
apMaTypa, HCHBITHIBAKOLIAs PacTsLKEHHE OT MOMEHTa B HaKJIOHHOM CE4EHUH; MPU 3TOM
YUYUTHIBAIOT Haubollee OIacHOe 3arpy)kKeHue B IpefeNaX HaKJIOHHOTO CeUeHHs;

M, — MOMEHT, BOCHpPHHMMAeMBI IPOJONBHOH apMaTypoH, TmepeceKarome
HaKJIOHHOE CEYEeHHE, OTHOCUTEIIFHO IIPOTHBOIMOIOKHOTO KOHIIA HAKIIOHHOTO CEYEHHS;

M,,, — MOMEHT, BOCIpPMHHMAaeMBId IIONEPEYHOH apMaTypoil, mepeceKarmen
HaKJIOHHOE CeYEHHE, OTHOCUTEIEHO MPOTHBOIIOIOKHOIO KOHIA HAKIIOHHOI'O CEYCHU.

MowmeHT M, onpegenstot no hopmyie:

M_=N_-z_, (2.21)
rme

N, — ycunue B IpoIoibHOMN pacTAHyTOH apMaType, IPHHAMaeMoe paBHBIM R4, a
B 30HE aHKePOBKH ompefenseMoe coryacHo 1. 10.3.21-10.3.28 CIT1 63.13330.2012;

Z,— IUIe490 BHYTpeHHeil mapsl CIUT, AoIycKaeTcs IpuHUMaTts Z, =0,94.

MomeHT M,, AnA TmomepedHol apMaTypbl, HOPMAJIBbHOW K TPOAOJBHOW OCH

3JIEMEHTa, ONpeIeIIOT 1o GopMyIte
M, =050 -C , (2.22)

29



rae Oy, — yCHIHE B TIOMEpPeTHOM apMaType, NPHHIMAEMO€e PaBHEIM (,,-C.

Pacuer npoW3BOIAT NI HAKIOHHBIX CEYEHHI, PACMONIONKEHHBIX 10 JUIMHE
3/IeMeHTa Ha ero KOHIIEBBIX yTacTKaX U B MecTax 0OpbIBa HPOAOJIBHON apMarypsl, Ipu
Haubolee OmacHoI JHHe IPOEKIUH HaKIOHHOTO ceueHus C, MPHHUMaeMoi B yKa3aHHBIX
BBIIIE MIpefieNiax.

JomyckaeTcs MpOM3BOJWTH PacyeT HAKIIOHHBIX CEYEHHH, MPHHUMas MOMEHT M B

HaKJIOHHOM Ce4eHMH NpH HHe Ipoekiud C Ha NPOJOJIBHYIO OCh 3JIEMeHTa, paBHOi 2,0

hy, a MOMeHT M, — paBHBIM 0,54, -/ .

N,
0
N
{ AL
_ ,/ & Ve N ' _ o
o
/ ' // 0.
N, O N,
Q@

Pucynok 2.5 — CxeMa ycunuii IpH pacdeTe Kelle300e TOHHBIX 3JIEMEHTOB O

HaKJIOHHOMY CE€YC€HHUIO Ha ZIeCTBHE MOMEHTOB

2.2.3 Pacyer Ha npoJaB/IMBaHHE

Pacuer Ha nponaBnuBaHYe IPOU3BOIAT IS INTOCKHX JKEI€300€ TOHHELIX 3JIEMEHTOB
(mnut) npu JeficTBMM Ha HHUX (HOPMAIBFHO K IUIOCKOCTH DJJIEMEHTA) MECTHEIX,
KOHILIEHTPUPOBAHHO NPHJIOKEHHBIX YCHIUH — COCPEIOTOYEHHBIX CHIIBI M H3THOAIOIIETO
MOMEHTAa.

HpH pacdeTe Ha IPONABIMBAHNE PACCMATPUBAIOT PACUYCTHOE IOIIEPEYHOE CEUYCHUE,

hy

PaclloNIOXKEHHOE BOKPYI' 30HBI Nepenayvud YCI/IJ'II/IfI Ha 3JICMEHT Ha pacCTOSHUU -~
2

HOPMAJIBHO K €ro l'[pO,I[OJ'IBHOfI OCH, IO IIOBEPXHOCTHU KOTOPOTO I[eﬁCTByIOT KacCaTCIIbHbIC
ycuius OT COCPEAOTOUCHHBIX CHIIBI K I/I3FI/I63IOH.I€F0 MOMEHTA.
HeﬁCTByIOH.II/Ie KacaTeJIbHbIC YCHIIHMA IIO IUIOINAAW pPacYeTHOI'0 IIOIEPEYHOro

CeUYCHHUA JIOJIKHBI OBITH BOCIIPUHSTBL GeToHOM C COMPOTUBJICHUEM GeToHA O0CEeBOMY
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PacTsDKEHHIO R),, U NONepeuHoll apMaTypo#i, pacloOXKeHHOH OT IPpy30BOH IIOIAJKYA Ha

paccrosiuuu He Gosee /)M He MEHee ", ¢ pacUETHBIM COMPOTHBIEHHEM PACTSIKEHHIO R,,,.
3

Ilpu neficTBUM COCpPelOTOYCHHON CHITBI KacaTelbHble YCHIHA, BOCIIPHHUMACMEIE
0eTOHOM M apMaTypoil, MIPHHIMAIOT PaBHOMEPHO paclpeiefieHHBIMU IO BCell IUIONIann
PacdeTHOTo MOMEePEYHOro CeUeHNs.

Ilpu neficTBUH W3rHGAOIEr0 MOMEHTa KacaTelbHBIC YCHINA, BOCIPHHUMAaeMEIe
6eTOHOM M MomepevyHOi apMaTypoil, MPHHUMAIOT JIMHEHHO H3MEHAIOLIAMIUCS IO JNUHE
PacYeTHOro MONEPEeYHOTrO CEUeHUS B HANPaBIEeHUH ACHCTBHA MOMEHTa ¢ MAKCHMATbHBEIMU
KacaTelIbHBIMA YCHIIHAMH IIPOTHBOIOIMKHOTO 3HAKa y KpaeB pacueTHOro MONEepedHOro

CEYCHUs B 3TOM HallpaBJICHHUH.

Kononna

Hupamuoa Venosnuotii

npooasaueanus £, PacHemHubIE KOHMYpP
M,
L \ / |
Y V
+ : } M (! +
I . = s 1

M ITnuma

Koaonna

PI/IcyHOK 2.6 — YciaoBHast MOAEIH AJis pacueTa Ha IpoJiaBlIMBaHHe

PacueTHbIlf KOHTYp [OMEPEYHOr0 CEUEHHS MPUHHMAIOT: TIPH PACIIOIOXKECHHH
IUIOM[aIKA Hepejadll Harpy3KW BHYTPH ILUIOCKOTO 3JeMeHTa — 3aMKHYTBIM H
PacHonoXeHHBIM BOKDYT [UIOIIAAKK Ilepefavll Harpy3kd (pucyHok 2.7, a, T), OpH
pacIioyIoXKeHUH TUIOMIAAKA TIepeAady Harpy3KH y Kpas WIH yrjia TUIOCKOTO 3JIeMeHTa — B
BUJie JIBYX BapMaHTOB: 3aMKHYTHIM K PacHOJIOKEHHBIM BOKDYI' IUIOLIAJKH Iepefadu
Harpy3kd, U He3aMKHYTBIM, CIEIYIOLIAM OT KpaeB ILIOCKOro 3JeMeHTa (pHCYHOK 2.7, 6,
B), B 3TOM CIIydae YUUTHIBAIOT HAUMEHBIIYIO HECYIYIO CIOCOOHOCTE MPH IBYX BapHaHTax
PacHoNoXeHHs PaCUeTHOr0 KOHTYpa HOIEePeYHOro CEYeHH.

B ciyuae pacmono)keHHsI OTBEPCTHS B IUIUTE HA PacCTOSHUM MeHee 6/ oT yria

WK Kpas IIIOLIaAKY Iepenaidy Harpy3Ku oo yria Wil Kpad OTBEPCTHS, YaCTh paci€THOTO
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KOHTYpa, PacIloJoKeHHas MeXy AByMS KacaTelbHBIMHU K OTBEPCTHIO, POBE/CHHBIMH U3
LEeHTPa THKECTH IUIOIAAKHY Iepeadl Harpy3KH, B pacueTe He YIUTBIBACTCA.

IIpu neiictBuM MoMeHTa Mj,, B MecTe IPUIIOKEHHS COCPEOTOUEHHON HArpy3Kd
MOJOBHHY 3TOT0 MOMEHTa YYMTHIBAIOT IIPM pacdyeTe Ha IPOJABIHBAHHE, a IPYIyIO
MIOJIOBHHY — IIpU pacyeTe 110 HOPMAaIbHEIM CEUEHHUSIM IO IMpUHE CeYeHHUs, BKITFOYAOMEeH
MIApUHY IUIOLIAAKH Mepefady Harpy3KH U BBICOTY CeYeHHs TUIOCKOTO 3JieMeHTa Mo obe
CTOPOHBI OT IUIOLIA/IKU Iepeiadull Harpy3KH.

Ilpu pelicTBHMM cocpeIOTOYEHHBIX MOMEHTOB U CHIBI B YCIOBHAX TMPOYHOCTH
COOTHOIIEHHE  MeXJAy  JAeHCTBYIOIIMMH  COCPEJOTOUYEHHBIMH  MOMEHTaMH M,
YYUTHIBAGMBIMH TIpH NPOAABIMBaHWM, W NpeAeNbHbIMH M, TpUHAMAOT He Ooiee
[IONIOBUHBI COOTHOLICHHUS MEXIy HOEHCTBYIOIIMM COCPeHOTOYEHHBIM YyCHIHeM [ u
IpeaeNbHbBIM [,

TIpn pacnonoxeHHM COCPEOTOYEHHON CHJIBI BHEIEHTPEHHO OTHOCHTEIHHO
LEHTpa THKECTH KOHTYpa PAcdeTHOTO IIONEPETHOTO CeUeHHS 3HAYSHHS H3THOAFOIMIX
COCPEeOTOYEHHBIX MOMEHTOB OT BHEIIHel Harpy3skd ONpelelsfloT ¢ Y4eToM
JIOTIONTHUTENHHOTO MOMEHTA OT BHELIEHTPEHHOTO TPHIOXKEHHS COCPENOTOYEHHOH CHIIBI
OTHOCHUTENBHO LEHTpPa THKECTH KOHTypa pacdeTHOrO IOINEepPeYHOr0 CEYeHHsI C
TIOJIOXKUTEIBHBIM WM OOPaTHBIM 3HAKOM II0 OTHOIIEHHIO K MOMEHTaM B KOJIOHHE.

Pacuer sneMeHTOB Ge3 TMomepedHOM apMaTypsl Ha MpoAaBiiBaHUe MpH JeiicTBUN

COCPEJOTOYEHHOM CHITBI TPOM3BOIAT U3 YCIOBHS:

F SFb,ulz’

(2.23)
roe
F — cocpemorouenHas cuiia OT BHEIIHEH HArPY3KH,
[y 1 — TIpeaenbHOe ycuire, BOCIIpUHIMaeMoe GETOHOM.
Yeunue Fy, ,;, otipenenstot mo ¢popmye
Fyun = Ry 4y (2.24)
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rae Ab — IUIOIIAJb PACHETHOI'0 IIOIIEPEUYHOI'0 CEYCHHUS, PACMOJIOKECHHOI'O HA pAaCCTOSIHUA

0,5 hy oT rpaHMLEBI MIOMIAIN [IPUIOKEHUST COCPeIOTOYeHHOM cHTbl /7 ¢ pabodeil BEICOTOM

ceuenus A .
6 v ¥ a
7 ! | /l/
AN
2 2 Y [(r)
L \
l_—\__ 1 3 NJ‘
|4 ho'2 = . 4. P = M
X | *~ A < ™ X (X)
=1 _} . —_ 2 \f:_ —_-
| — -+
W TN B
L=
% | L
L, 2 <
Lowx
~]
Yl Y]
2! I 1
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Pucynok 2.7 — CxeMa pac4eTHBIX KOHTYPOB IONEPEYHOI0 CeYeHUs
TIpH IPOJAaBINBAHHH:

a — IJIOIIAJKa MPHIOXKEHNS. Harpy3KU BHYTPH IJIOCKOTO JIEMEHTa; 6, 8 — TO ke, Y Kpas
TUIOCKOTO 3JIEMEHTa; 2 — IPH KPecTOOOpa3sHOM PACIIONOKEeHUH TIOTIepedHON apMaTypEl;
[ — omans NpIIoKeHUS HATPY3KH; 2 — paCYETHEIH KOHTYp MONEePeTHOro cedeHus; 2° —
BTOpPOI BapHaHT PacIONOXKEHHs paCIeTHOrO KOHTYpa; 3 — LeHTp THKECTH pacdeTHOTO
KOHTypa (MecTo NepecedeHus ocei X u Y1); 4 — IEHTp THKECTH IUIOMIAIKH IIPHIIOKEHAL
HarpyskH (MecTo mepecedeHus oceit X u Y); 5 — nomnepeyHas apMarypa; 6 — KOHTYp
pacdeTHOro NoMepedHOro cedeHus Oe3 yueTa B pacyeTe MONepedHoR apMaTypsl; 7/ —

rpasuIa (kpaii) IJI0CKOTo dJIeMeHTa
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Pucynok 2.8 — CxeMa s pacdeTa jkele300eTOHHBIX 3JIEMEeHTOR 0e3 molepedHoH
apMaTypsl Ha IPOJABITHBAHHE:

1 — pacueTHOE HOIEPEYHOE CEYEHHE; 2 — KOHTYP PACUCTHOTO MOMEPEYHOro cedeHus; 3 —
KOHTYD IUIOINAAKU MPIIOKEHHS HATPY3KH

ITnowane 4, onpeaensior mo hopmyiie

Ay =u-hy,

(2.25)
rae

% — NepHIMeTp KOHTypa pacueTHOro TONePeIHOr0 CEeUeHNU

ho — IpuBeieHHAs pabotast BEICOTA CEUEHMS 4, = 0,5(ky, + g, ) ,

31ech Ao, 1 My, — pabouas BEICOTa CeYeHHs IS PONOJBHOM apMaTypEl, Paclo0XeHHO B
HanpaBJeHuu oceit X u Y.
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PacueT aneMeHTOB ¢ IOIlepeYHOH apMaTypoil Ha IpojAaBIUBaHWE HpU AECHCTBUH
COCpeIOTOUEHHOH CHIIBI IPOM3BOAAT U3 YCIIOBHS:

F <F,

bt ¥ Fs

swoult (226)
roe

F, 41— IpeielIbHOE  YCHJIME, BOCHPHHMMAacMoe TIONepeyHOil apMaTypoil IIpu
NIPOJAaBIUBaHHH;

Fy i — IpeieNIbHOE YCHITHE, BOCIPHHAMaeMoe OeTOHOM.

Yeunue F,.n, BOCIPHHAMAaeMOE MONEPEYHOM apMaTypoif, HOPMAalbHOH K
MIPOZIONBHON OCH 3JIEMEHTa U PACIIONOXEHHOH PaBHOMEPHO BIONIb KOHTYpa PacueTHOro
TIOTIEPEYHOT0 CEUSHHMS, OTIPEACISIOT 10 (hopMyIie

F

swoult

= 0.84,, u. 2.27)

rae
g5 — YCUIIHE B TIOTIEPEUHOH apMaType Ha €IMHHIY [UIMHBI KOHTYypa pacyeTHOro
IIOIIEPEYHOTO CeYeHMs, PACITONIOKEHHOM B Ipefienax paccTosHus 0,5/ mo 06e CTOpOHEI OT

KOHTYpa pacdeTHOTO CEUEHMS:
Tow = ) (2.28)

Ag, — IIOMAAb CeYeHUs MONEepPeyHOH apMaTypsl C IIAroM Sy, PacloJOXEHHas B
npenenax paccrosuus 0,54, mo o6e CTOPOHBL OT KOHTYpa PacueTHOTO MOMEPEYHOro
CEeUeHUS 110 IEPUMETPY KOHTYpa PacCueTHOTO IONIEPEIHOTO CEUeHUS;

U — TIepUMETP KOHTYpa pacdeTHOTO MONePeYHOTO CeUCHHS.

Ilpu pacnomoxeHWH IIONEepPEedHOR apMaTyphl HEpaBHOMEPHO IO KOHTYpPY
PacyeTHOro IIONIEPEIHOI0 CEYEHMS, a COCPEJOTOYEHHO y oOcCel INIOMAmKu Nepenadu
Harpysk# (KpecTooGpa3sHoe pacroiokeHHe ITONIePEeTHOI apMaTypHl) IEpPHUMETp KOHTypa U
JUld IOoIepevHOM apMaTypbl IpPUHHMAOT 10 (aKTUUeCKHMM [UIMHaM YJacTKOB
PAcroNoKEHHs. IOoNepevHoH apMaTypel Lg, H Ly, IO pacdeTHOMY KOHTYpPY

IIpOOaBINBaHUA.
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3HavueHue F,,, +7r,,,, NpUHEMAOT He Oonee 2F, . Ilonmepeunyro apmarypy

YIUTHIBAIOT B pacdeTe NpH ', ., He MeHee 0,25F .

3a rpaHHmell paclOIOXXeHHUs ONEPEeYHOM apMaTypsl pacdeT Ha IPOJaBIMBAHNE
MPOM3BOIAT, paccMaTphBas KOHTYP pPacdeTHOTO TOMEPEYHOro CeYeHHsI Ha PACCTOSHUH
0,5h) OT TpaHHIBl PpaclONOXEHHs MONMepPedHol apMmarypsl. Llpu cocpenoTodeHHOM
pacmosiokeHHH MOIepeYHoil apMaTyphl MO OCSAM IUIOIIAAKU Mepeflayd Harpy3ku, KpoMe
TOTO, PACUETHBIH KOHTYP IIOIIEPEYHOTr0 CeYeHHs GeTOHa MPHHHUMAOT MO AWaroHalbHBIM
JVHUAM, CIeAYIOUMNM OT Kpas PacIollodKeHHUs OoIepevHoil apMaTyphlL.

Tlonepeunas apmaTypa HOKHA YIOBJIETBOPATH KOHCTPYKTUBHBIM TpeGOBaHUSM,
npusefieHHEIM B CIT 63.13330.2012. Tlpr HapyIneHWH KOHCTPYKTUBHBIX TpeOOBaHWH B
pacdere Ha TPOAABIMBAHWE CIEOyeT YUMATHIBATHE TONBKO MOHEPEUHYIO apMaTypy,

IIE€PECeKAOIY 0 TUPAMUIY ITPOAABIIMBAHUS, IPUA obecrieyeHnn yCJIOBI/Iﬁ €€ aHKCPOBKH.
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Pucynok 2.9 — Cxema [u1s pacueTa xelle300eTOHHBIX IUTHT ¢ BEPTHKAIBHOM paBHOMEPHO
pacmpezneneHHO IoMepedHoH apMaTypoil Ha IPOJABJIMBAHHUE:

1 — pacueTHoOe momepeyHoe ceueHue; 2 — KOHTYP pacyeTHOTO MOMePEYHOro
cedeHust; 3—IPaHULbl 30HbL, B IIPE/ieIax KOTOPHIX B pacueTe yYHTHIBACTCS MOMEpedHas
apMaTypa;4—KOHTYp PacUeTHOT'0 IIOIEPEeYHOro ceueHus 6e3 yueta B pacyere MOnepeyHo
apMaTypsl; ) — KOHTYP IUIOMIAAKH IIPHIOXKEHUS HATPY3KH

Pacyer 3;71eMeHTOB Ha MpoJaBJHBaHHeE NIPH e CTBHH COCPEIOTOYEHHBIX CHIIbI H
H3raGaoLero MOMeHTa
Pacuer »snemeHTOB 6€3 momepeuHON apMaTyphl Ha NPONABIMBAHHE IIPH
COBMECTHOM JEHCTBHM COCPENOTOYEHHBIX CHJIbI H H3THOAIOLIEr0 MOMEHTA MPOU3BOIAT U3

yCITOBUA
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bate M an (2.29)
rae

I’ — cocpemoroueHHas cuila OT BHEIIHEH Harpy3Ku;

M  —cocpeoToYeHHBI HM3THOAIOMINI MOMEHT OT BHEIIHeH Harpyskd,
YUUTHIBaeMBIi [IpU pacueTe Ha IIpoJaBIUBaHue;

Fy o u My 4, — IpefieNbHBIE  COCPENOTOUEHHBIE CHIA M H3THOAIOUIMiI MOMEHT,
KOTOpBIe MOTYT OBITH BOCIIPHHSATHI OETOHOM B pacdeTHOM IONEPeYHOM CEHYeHHU IPH HX
pa3zienbHOM JeHCTBUH.

B  xemezo0eToHHOM  Kapkace 3HaHWH ¢  IUIOCKUMH  IePeKpHITHAMU
COCPENOTOUeHHBI! M3TrHOArOIMii MOMEHT M, paBeH CyMMapHOMy usrubaromemy
MOMEHTY B C€YEHHIX BepxHell U HIDKHeH KOJOHH, NPUMBIKAIOMIUX K IIEPEKPHITHIO B
paccMaTpUBaeMOM y3Jie.

IIpenensHslil n3rubaromii MOMEHT M), i, OTIpEENAIOT IO POpMyIIe

My =R, W, hy, (2.30)

P oun
rae Wl, — MOMEHT COIIPOTUBJICHUA PACUCTHOI'O IIOIEPEYHOTI'0 CEHYEHU.

HpI/I Z[eﬁCTBHH H3m6a}omnx MOMEHTOB B [IBYyX B3aHMHO IMEPIEHAUKYJSIPHBIX
TUIOCKOCTAX pacyeT NpOU3BOIAT U3 YCIOBUA

F M M,
+ 4 - <1,

M oyewre My un (231)

Fb,x(lr

rae

F, M, w M, — cocpeioTOueHHbIe CHUIa M M3rUOAOIIHe MOMEHTHI B HalPaBIEHHUIX
ocell X' 1 Y, yuuTeIBacMbIe IPH pacueTe Ha NPOAABIMBaHKE OT BHCILIHEH Harpys3KH;

F uits Mpsuit, My wy — IpeTieNBHBIE  COCPEJIOTOYEHHBIE CHIA M H3THbaroye
MOMEHTH B HamlpapleHHAX oceifl X H Y, KOoTopsle MOTYT OBITh BOCIIPHHATH GETOHOM B
PpacYeTHOM MONEPEYHOM CEYSHHH MPH HX pa3felIbHOM JIeHCTBHH.

Veunua M, ., v M, ,;, olpeNelsioT COTIACHO YKa3aHHSAM, NPUBEJEHHBIM BEILIe,

TIPH JeHCTBHH MOMEHTA B IUNTIOCKOCTH oceil X U ¥ COOTBETCTBEHHO.
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Pacuer mpoyHOCTH 3)1€MEHTOB C TONEPEeYHOH apMaTypoil Ha NpOJaBlIMBaHUe TIPH
JCHCTBHM COCPEOTOYCHHOW CHIBI M H3THOAIONIMX MOMEHTOB B JBYX B3aHMHO
MepIeHIUKYIAPHBIX IUIOCKOCTAX IIPOU3BOAAT U3 YCIIOBHS

F M, M,
+ +

M + M

IA
—

F

pune t L

sw,ult

M + M

bx,ult swox,ult by, ult

sw.y.ult (232)

Fyuty My uiy M My, — IpeneNbHBIE  COCpEZIOTOUEHHBIE CHIa M H3rHOaromue
MOMEHTHl B HampaBIeHHAX oceli X ®m Y, KOTOpele MOryT OBITH BOCIPHHATEHI
OETOHOM B pacueTHOM  TOMEPeYHOM  CE€YeHHWH TpH HX  pa3fellbHOM
JCHCTBHH,

Fo uits Mo uit @ My, y, u1e — TIPEZICIIBHBIE  COCPENOTOYEHHBIE CHNIA M M3rHOaromue
MOMEHTHI B HallpaBJeHUAX oceit X U Y, KoTopble MOTYT OBITh BOCIIPHHATHI MTOTIEPEUHO
apMaTypoi [Py UX pa3/ie]bHOM JICHCTBUU.

Venmus Mg,y ¥ Mg,y ., BOCTIPHHUMaeMble MOIEpeYHOH apMaTypoi,
HOPMaJIbHOH K INPOJOIBHOMN OCH 3JIeMEHTa U Pacloyio)keHHOH paBHOMEPHO BIOJTL KOHTYpa
pacueTHOro  CeYeHHUs, OIpeleNfloT MpH  AeHCTBHM  M3rUOaroliero  MOMEHTa,

COOTBETCTBCHHO B HaIlIPAaBJICHUHU oceii Xu Y mo (bOpMyJ'Ie
Msw,ult = 0’8 95w .Wsw’ (233)
3Ha4YCHMA Fb,ulz + st,ulz H M bx,ult +M swoxult > M by.ult +M swoy.ult HpHHHM&IOT HE GO‘Hee 2Fb,ulta

2M s uii, 2Mpy 1y COOTBETCTBEHHO.
B obmeM ciy4ae 3HaYEHHS MOMEHTa COIIPOTHBIICHHA PacieTHOro KOHTypa 6eToHa
IpY NpoAaBIUBaHMH Wy, B HANpaBIEHUAX B3aMMHO NEPNCHIMKYJIAPHBIX oced X u ¥

OIIpeZIeNisIoT 1o hopMyIIe

W _ Ib)r(y) 234
bx(y) — () > ( . )

rae
Ijyy)— MOMEHT MHEPLIHH pacdyeTHOIO KOHTypa OTHOCHTeNBHO ocedl Vi u X,

IIPOXOJALIAX YE€PE3 €ro LUEHTP TAXKECTH,
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X(Y)max — MAKCHMAIIBHOE pPACCTOSHHE OT PAacYeTHOro KOHTYpa JO €ro IeHTpa
TAKECTH;

3HayeHHe MOMEHTa UHEPIUH Ihy, ONPEIENsIoT KaKk CYMMY MOMEHTOB HHEpLUH
Ipx(y)i OTHENBHBIX YJACTKOB PAacUeTHOTO KOHTYpa IOMEPEeYHOTrOo CEYeHHs OTHOCHTEIBHO
LEHTPANBHBIX Ocel, MPOXOAAIHX depe3 IEHTP THKECTH pacdeTHOrO KOHTYpPa, IPUHHMAas
YCIIOBHO IIUPHHY KaXIOTO yJacTKa paBHOI eXUHMUITe.

TTonoxeHne WeHTpa TSHKECTH PacueTHOro KOHTYPa OTHOCUTENBHO BEIOpaHHOH OcH
OTIpenesIoT o (opmyIe

2:Lx.xx(yz)o
W= 2.35
Vo ZL,- > ( )

rae

L;— nnvHa OTAENBHOTO y9acTKa pac4eTHOrO KOHTYpa;

X{¥:)o — pacCTOsHHE OT UEHTPOB THKECTH OTACNBHBIX YYA4CTKOB PAacuyeTHOrO
KOHTYpA 0 BEIOpaHHBIX OCCH.

TIpu pacueTax MpUHUMAIOT HaMeHBIINE 3HATeHUS MOMEHTOB CONMPOTUBIEHUS W),
n Wby .

MoMeHT CONpPOTHBIEHHS pPacdeTHOTO KOHTypa O€TOHa M KOJIOHH KpYIJIOrO

CedYeHHs ONPEIENAIOT 10 GopMyIte

z(D +h)
W= (2.36)
rae DD — muaMeTp KOJMIOHHBL.
3Ha4eHNsI MOMEHTOB COIIPOTHBIICHHS IIOIIEPEYHOI apMaTypsl IIPH TIPOAABIABAHUH
Wiy B TOM Cllydae, KOTHa INOIepeYHas apMaTypa pacIIONokKeHa PaBHOMEPHO BIOJIb

pacueTHOr0 KOHTYpa MNpOoAaBIMBaHHA B MNpElciiaX 30HBI, I'PAHHALBI KOTOpOﬁ OTCTOAT Ha

h

paccToaHNN B KaXOYH0 CTOPOHY OT KOHTYpa NPOAaBIMBAHHWA 6e'r0Ha, MpUHUMAIOT

by
2
PaBHEIMH COOTBETCTBYIOIUM 3HAYeHUAM Wy, U Wy,

Ilpu  pacnomoxxeHum  TIONlepeYHON  apMaTypsl B  IUIOCKOM  3JIeMEHTe
COCPEJOTOUEHHO 10 OCAM TIpy30BOM IUIOMIAAKH, HapHMep IO OCH KOJIOHH
(xpecTooOpazHOe PpacHONOXKeHHe [ONePeYHON apMaTyphl B IEPEKPHITHHM), MOMEHTEI
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COIPOTHBIIEHHS TIONEPEUHOH apMaTyphl ONPEIeINsIOT MO TeM K€ NpaBdiiaM, 4YTO H
MOMEHTHI CONPOTHBIEHHs OeTOHA, NMPHHUMAs COOTBETCTBYIOUIYIO (DaKTHUECKYIO IJIHHY
OrpaHMYeHHOTO Y4aCTKa PAacHOJIOKEHHs MOMEPEYHOH apMaTyphl 10 PaCI€THOMY KOHTYPY

NIPOAABIUBAHUSA Lgyx U Ligyy.

2.2.4. O0mmii coryuaii pacyera NJIOCKOCTHBIX 3JIeMEHTOB IUIHT

B ob6umieM ciydae pacueT II0 HPOYHOCTH IUIOCKHX IUIUT TEPeKpBITHIl clieqyer
MPOU3BOAUTE KaK pacdeT IUIOCKHX BBIJENICHHBIX 3JIEMEHTOB Ha COBMECTHOE HAEHCTBHE
H3THOAONIMX MOMEHTOB B HAIIPaBICHAN B3aUMHO MEPIEHIUKYAPHBIX Oceil U KPYTAIHX
MOMEHTOB, MPHJIO)KEHHBIX M0 GOKOBBIM CTOPOHAM ILIOCKOTO BBIIEIEHHOTO JJIEMEHTa, a
TaKke Ha JAeiiCTBHE NPONONBHBIX M IONEPEYHBIX CHJI, NPHIOKEHHBIX MO GOKOBHIM

CTOpOHAaM ILTOCKOI'O DJICMEHTA.

z

Puc. 2.10 — Cxema ycwmmii, AeHiCTBYIOIIMX Ha BEIIEIEHHBIH UTOCKHUI 2IeMeHT

€IMHUYHOU MHAPYHEI

Pacdyer mnockmx 57eMeHTOB IUIUT BEHITIONHAETCA H3 yC.TIOBI/If;I, OCHOBAaHHEBIX Ha

0600IIEeHHBIX YpaBHEHUSX TIPEASTBHOTO PaBHOBECHS:

(M, =M (M, =M =M >0, (2.37)

xult y.ult

Mx,u/l ZMx; (238)
M, 2M (2.39)

y.ult yo
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M xy,ult 2 Mxy > (240)

rae

M,, M, M, — u3rubaromiye 1 KpyTALI1e MOMEHTHI, JSHCTBYIOIIHE HA BBIIEJEHHEIH
TUIOCKUM 3JIEMEHT;

M, w1, My iy, My i — TIpenieNIbHBlE  M3THOAIONME M KPYTHAIIHE  MOMEHTHI,
BOCIIPHHHMaeMBIe IUIOCKHM BBIIETeHHBIM 3JIEMEHTOM.

3HayeHNs NMpeJeNbHBIX U3THOAIOIMX MOMEHTOB M, B M, i, CTIEAy€eT OnpenensTh
M3 pacyeTa HOPMANBHBIX CEYEHHH, NEpHeHIUKYJIPHBIX ocsiM X u Y, miockoro
BBIZICIIEHHOTO 3JIEMEHTa ¢ IPOAOJBHON apMaTypoi, NapamienbHoii ocaM X u Y, cortacHo
ykazaausam CIT 63.13330.2012. 3naueHuss NpenenbHBIX KPYTSAIIMX MOMEHTOB CIeIyeT
onpenenaTs no 6eToHy My, ,, U IO pacTAHYTOH HpONONBLHOH apMatype M, ., IO
dbopmymam:

M

= 0,1R,b%h (2.41)

bxy,ult
rae b m h —MeHbIWl W GONBIIMIT pasMepsl COOTBETCTBEHHO ILTOCKOTO BBIAEIICHHOTO
3JIEMEHTa,;

M =0,5R (A, +4,)h,, (2.42)

sxy ult
rae A, 1 Ay, —TIoMany cedeHHus POJ0JBHO apMaTypsl B HanpaBiieHHd oceil X u ¥, hy—
pabodast BEICOTa MOMEPEYHOTO CEICHHS IIUTHL.

Ilpu neficTBUH Ha BBIACICHHBIH IDIOCKHH 3JIEMEHT IUIHT TaK)Ke MPOIONBHOM CHIIBI
pacdeT cieayeT MPOHM3BOAUTH W3 YCJIOBHI, OCHOBAHHBIX Ha OOOOLICHHBIX ypaBHEHHSIX

HpeeNIbHOTO PAaBHOBECHS:

N st =N O g = N N2 20 (243)
Nx,ult 2 Nx 9 (244)

Ny,ult 2 Ny 5 (245)

ny,ult 2 ny 5 (246)

rae
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N,, N, u N, — HOpMIbHbIE M CABHTAIOIIHE CHIBI, ACHCTBYIOMHE O OGOKOBBHIM
CTOpPOHaM IUIOCKOTO BRIENIEHHOTO 3IeMEHTa;

Nyuit, Nyuyy 8 Ny, o — TIpeJielIbHBIe  HOPMAJbHbIE M CABHTAIONIME  CHJIBL,
BOCIPUHHMMAaeMBI€ IIOCKHUM BBIAEIICHHBIM 3JIEMEHTOM.

3Ha4yeHns NPERENBHBIX HOPMANBHBIX CHI Nyu M N, ,CleayeT ompelenaTs U3
pacyera HOPMaJBHEIX CeYeHHil, MepIeHANKYIAPHBIX 0cIM X U Y, IIOCKOTO BEIAEIEHHOTO
3JIEMEHTa ¢ BEPTHKAJILHOH M TOPU3OHTANBLHOH apMaTypoH, mapauielbHoi ocaM X u Y,
coryacHo ykaszaHuaM 8.1.14—8.1.19 CIT 63.13300.2012.

3HaueHHs NpeeNbHbIX CABATAONINX CHII CIIEAyeT ONPEAeNATh M0 6eToHY Ny, . U
0 apMaTypPe Ny, uir IO OPMyTaM:

N =0,3R, 4, (2.47)

bxy,ult b

rie A, — pabodast IIONap NONepeYHOro CeueH!sI GETOHA BHIJIETIEHHOTO DIIEMEHTA,

Nsxy,ult = O’SRS(Asx + Asy) > (248)

rae A, u Ay— NIomanp cedeHHs apMaTypHl B HalpaBleHHH oceit X U I B BBIIENIECHHOM
JIIEeMEeHTe.
Pacuet mnockoro BIeNIeHHOrO 3TeMeHTa Ha JeHCTBHE MOIEePeYHBIX CHII CTIeRyeT

MIPOU3BOOUTE U3 YCIIOBHUA:

0 Q,
— 2 < 2.49
0 + <1? ( )

= xoult Qy,ulr
rae

Q. n Q, — onepeyHsle CHUIBI, AEHCTBYIOIME MO GOKOBHIM CTOPOHAM ILIOCKOTO
BBIJICTICHHOTO 3JIEMEHTA;

Qyui M Oy iy — IpeIeTbHBIE  NOIEPEYHBIC CHNEI, BOCIPHHHMAaeMBle IUIOCKHUM
BBIJIEJICHHBIM 3JIEMEHTOM.

3HaueHns MpeacIbHLIX MONIEPEIYHBIX CHJI ONIPEOACIIAIOT MO q)OpMyJIC:
Qult = Qb + st > (250)
rage Qb u Q.,w— NIpeaeIbHBIC ITONMEPEYHBIC CHIIBI, BOCIPHHHUMACMBIC COOTBETCTBCHHO

6eTOHOM U IOIIepeyHoit apMaTypoii i onpeendeMble Mo GopMyam:
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0, =0,5R, bh,: 2.51)

Qg = dyuhy, (2.52)

e g5, — HHTCHCUBHOCTD IIOIIEPSYHOT'O apMHPOBAHHA.
I[onycxae'rcﬂ IPUMEHATh U APYTA€ METOABlI pacHera IO IPOYHOCTH IUIOCKOIro
BBIICJICHHOI'O SJIEMEHTA, IIOMYyYEHHBIE Ha OCHOBC pAaBHOBECHA BHECIIHHX ycnnm‘fl,
neﬁcmyroumx mo GOKOBBIM CTOPOHAM BBICJICHHOT'O 3JIEMEHTA, U BHYTPCHHUX YCI/IJII/Iﬁ B

AUaroHaJJbHOM CEYCHHH BBIACICHHOI'O 3JIEMEHTA.

2.2.5 Pacuer ke1e306€ TOHHBIX 3JIEMETOB HA CMSITHE H OTPHIB

Pacyer kene300eTOHHBIX BIEMEHTOB Ha OTPBIB OT JAeHCTBHA Harpyskw,
IPUIOKEHHONR K €ro HIDKHEH I'paHW WM B TNpejeiiax BBICOTHI €ro CEYeHHs, JODKEH

IIPOMU3BOAUTECA U3 YCIIOBHUA:
hs
F(l--—)< z Rswdsw | (253)
ho

rae
I’ — oTppiBaromasn cuina;
h; — paccTOSHHE OT YpOBHS TMepeladyd OTPHIBAIOLICH CHIIBI HA SIEMEHT JI0 LeHTpa
TSXKECTH CeueHHUs POAOIBHON apMaTyphl;
YRyAs — CyMMa TIOMEpPEYHBIX YCHIIMM, BOCIPHHUMACMBIX XOMYTaMH,

yCTaHaBIMBAaC¢MBIMH JOIIOJHUTEIBHO 110 JJIIMHE 30HBI OTPBIBA, paBHOﬁZ

a=2h3+b, (254)

371ech b — IIHpHHA IIIOIAJKH IIEPeiauyl OTPhIBAIOLIEH CHITEL



<+ 1 L
// r}' N2

Pucynok 2.10 — CxeMa ms pacdeTa sxelie300€ TOHHEIX 3JIEMEHTOB Ha OTPHIB

3Hauenus A, W b yCTAaHABIMBAIOTCS B 3aBHCHMOCTH OT XapaKTepa W YCIOBHH
TPUJIOXEHUS OTPHIBAIOIIEH HArpy3KH Ha OSJEMEHT (Yepe3 KOHCONH, NPHMBIKAIOIIHE
3JEMEHTHI U Jp.).

Pacuer Ha cMATHe B 00meM ciydae CleAyeT BHIIOJHATE B COOTBETCTBHH C

ykazanusamu 1. 8.1.43-8.1.45, CIT 63.13330.2012.

2.3 Pacuer no 3KCIIyaTAIHOHHOI MPHTOTHOCTH

Pacuet no BTOpO#i IpynIe NpeAeNbHBIX COCTOSHUIM ClleyeT BHIIOIHATH COTJIACHO
CIT 63.13330.2012.

Pacyetsl o mpefieTbHBIM COCTOSIHUAM BTOPO# IPYIITBI BKIIFOYAIOT:

- pacuer mo 00Pa30BAHMIO TPEIIHH;

- PacyeT Mo pacKpBITHIO TPEILHH;

- pacuer 1o gedopMarLusiM.

Pacder mo 00pa30BaHMIO TpelH HOPOM3BOLAT, KOIZa HEOOXOAMMO OGECIIEUHNTH
OTCYTCTBHE TPEIHH, a TAKXKE KaK BCIIOMOTATENbHbIH IIPH pacueTe 10 PaCKPHITHIO TPELIUH
¥ 110 ehopMaITHsM.

Ilpu pacuere mo 06pa3oBaHWIO TPEIUWH B LEJIX UX HEAOMyIIEeHHS KOd)DUIMEHT
HafIleXXHOCTH M0 Harpys3Ke NpHHHMAIOT Yy> 1,0 (kak IpH pacdeTe mo mpodHocTH). IIpn
pacyeTe 110 PaCKPhHITHIO TPELMH U 10 AehopMarisiM (BKIIOYas BCIIOMOTATENBHBIN pacyeT

10 00pa30BaHHUIO TPENINH) IPHHUMAIOT KO3(Q(OHUIIEHT HaeKHOCTH o Harpyske y~1,0.
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2.3.1 Pacuer 1o pacKpbLITHIO TPELIHH

Pacuer o o6pa3013aH1/Ho TPEIHH IIPOU3BOIAT U3 YCIIOBHUA:

Mo>M,,, (2.55)
rae

M — n3rubaroImuii MOMEHT OT BHeIIHejf Harpy3KH OTHOCUTENIBHO OCH, HOPMAaIBHOM
K IUTOCKOCTH JeHCTBHMA MOMEHTa M IPOXOJsiueil uepe3 LeHTP TSOKECTH IPHBEASHHOTO
IIOIIEPEeYHOr0 CeYeHHs AIEMEHTa;

M,,. —wsrubatomuii  MOMEHT, BOCHPHHHMAeMBIi HOPMAlbHBIM  CEYeHHEM
5JIeMeHTa TIpH 06Pa30BaHMI TPEIIHH.

JInsi MeHTpabHO PacTSHYTHIX SJIEMEHTOB OOPA3OBAHHE TPEIIMH OTPEHENSIOT W3
YCIOBHS:

N>N,_.,

e

N — mpogonsHOe pacTArHBaroliee YCHIINE OT BHEIIHel Harpy3KH;

N — TIPOAONBHOE PACTATHBAIONIEE YCHIIHE, BOCIPHHHMAEMOE 3IE€MEHTOM IIpH
06pa3oBaHUH TPEILHH.

Pacder ’kene300€TOHHBIX 3JIEMEHTOB NPOM3BOIAT IO HEMPONOIDKHTEIEHOMY H
TPOOIDKATENBHOMY PACKPHITHIO TPELIHH.

HenponomkutensHOe PACKPHITHE TPELIMH ONPEEISIOT OT COBMECTHOTO JICHCTRIS
MOCTOSAHHBIX M  BPeMEHHBIX (IIMTENBHBIX M  KPaTKOBPEMEHHBIX)  Harpysok,

OPOOOJDKUTEIIBHOC — TOJIBKO OT INOCTOAHHBIX U BPEMCHHBIX JNIUTC/IBHBIX HArpy30K.

Pacger mo PacKpBITHIO TPELIUH NIPOU3BOAAT U3 YCIIOBHA:

Qe S oreult: ) (256)
raoe
0re — IIMPHHA PACKPBITHA TPEIIUH OT AEHCTBI BHELIHEH HAarPy3KH,
Qgreuiy — TIPEIENIBHO NOIyCTHMAs MIMPHHA PAcKPHITHS TpelIHH, olpefeieMas Io
ykasanusaM CIT 63.13330.2012 u CIT28.13330.2012.

Hnpusy npogoKHTEBHOTO PACKPHITHS TPEIIHH ONPEAISIOT 10 (hopMyIie
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Aere = erel

(2.57)
a UIMPHHY HEeMPOJOIDKUTENEHOTO PACKPBITUA TPEMHUH — 1o hopMyIIe

a 1+a a

(2.58)

ere = Yere ere2 ~ Yere3 s
rme

a4, — HWIHpHUHa PACKPBITHA TPEIIUH OT IIPOAOJIKUTEIIEHOTO I[eﬁCTBHH IIOCTOAHHBIX
U BPEMEHHBIX JUTUTENBHBIX HAIPY30K;

a,., — LIAPUHA DPACKPBITHS TPEIIHH OT HEMpOXODKUTENBLHOrO JeHCTBHA
TIOCTOSHHBIX U BPEeMEHHBIX (JIUTEeIBHBIX U KPaTKOBPEMEHHBIX) Harpy30K;

a,,.; — MIAPAHA DPACKPBITUS TPEIIHH OT HEMPOIO/DKUTENBHOTO  JeHCTBHS
TIOCTOSTHHBIX ¥ BPEMEHHBIX JUTUTENBHEIX HATPY30K.

Wsrubaroumii  MomeHT M, npu o0pa3oBaHHM TpEeIMH B OOLIEM Ciiydae
ompezensieTcs Mo AepopMalHOHHON MOJEITH.

JomyckaeTcs MOMEHT 00pa3oBaHMS TPEUIWH ONpeleNITh Oe3 ydeTa HEYHPYTHX
JedopManuii pacTaHyToro 6etona, npuauMast W, = W.q.

MoMeHT 00pa30BaHUs TPEIIHH C YI9eTOM HEeyNpyrux aedopMarmii pacTIHYTOrO
6eToHa ONpeeIIAOT B COOTBETCTBHH CO CJIEAYIOMIUMH MONTOKEHUAMH:

- CeueHus Hocie AeOpMUPOBAHUS OCTAIOTCS IOCKUMH;

- BIIIOpY HANpsDKeHWH B CKaToil 30He GeToHa MPUHUMAIOT TPEYTONbHOM (GOpMEI,
KaK IyIs yIIPYTOro TeNa;

- 3IIOPY HAIpPSOKEHHH B pacTAHYTOH 30He OeTOHa MPHHHMAIOT TpamelHeBHIHOM
(GhOpMBI ¢ HaNpsHKEHHWSIMH, He IIPEBBIIAIOIIUMU PacyeTHBIX 3HAYCHWH CONPOTHBICHHA
6eToHa pacTsKEHHIO Ry, ..

- OTHOCHTENBHYIO Je(opMalMio KpaHHEro pacTAHyTOrO BOJIOKHa OeToHa

NIPUHUMAIOT PAaBHOH €€ IpeAeNIbHOMY 3HA4YeHHIO ¢,,,, NPH KPaTKOBPEMEHHOM IEHCTBHH
Harpy3kH; mpH IBYX3HAYHOU 3ITope JeopManii B CEYEHHH SJIEMEHTA &,, ,;, = 0,00015 ;

- HampsHKEeHUs B apMaType HIPHHUMAalOT B 3aBUCHMOCTH OT OTHOCHUTENBHBIX

IedopManmii Kak A yIPyToro Tea.
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MowmeHT 00pa30BaHUs TPEUIHH ¢ yIeTOM HEYIpYrHxX AedopMaruili pacTsHyTOro

GeToHa OIIpeacisoT o (bopMyJ‘Ie
Mc'rc = Rb/,ser 'Wpl N 'ex, (259)

rae

W,;— yIpyrolIacTH4ecKuii MOMEHT COIpPOTHBIEHHS CEUeHHs UL KpaliHero
pacTIHYTOTO BOJIOKHA OeTOHa;

e, — PacCTOSHHE OT TOYKH IPIJIOKEHHUS IPOROIBHOM CHIIBI N (pacloNoXeHHOH B
LIEHTpe TSDKeCTH MpPUBENEHHOTO CedeHMs 3JIeMeHTa) N0 AApoBOil Touku, Hambolee
YIAIEHHOM OT PACTIHYTOM 30HHL, TPEIUHOOOPa30BaHHe KOTOPOH MPOBEPAETC.

3HaK «IUTFOC» MPUHAMAIOT IPY CKAMAIOLIEH MPOIONBHOM ciie N, «MHHYC)» — IIpH

pacTsAruBaroliel CUie.

a 6
€, Gy €y C»
€, e’
s ’ s '
o) S
[ = ~
= M
M N~ |
C = 7
EN
€ i
o T € =
=
o el (¢}
€, s &g :
Epra Rbt,ser Epry Rb{,ser

PucyHok 2.11 — Cxema HanpspKeHHO-1€(POPMUPOBAHHOTO COCTOSIHUS CEYSHHS DIEMEHTA
TIpY TIPOBepKe 0Opa30BaHus TPEIIH IpH AeHCTBUH H3rHdalomero MoMeHTa (a),
U3rubaroLIero MOMEHTa U IPOAOIIbHOHN cuibl (0):

11— YPOBE€HL LHEHTPA TSDHKECTH NPUBEACHHOI'O MMONEPEYHOIO CEUCHUA

J1s npsAMOYTONBHBIX CeueHHit 3HadeHue IV, Ipu JeficTBUM MOMEHTA B INIOCKOCTH

OCH CUMMETPHH JOMyCKAETCS IPUHUMATh PABHBIM
W, =L3W,,, (2.60)
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rae W,.; — ynpyruii MOMEHT CONPOTHBIIEHUS MPUBEEHHOTO CeYeHHS 10 PACTSAHYTON 30He
CEeYeHHS.
MowmenT conpoTtuBnenus W,., 1 pacCTOsSHHUE e, OTPENENAIOT o GopMynam:

Ired Wred
e e = —
red x

Y Areg (2.61)

w

rfe I,.q — MOMEHT HHEPLHH NPUBEACHHOIO CEeYEeHUS 3JIEMEHTa OTHOCHTENIBHO ero IeHTpa
TSDKECTH,
Imd=[ +15~0L+1s oL (262)
L I, I', - MOMEHTHI WHEpIMH CeueHHil GeToHa, pPacTAHYTOH apMaTyphl M CXKaroil
apMaTyphl COOTBETCTBEHHO;
Ajeq — IIOIMATE MPUBEASHHOTO MONIEPEYHOTO CeUeHH IEMEHTa, opeenieMas 1o
dbopmye
A, =A+4 a+4] o (2.63)
o — k03¢ puLMeHT IpUBECHUS apMaTypHI k 6ETOHY:

ES
a=—

s (2.64)

4,4, 4" —IJOMAANA IIOTIEPeYHOro cedeHHsl OeTOHa, pacTAHyTOii M CXKaToi
apMaTypsl COOTBETCTBEHHO,

V;— paccTosHHe OT Hambolice pacTIHYTOro BOJNIOKHA GeTOHa IO LEHTpa THKECTH
IIPUBEACHHOTO [IONIEPEYHOIO CEYEHMS SIeMeHTa

Area (2.65)

3J1€Ch S, oy — CTATUMECKUH MOMEHT ILIOL@J¥ [IPUBEACHHOIO IIONEPEYHOrO CEYeHHsI
3JIeMeHTa OTHOCHTENIBHO Haubollee pacTsAHYTOro BOJOKHA GeToHa.

JommyckaeTcs MOMEHT CONPOTUBIEHHS W, OLIPEAEIATh O3 ydeTa apMaTyphL.

VYcunue N, npu o0pa3oBaHHM TpPELIMH B LIEHTPAbHO PACTAHYTHIX 3JIeMEHTaX
OTIPeIeNIoT o (opmyIte

N =4

cre red'Rbl.ser'. (266)
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Pacuer IIHPAHBI PACKPBHITHS TPELIHH, HOPMAJILHBIX K IPOAOJIbHOM OCH 2JIEMEHTA

IllupuHy pacKphITHS HOPMANBHBIX TpemwH a,., (=1, 2, 3 — cM. 8.2.7)
OIIpe/IeIISIOT 1o (hopMyIIe

< s
a;ra,,=¢1~¢z'¢3~ws~;-ls, 2.67)
rae

G, — HampshkeHUe B MPOJOIBHON pacTSHyToH apMaType B HOPMaJTbHOM CEYEeHHHU C
TPEIIMHOM OT COOTBETCTRYIOIIEH BHEIIHEH HATPY3KH;

l;—6azoBoe (0e3 ydvera BIMSHWS BHIA [OBEPXHOCTH apMaTyphl) PacCTOSHHE
MeX/y CMEXHBIMH HOPMAIIbHEIMY TPEIIUHAMH;

W, — K03 b dUImeHT, YYUTHIBAIOIIIH HepaBHOMepHOe pacmpezencHHe
OTHOCHTENBHBIX AehopManuii pacTAHyTOH apMaTypsl MEAy TPEIIHMHAMH; JOIyCKaeTcs
IpUHUMATh Koabduiment y, = 1;

1 — KO3p(PUIMEHT, YUUTHIBAIOUIMIM IPOJOIDKUTENBHOCTh AeiCTBHS HArpy3KH,
TIPUHUMAEMBIH PaBHBIM!

1,0 — npu HemPOTOKUTETHHOM AEHCTBUM Harpy3Ky;

1,4 — npu NpoIOKUTETFHOM ASHCTBUH HAarpy3KH;

(@2 — KOO QUUUeHT, YYUTHIBAIOIMI  Opoduins  NPONOIBHOM  apMarypsl,
NMPUHUMAEMBI PaBHEIM!

0,5 — s apMarypsr epaoandeckoro npodms ¢ 0,35 < fr* < 0,75;

0,8 — mma rmagkoit apMaTypel;

0,35 — ms apMaTypsl HeprHoudeckoro npoduis ¢ fz> 0,75;

¢3 — Koo HULUHEHT, YYUTHIBAIOIIUK XapaKTep HAIpy)KeHHsd, IpHHHUMAaeMBbIi
PaBHEIM:

1,0 — st 3meMeHTOB H3rHb6aeMbIX U BHELEHTPEHHO CIKATBIX;

1,2 — i pacTAHYTHIX 3J1€MEHTOB.

* fr — cM. pa3men 3.
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3HaueHUs HANPSKEHUS 6, B PACTAHYTOH apMaType H3IHOaeMBIX 3IEMEHTOB

ompenensroT no Gopmyie
=TT %y, (2.68)

rme /,,,.y, —MOMEHT HHepIMM W BHICOTA CXKaToH 30HBI NPHBEICHHOTO IIOIEPEYHOTO

CedeHUs dJIeMeHTa, ONpeiesieMble ¢ YYeTOM IUIONIAJH CEeYeHHs TONBKO CXKaToU 30HEI
GeToHa, IUIOLIafled CEUYeHUS PacTAHYTOX M C)KaToOH apMaTyphl COIJIACHO, NIPHHAMAas B
COOTBETCTBYIOIIUX (popMyNax 3HaueHHs Koa¢QuileHTa NpyuBeIeHNAs apMaTyphl K GeTOHY

o

o

52 sl

I[J'ISI H3rH0aeMBIX 3JIEMEHTOB Y.=x , TA€ X — BBICOTa CXKaTOM 30HBI OeTOHA opua

R
I

Gy

3HaveHre KO>PQHUICHTa TPUBEASHUS apMaTyphl K OETOHY 0, OMPEeAeidioT 10

bopmyie

0, =—— (2.69)

E b,red
rae  Ej,.s— NPUBEACHHBIH MoOAynb AedopMalu cKaTtoro OeToHa, YYUTHIBAIOILHIH
HeyTpyTHe qedopMalny cxatoro 6eToHa U onpefesieMslii o Gopmyie
R b.n
Ey rea = . (270)
€p1.red

OtHocutenbHyo AehopMallito 6eTOHa €, . IPUHAMAIOT paBHoit 0,0015.

JomyckaeTcs HapsKeHNe O ONpenelisiTh o GopMmye:

o, = .71

TAC z, —PpaccTOsdHHEe OT LEHTPa TAKECTH paCTHHyTOﬁ apMaTtypbl 10 TOYKU MMPUJIOKECHUA

PaBHOIEHCTBYIOILIEH YCHIIHIA B CXKAaTOM 30HE DICMEHTA.
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Pucynok 2.12 — CxeMa HalpsxeHHO-1ehOPMUPOBAHHOTO COCTOSIHUS DIIEMEHTA C
TpeIIMHAMH MPH JefCTBIY U3rHOAI0IIEero MOMeHTa (a, 6); u3rubaroniero MoMeHTa u
IIPOAOIBHOM CUIIEI (B):

1 — ypoBeHB LeHTpa TAKECTU IPUBECHHOTO TONIEPETHOT0 CeUeHHs

,I[J'[}I 3JIEMEHTOB IIPAMOYT'OJIBHOT'O IMMOIIEPEIHOI0 CEYCHUA IPU OTCYTCTBUH (HJII/I Ge3

y4eTa) C)KaToi apMaTypHI 3HaUeHHe 7z, OIPeNesLIoT o (hopMyJie

zy=hy == (2.72)

Jns 3neMeHTOB IPSMOYIOJBHOTO, TaBPOBOrO (C MOJKOH B CXaToil 30HE) u
IBYTaBPOBOIO IIONEPEYHOIO CEYEHMs [OIMYCKAeTcs 3HAa4eHHe Z, INPHHUMATh PaBHBIM
0,8k, .
Ilpu neficTBuM M3ruGaOIIeTo MOMEHTa M U TPONONBHOM CWIBI N HampsKeHHe

6, B PaCTAHYTOH apMaType OIpeReIoT o $popMyIie

[ - 1
5S=‘Mi Al S (2.73)

|_ ]red Ared J
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rae 4,.,.y, — IIoIa/b IPUBEJEHHOIO NOINEPEeUHOro CEeYeHHs JJIEeMEHTa U PacCTOSHUE OT
Haubollee CKaroro BOJNOKHA OeTOHa OO LEHTpa THKECTH NPUBEIEHHOTO CeyeHHS,
omnpezensemMple IO OOLIXM IPaBHIaM PacvyeTa reOMETPHIECKUX XapaKTEePHCTHK CedeHHit
VIIPYTHX 3JIEMEHTOB C YUETOM IUTOIIAIN CeUeHHs TONBKO C)KaToit 30HEI 6eTOHa, IUolanet
cedyeHHs pacTSIHyTOM U cCxarToil apMaTypbl, HpHHUMas Kod3()(UIMEHT IpHBeAeHU]

apMaTypbl K OETOHY ¢ .
JomyckaeTcs HalpsDKeHHe 0, OIPeAeNndTh 1o GopMyie

N(e,tz))
G, =—"—

s

PR (2.74)

5 K

TO€ €, — pacCTOAHHEC OT LCHTpa TAXKCCTH paCTHHyTOﬁ apMaTypbl 40 TOYKH IIPHIOXKCHUA

IPOIOJIBHOM cHIEl N ¢ y4eToM 3KCIIEHTPUCHTETa, paBHOTO 2.
N

JU1s 37IeMeHTOB MPSMOYTOMBHOTO CeUeHHs JOIycKaeTcd 3HaueHue 2z, IPUHEMATD
paBHBIM 0,7k,

3HaK «IUIIOC» TP OIpeJeNleHUM o, INPUHUMAIOT IPU PAacTATMBAIOLICH, a 3HaK
«MHHYC» TIPH CXKUMaIOIIeN IpOJOIBHOMN che.
Hanpsoxenus o, He JOIKHBI IPEBHIIATD K .

3naueHus 6a30BOro PacCTOSHUSA MEX Iy TPEIIMHaMu /; onpeIeNsIoT o Gopmyie

4
I =05t g

s i s

A (2.75)
1 IpuHUMaIoT He MeHee 10d, u 10 cM u He Gonee 40d; u 40 cM.
3nech
Ap; — IIOIWANE CEUeHHS PacTAHYTOTO GeTOHa;
A — nIoIaas ceueHus pacTiAHyTOM apMaTyphbl;
d; — HOMUHANBHBIH TUaMeTp apMaTyphl.
3HaueHNs A ONpeneNdIOT IO BBICOTE PACTAHYTOW 30HBI OETOHA X, HUCIONB3YA

IIpaBUJia pacyeTa MOMEHTa O6paBOBaHI/I$I TPpEIIUH COINIaCHO YKa3aHHUAM BBILIIC.
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B moboMm ciryvae 3HadeHue A, MPUHAMAIOT PABHEIM IUIOWIAAKM CEYCHHS TPH e
BBICOTE B Ipefieliax He MeHee 2 u He Gomee 0,5/ .
3HaveHHs KOG PUIIHEHTA W, ONIPEeIIIOT 110 (hopmyiie

vl (2.76)

[}

s

rae

Oy cr — HALIPSDKEHHE B IPONOJBHOM pacTAHYTOH apMaType B CedeHHHU C TpPEIUHOI
cpasy mocie oO0pa30oBaHHA HOPMANBHBIX TPEIINH, NPHHAMAs B COOTBETCTBYIOIIHX
dopmynax sHauenus M = M,,.;

G; — TO K€, IIPH NCHCTBUHU PacCMaTPUBACMON HArpy3KH.

Jins  wu3rubaeMbIX DSJIEMEHTOB 3Ha4deHWe KodhduumeHTa VW, JHOIMycKaeTcs

OTIpeneNATh 1o hopmyiie

MC‘)‘C
Y, =1-08.— 2.77)

2.3.2 Pacuer no aepopmManusam

PacueT 351eMeHTOB ke1€300eTOHHBIX KOHCTPYKIHE Mo AedopMaIisaM pou3BOAIT
€ Y4eTOM SKCIUTyaTal[MIOHHBIX TPeOOBaHMiA, IPeIbABIAEMbIX K KOHCTPYKIIHAM.

Pacger 1o medopManusaM ciieyer Mpou3BOANTE Ha JIEHCTBHE:

- TIOCTOSHHEIX, BPEMEHHBIX JJIHTEJIBHBIX M KpPaTKOBPEMECHHBIX HAarpy3oK IpH
orpaHHuYeHHH AePOpPMAIHii TEXHOJIOTHIECKIMH WIH KOHCTPYKTHBHBIMH TpeGOBaHIAMH;

- TOCTOSHHBIX M BpEMEHHBIX JIMTENBHBIX Harpy3oK IIpH OrpaHU4eHHH
JedopManuii 3cTeTHIeCKUMHU TpeOOBaHUAMH.

3HadeHHs TpeAeNbHO MJOMYyCTHMEBIX JAedopMamuii 3JIeMEHTOB IPUHHMAIOT
cormacHo CIT 20.13330.2016 u HOpMAaTHBHBIM JOKYMeHTaM Ha OTHEJbHBIE BHMBI
KOHCTPYKLIHH.

Pacuer xkene300eTOHHBIX 3JIEMEHTOB IO TIPOrHOaM MPOU3BOAAT U3 YCIOBUS:

F<fu, 2.78)
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rae

f— poru6 xene300eTOHHOIO BIIeMeHTa OT AeHCTBHS BHEINHEH HArPY3KH;

Juit — 3HAYEHHE NPEJENBHO AOMYCTUMOTO MPOrubda Kene300e TOHHOrO DJIEMEHTA.

ITporu6pl Kene300eTOHHEIX KOHCTPYKIHM ONpeNeNsfoT MO OOmMM TpaBHiIaM
CTPOHTENBHON MEXaHWKA B 3aBACHMOCTH OT HW3THOHBIX, COBHIOBBIX H OCEBBIX
JedopMalMOHHBIX XapaKTEPUCTHK Kelle300eTOHHOTO 3JIeMEeHTa B Ce4eHHAX M0 ero JTHHe
(KpMBH3H, YTJIOB CIBHUTa H T.J.).

Jns u3ruGaempix 3JIEMEHTOB HOCTOSHHOIO MO IJHHE 3JeMeHTa CedeHHs, He
HMEIOIINX TPEIHH, MPOTHOBI OTPEIENSIOT O OOIIMM MpaBUIIaM CTPOUTETHHOH MEXaHHKU
C MCIOJIB30BAHUEM JKECTKOCTH MOMEPEYHBIX CeYeHHA — 1.

TlonHyI0 KPUBH3HY U3THGAEMEIX AIEMEHTOB ONPEAENAIOT 0 GopMyiam:

- JUTSL y9aCTKOB 0e3 TPEIUH B PACTSHYTOH 30He

{ERCE

N | =

1 1 o
rae [ —] s [ —J — KPUBU3HBI COOTBETCTBEHHO OT HECINPOAO/DKMTCIBHOIO JOCHCTBHUA
" 2

r

KpaTKOBPEMEHHBIX HAarpy30K H OT TMPOJOJDKUTENFHOTO MOeHCTBHUA IIOCTOSHHBIX H
BPEMEHHBIX JUTUTENBHBIX HAarpy3o0K;
- U1 yYacTKOB C TpelllMHaMHU B PacTAHYTOH 30HE:
1 (1 1 1
Ly (1 +(_\ . (2.80)
P O A V5 R WX

rie

r

1 N .
(—} — KpHBH3HA OT HENPOAO/DKUTEIBHOTO JIEHCTBUS BCEH HArpy3Kd, Ha KOTOPYIO
1

MPOU3BOASAT PacdeT Mo Ae(opMaImiM;

1 "
{—} — KpHBH3HA OT HEIPOJOJDKUTENIFHOTO NeiCTBUA MOCTOSHHBIX H BPEMEHHBIX
2

r

JUTUTEJIBHBIX Harpy3ok;
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1 o
(—} — KpHBH3HA OT IIPOJOJDKHUTEIBHOTO AEUCTBUA IIOCTOSHHBIX N BPEMEHHBIX
3

.
JUTHTENIbHBIX Harpy3oK.

KpuBH3HY %ee306eTOHHEIX 2IEMEHTOB L oNpenensor no Gopmyie

M (2.81)

rae M — u3rubaroIiii MOMEHT OT BHEIHeH Harpy3KH (C y4eTOM MOMEHTa OT POIOJIBHON
cuibl N) OTHOCHTENBHO OCH, HOPMATBHOH INIOCKOCTH JeHCTBUS U3rHOaoIero MOMeHTa 1
Ipoxonsmeli yepe3 LeHTpP TSHKECTH MPUBeIeHHOTO NONEePeTHOro ce4eH s AIeMeHTa;

D — m3rubHas ’KeCTKOCTh IPUBEAEHHOTO MONEPEYHOTO CEYEHHUS IEMEHTA:

D=Ey 1, , (2-82)
raue

Ey —Mopynme medopmarmu cxxatoro O6eroHa, ompeAenseMblii B 3aBUCHMOCTH OT
IPOJOKUTENFHOCTH NEHCTBHS Harpy3KH M C y9€TOM HallM4Yus HIIA OTCYTCTBHSA TPEIIMH;

1,ca—MOMEHT MHEpIHMH NPHUBEAECHHOIO MONEPEYHOro CeYeHHs OTHOCHUTENIBHO €ro
HeHTpa THKECTH, ONpeesieMblil ¢ yIeTOM HalW4Ks WIM OTCYTCTBHS TpelliH.

Mowment wuHepiun I, IPHUBENEHHOIO IIONEPEYHOTO CEYEHHUs SIIeMEHTa
OTHOCHTENBHO €r0 IIEHTPa TSIHKECTH OIMpelelIOT KaK s CIUIONIHOTO Tejia 1o OOImM
IIpaBH/IaM COIPOTHUBIEHUS YIPYTHUX 3IIEMEHTOB C YUeTOM Beell IUIoIany cedeHns OeToHa
W IUIOLIa/Iel cedeHns apMaTypbl ¢ KOG (QUIUEHTOM NpHBEIeHUS apMATYPbI K OeTOHY o

Loy=I1+I,-a+I .o, (2.83)
rae

I—MoOMeHT wHepuuH OETOHHOTO CEYCHMsI OTHOCHUTEIBHO LIEHTpPA TKECTH
IIPUBEJCHHOI'O MOMEPEYHOI0 CEYEHUS DIEMEHTa;

I, I'y — MOMEHTBl WHEpPUHH IUIOIaAel CeueHHA COOTBETCTBEHHO DPACTIHYTOH H
CKaTOM apMaTyphl OTHOCUTEIBHO LIEHTpa TSKECTH NPUBEAECHHOrO MOIepeyHoro cedeHus

3JIEMEHTA;

o — K03 PULKEeHT NpUBeAeHNs apMaTyphI K GeTOHY,
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o=t (2.84)
Ebl
3HaueHue ! OIIpeaCIAIOT 110 06IIII/IM npaBuJiaM pacyeTa TEeOMETPUUCCKHUX

XapaKTEPUCTHK CEYCHHUH YIPYTHX JIEMEHTOB.

JomnyckaeTcs onpeaeniTs MOMEHT UHepIHH I,.; Oe3 ydeTa apMaTypel.

3HaueHus Moayis JedopManiuu 6eToHa NPUHUMAIOT paBHBIMHU:

IIpY HEMpOJOIDKATENIHOM JEHCTBHH Harpy3ku £, =0,85-E, |

o E
[P OPOAODKUTENEHOM JeHCTBUM HArpy3KU E,, = £, = —t—
T+o,.,

Tae Op . — KO3QHHUIHEHT HON3ydecTH GeTOHA.

BBuny TpynoeMKocTH pacieTa AedopMaluii KOHCTPYKIME, TOe B pacTAHYTOMH 30He
HMEIOTCS. TPEINHEI, PeKOMEH/IyeTCsl PUMEHATh JJIs pacdera MPOrpaMMHBIE PACUETHEBIE

KOMIUIEKCHI, IO3BOJISIIOIMIME METOAOM KOHEYHBIX 3JIEMEHTOB BBINOJHHUTh HEJIMHEHHBIN

pacuer.

24 Metoanka OLIEHKH cNocoOHOCTH K IUIACTHYEeCKOMY
AeopMHPOBaHHIO  PacdYeTHBHIX CeYeHHiiT H  BbIOOp PaNHOHAILHBIX

KOHCTPYKTHBHBIX pemeHm‘z'l 0e302JI0YHBIX KeJ1e300eTOHHBIX l]eperLlTHﬁ.

Pazpyiienrie MOHONHUTHEIX JKeIe300¢TOHHEIX MEePEeKPHITHI 3JaHUil U COOpYKeHHIH
TIPOUCXOJIAT, B OCHOBHOM, NPH ACUCTBUY aBapUIHBIX BO3AE€HCTBUI Ha CTaIM BO3BEACHUS
KOHCTPYKIMH WJIH MX SKCILTyaTal[HH.

K aBapuifHEIM BO3JCHCTBUAM OTHOCATCS He IPEeIyCMOTPEHHBIE MPOEKTOM
KpaTKOBpeMEHHbIE BO3IeHCTBHS TEXHOJIOTUIECKOT0 XapaKTepa, Harpy3KH 00yCIIOBIICHHBIE
HECaHKIIMOHUPOBAHHON PEKOHCTPYKIMEH IOMENEHUH M 3JaHHUi B LIEJIOM, IPUPOIHEIE
CTUXMHHBIE YyJapHBIE CHJIOBBIE BO3IEHCTBHS OT BeTpa, BOJH I[yHAaMH, pacueTHbIe
CHUTYyalli¥ BbI3BaHHEIE CefiCMIIeCKIMH KOJIeOaHUSAMH TPYHTA, B3pEIBAMH OBITOBOTO Ta3a M
T.IL

Hau6omnsliyto 0IIacHOCTh IPEACTABIAIOT aBapHiiHble BO3JEHUCTBHS, BHI3BIBAIOIINE

ycuins B pacHuCTHbIC CCYCHHAX IIPCBBLIMAIONINE IIPECAYCMOTPCHHBIC PACUCTOM. B stom
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clydae Hecymas CHOCOOHOCTh cedeHMH oOecmedmBaeTcsi pe3epBaMH IO HPOYHOCTH,
Ha3HA9aeMBIMH TP NPOSKTHPOBAaHHHU, a TAKXKe ONpeleNaeTcs HX CIOCOOHOCTBIO K
IUIACTHYECKOMY J1e()OPMUPOBAHUIO.

B craTH4ecKkH ONpeAeNUMEBIX KOHCTPYKTHUBHEIX SJIEMEHTaX NepeKpHITHit
CIHOCOOHOCTh pacyeTHBIX CEYE€HW K IUIACTHIECKOMY JieOpPMHPOBAaHHIO MOXKET
obecrieynTs 0e30MacHOCTh KOHCTPYKIHH TONBKO B Cliydae KpaTKOBPEMEHHOTO
JUHaAMHIEeCKOTO aBapUIHOTO BO3MIEHCTBHA 3a CHET AWCCHIANNH (PacCesHHs) PHEPTHH, B
CTaTUYeCKH HeOoNpeJelMMBIX CHCTeMaX IpH CTaTHYeCKOM HarpyXXeHHH 3a Cc4YeT
Tiepepactipe/ielieHuss YCHUIHid, a Takke JUCCHTAlHA DHEPTHH TPH BHEIIHEM aBapHHHOM
JVHAMUYECKOM BO3/IEHCTBHUH.

B coorBerctBum ¢ TpeboBammamu T'OCT 27751-2014 «HapexHocTb
CTPOUTENBHEIX KOHCTPYKIMH W OCHOBaHMH. OCHOBHBIE IOJNOXEHHS» W OCHOBHBIX
HOPMATHBHBIX JOKYMCHTOB IIO NPOCKTHPOBAHHUIO JKelle300eTOHHBIX KOHCTPYKIWH IUIsA
TOBBIIIIEHNS WX O€30MacHOCTH TIPH pa3HYHBIX BHAAX BHELIHHX BO3JICHCTBUI
Heo0XoMMO 00ECIIeYHTh BO3MOXHOCTh ILIACTHYECKOTo Ae(OpMHUPOBaHHS PacUEeTHBIX
CeUeHHi OCHOBHBIX HECYIIMX 4YacTell 3HaHHA M B MEPBYIO Odepenb T'OPU3OHTAIBEHO
PacHoI0KEeHHBIX KOHCTPYKTUBHBIX SIEMEHTOB (0allOK, IUIHT).

IInactuyeckoe gedopMHpoBaHWE pacdeTHBRIX CEYCHMI  JKele300eTOHHBIX
2JIEMEHTOB TIOCTe JOCTIKEHHU B PacTAHYTOU apMaType AedopMaruii, COOTBETCTBYIOMINX
mpeAeNy  TeKy4ecTH, o0ecleduBaeTcs, B  OCHOBHOM, WX TeOMETPUYECKHMHU
XapaKTepPUCTHKaMH, a TakkKe IUIaCTHIeCKUM AeOpMHUPOBAHHEM PACTSHYTOH apMaTypel.
Bennunapl mmacTuueckux AedopMamuii  apMaTypbhl B 3TOM CJIy4ae JOJDKHBI OBITh
OTpaHW4YeHbl C OJIHOW CTOPOHBI NpeJeNbHBIMU Jie(hopMalUIMH, HCKIIOYAIOUIUMH ee
pa3pelB U, ¢ Apyroii, mehopManmsiMH PacTKCHHS apMaTYphl B pacueTHOM CEYCHUH,
MpeJOTBPAIIAIOIAME  NIpEeKAEBpeMeHHOe pa3pyllleHHe O0eToHa c)kaTod 30HBI H
Ha3sHA9aeMBIMH B COOTBETCTBHH C TpeOOBaHHAMH II0 OOECHEeYeHHI0 BO3MOXKHOCTU
nepepacrpe/icieHlss yCWIHA B CTAaTHYECKH HEONpeNeNIUMBIX CHCTeMaxX, WIH XKe
OUCCHUNAIMM DSHEprHH BHEIIHero JWHAMUYeCKOro BO3IEHCTBUA MNpH aBapHIHOM

Harpy>xeHHH.
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TakuM 00Opa3soM, IpH IPOEKTHPOBAaHHH JKeNe300ETOHHBIX KOHCTPYKIIHI

6e36a109HBIX NEPEKPHITHI ClleAyeT BHIIOIHATH YCIOBHE:

gmins f < émax: (285)
rae
X
E=ho — OTHOCHTeNbHas BBICOTa CKaToil 30HBl 6eTOHa pacyeTHBIX CEeYeHHil,
ompenemnsemas o CIT63.13330.2012;
&wn — ~MHHEMAalbHasg  JOIyCTHMas  BBICOTA CXaTodl 30HBI  OeTOHa,
IpeIOTBpaIlarolias pa3phlB apMaTyphI:
£min = 0,78 ebm wEs : (286)
KpIRs + Es (0,002 Kpl + ebm @)
Epma = 22 . (2.87)
_oed
11
W =0,85-0,0068s ; (2.88)
K. = &saEs
PL"Rs + 0,002E; . (2.89)
&2 >=0,025. (2.90)

& axr — MAKCHMAITBHO JTOIYCTHMAsI BEICOTA CXKATOH 30HBI 6eTOHa, oOecrieynBaroas
JOCTaTOYHOE JUId IlepepaclpeleleHus YCHIMH IUlacTHYeckoe nedhopMHpoBaHHe
apMarypsl 0e3 paspylieHus C¢xaroro 0ertoHa [yis BelHoNHeHHA TpeboBanuii I u Il rpymnn
npeaensHeIx coctosamit CIT 63.13330.2012 m mpemoTBpalieHHs HpOrpecCHpYIOMero
o0pyIIeHns KOHCTPYKIH OT aBapHIHBIX HarPy30K.

B Tabnune 2.2 mpuBeseHBl pe3yNbTAaThl JABYX BApHAHTOB BBIIOJIHEHHOTO B
HEeIIMHEHHOW  IIOCTAaHOBKE KOMIBIOTEPHOTO  CTaTH4ecKoro pacdera KapKacHBIX
JIBYXIIPOJIETHBIX 34aHHUH PAa3JIMIHOMN 3TAKHOCTH C PETyJIApHOIN CTPYKTYPO# CETKH KOJNOHH
¥ IIOCKUMH (Oe3pHUrelbHBIMH, OeCKaNUTeIEHEIMH ) MHOTOIIPOJIETHBIMH NEPEKPBITHAMHE:

- ¢ BeImonHeHueM Tpebosanmii CIT 63.13330.2012;

- ¢ co0moJeHHeM YCIOBHi NMPeNOTBPAIleHHs IPOrPECCHPYIOILEro OOpyIIEeHHUS

IIPH BO3MOXXKHOM pa3pyLIeHUH CpeIHell KOIOHHBI IEPBOTO 3TaXa.
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Tabnuna 2.2

Pacuer ¢ yueToM 3alMTHL OT

Pacuer no I'nt Il rpyrmam TIporpeccupyollero obpylIeHus (CTaTnka)

_ Hpe;[cegbg; 1)1(3‘:;3‘:(’)1" ‘;ﬁg" Kpurnueckie pasmepbl CETKH KOJIOHH (B
&=alh, o ’ ) MeTpax) TIPH 3TAKHOCTH 30AHHASL
Kputnueckue

pa3Mephl CeTKH KOJIOHH, M 3 10 17
0,49 7.5%75 7.2x7.2 6,2%6,2 5,0x5,0
0,35 6,8x6,8 6,8%6,8 6,0x6,0 4,8%4.8
0,15 5,8x5,8 6,2%6,2 5,8x5.8 4,5%4.5

PacyetoM ompepeneHbl KpPUTHYECKME pasMephl CETKM KOJOHH 3MaHHSI B
3aBUCHMOCTH OT ST&)XHOCTH U MPHUHSTOTO apMHUPOBAHHS MEepPEeKpHITUS B OMOPHBIX y3/lax
TPH TIOCTOSHCTBE TEOMETPUUECKUX XapaKTEPHUCTHK HECYIIHX 3JIEMEHTOB, IPOYHOCTU
6erona (B25), apmatyprr (AS500), paBHOMepHO# Harpy3zxu (11 kHA®) MIPOJIETHOTO
apmupoBanus (=0,126).

IIpuBeneHHBI NpuMep AaeT IPEACTAaBICHUE O BIMSIHUM KOHCTPYKTUBHBIX H
00GBbeMHO-IUIaHAPOBOYHBIX pEIeHN Ha TeXHHKO-3KOHOMUYECKHE TOKa3aTelH MPOEKTOB
MOHOJNMTHEIX ~MHOTOST@XHBIX KapKacHBIX 3IaHWH, BBIIOJHAEMBIX C  YYeTOM
MpeIOTBpalleHHus] MPOTPECCHUPYIOIIEro OOpYIIeHHS | OLEHMBaeMBIX TpeOyeMBIM
apMHpOBaHWEeM pacyeTHHIX CedeHHI IePEKPHITHIl B 3aBUCHMOCTH OT ¢.

W3 Tabnuusl BHAHO, 9TO MaKCHMAaJIbHEIE pa3MepHl CETKH KONOHH KapKacHOTO
MHOTOSTa)XKHOTO 371aHUsI C Oe3puUrelbHbIMU IEPEKPHITHSAMM II0 pe3ylbTaTaM 0GOouX
pacdeToB BO3MOXHEI B ciiydae npoektupoBaHus ¢ ¢ = 0,49 = &,

OueBHTHO, YTO TP 3HAYECHUIX (~&p, TO €CTh NIPH HAMOOJEeE BEICOKUX XKECTKOCTIX
(EI) pacdeTHBIX CeUCHUI B IIPEACIHFHON CTalul WX COIPOTHUBICHHS BHEIIHeH Harpyske, a,
ClleIoBaTeNIFHO, TIPH MUHHMAJIBHOM PacKpHITHH INIAPHHPOB IUIACTHYHOCTH, MPAKTHYECKU
OTCYTCTBYIOT NPpPEANOCBUIKH JUIi  IepepaclpelelieHHs YCHIMH B  CTaTHYECKH
HeOoTIpeieIMMON KOHCTPYKTHBHOH chUcTeMe 6e30allouHBIX MEepeKpBITHI, 9T0 CHIKAeT HX
6e301acHOCTh NPH aBapUHHOM HarpyKeHHH.

Takum obpasom, u3 TpeboBanmii, onpepensemsix CII 63.13330.2012 mo I u 1II
TpynmaM TNpeAenbHBIX COCTOSHHH, OIpaHMYMBAIOIWX KPHTHYECKHE pPa3Mephl CETKH

KOJIOHH B ONITUMANBHBIX I apXUTEKTYPHO-IUIAHAPOBOYHBIX pelleHuit pasMepax 7x7 M, a
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TaKXe JUIs BBINOJHEHHWS YCIOBHM IO O0eCHeYeHHI0 CIMOCOOHOCTH IUIACTHYECKOTO
JebopMHUpOBaHHS pAcUeTHBIX CeUCHHH 0e30allouHBIX OeCKamUTEeNbHBIX IUIHTHBIX
NEPEKPBITHI, IPH UX POEKTUPOBAHUH, ClIeIyeT BBIIOJIHATE YCIOBHE
max < 0,7k, (2.91)
Enax = 0,35, (2.92)
Haubonee panyoHalbHBIM IIyTeM CHIDKGHHS ¢, a clefoBaTelbHO, K,
Oe3pUreNIbHOTO TNEpPEeKPHITHS, SBISIECTCS YBEIHYEHHWE IUiedYa BHYTpEeHHEH mapbl CHI
pacueTHBIX Ce4YeHHUH B TNPHOMOPHBIX 30HAX (PAacCTOSHHE MEXAY LEeHTPaMH THKECTH
PacTsAHYTOIl apMaTyphl U CXKaTOro O€TOHA) IMyTeM HCIOJIE30BAHUS KalUTENel KOJIOHH.
B Tabnmme 2.3 npuBeneHBI pe3yNbTaThl HEJIMHEWHOTO CTAaTHYECKOTO pacyeTa
MOHOJIUTHOTO  JKelle300eTOHHOro 6e36al0o4HOro IepeKphITHS —S5-3TaXHOTo TIapaxka
pasmepoM B mnane 37,5x37,5 M ¢ peryinsipHO# ceTKou KoJioHH 7,5x7,5 M.

Ta6nuna 2.3

Bricora Apmupoanye (110 pacuery) PacyeTHbIe XapaKTEpUCTHKH Pacxon
CceueHmit pMHp ) P ), h,, cM P P MaTepuajioB

cM cevyeHui 2
TIEPEKPBITHUIL ¢ HalM

CeTKOU KOJIOHH Ha onope B MpoJieTe
7,5%x7,5Mu u=

pasMepoM Ha B X £ =wn, | = 100 4,/bh,, | 6eron | 2PM&
KaIuTenu A; Ay A4, | A, | omope | mponere | CM % Typa

1,5x1,5M

[Iponet 200 MM - - 13,92 | 3,77 - 16,8 3,07 0,183 0,83

Ormopa 0,206 | 32,68
200mMM+100Mm | 41,03 | 3,77 - - 25,5 - 11,18 0,438 1,61
(KanmTen)

IIponet 200 Mmm - - 11,46 | 3,77 - 16,8 2.3 0,137 0,68

Onopa 0,214 | 26,05
200MmM+200mMm | 28,31 | 3,77 - - 35,5 - 7,36 0,207 0,80
(xanuTess)

Iponer 200 MM - - 11,29 | 3,77 - 16,8 2,25 0,134 0,67 0,219 | 24,2

Omopa
200MMm+300mm | 22,77 | 3,77 - - 45,5 - 5,7 0,127 0,5 0,219 | 24,2
(KanuTeIh)

PacueT BBHIMONHAJNCS C HCIOJIB30BaHHEM IPOrpaMMHOroO KoMiulekca «JIupa» B
MIPOCTPAHCTBEHHOM MOCTaHOBKE, C YIETOM reOMeTpUYecKoi 1 PU3HUECKON HENNHEHHOCTH

KOHCTPYKIUH.
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B nanHOM ciydyae oneHMBANOCH BIHSIHAE Ha pe3yJIbTaThl Pacyera pPasjiduyHbIX
BapHaHTOB KallUTENIBHOTO HUCIIOJNHEHUS HaJKOIOHHOHW YacTH MepeKPBITHA MO BEICOTE HPH
COXpaHEHHH OJHMHAKOBBIX €€ pa3MepoB B IulaHe. Ilocne BBHIMOJHEHHS CTATHYECKOTO
pacydeTa IIpoBepANach YyCTOWIHBOCTE IIPOTHB IPOTPECCHPYIONIETO OOy IICHHS.

Tlo pesympTaTam pacyera MOKHO BHJETH, YTO yYBEIHYEHHE BBHICOTHI HA[KOJIOHHOM
YacTH IIEPEKPHITHS 32 cYeT yBelIH4YeHUs BHICOTHI KanmuTenr co 100 go 300 MM mpuBeno k
YBEIHYEHHIO pacxoda GeToHa Ipy pasMepax Kamuresd 1,5x1,5 M mo BceMy mepeKphITHIO
Ha 6,6% npu CHIDKEHHH pacxofa apMaTypbl Ha 26%. Tak kak & Ha omope U B MpoJieTe B
IOCTeAHeM BapHaHTe KOHCTPYHMpOBaHHMs He mpepsnmaer 0,15, kosddumment
JVHAMAYHOCTH OJIM30K K eIMHUIIE, M B pacueTax Ha MPOTPECCHPYIOLIee pa3pyIleHne pu
JVHAMHYeCKOM XapaKTepe aBapHHiHBIX HATPY30K €TO y4eT He TPUBEAET K 3HAUNTEIEHOMY
YBEIHYEHHIO apPMUPOBAHMUSI.

U3 pe3ynbTaToB pacyeToB MOXKHO 3aKIIIOYHTH, YTO W3MEHEHHEM KOHCTPYKTHBHOM
CXeMBl KapKacHOTO 3[aHHi M ero 0e30a09HOTO MepeKPhITHS MOXET OBITh JOCTUTHYTO
3Ha4UTeIbHOE CHIKEHHE pacXoja apMaTyphl H CTOMMOCTH, TO €CTh Ilellb OITHMAaJIbHOTO
TMPOSKTHPOBAaHUS BBITIONHAEMOTO, B TOM HYHCIE ¢ YYeTOM TpeNOTBpalleHHT
IIPOTPECCUPYIOLIET0 O0PYILIeHUS.

KapkacHple 3manms ¢ 6e30anmodyHpiMH, OeCKAMMTENBHBIMH MEPEKPHLITHSIMH C
HOpPMaJIbHBIM YPOBHEM OTBETCTBEHHOCTH, NPHU BEHITIOJIHEHHH peKOMeHAalnuil Tabm.2.4 u
paszena 3 ITocoGmsa BO3MOXKHO NPOSKTUPOBATH C CETKOW KOJIOHH 110 6,0x6,0 M 1 BEICOTOI
o 10 staxkeii 6e3 pacueTHOM MPOBEPKH Ha Mporpeccupyoiee oopymenue [1].

Ilpu OonplumMX BeIMYMHAX CETKH KOJOHH M OTAXHOCTH 3[JaHUA ClledyeT
IIPOEKTHPOBaTh 0e30anoyHble IIEPEeKPHITHS BCEX KAapKACHBIX 3/IaHUi C IPOBEPKOii
pacdeToM Ha HporpeccHpylolee oOpylieHre U KOHCTPYHPOBAaHUEM MPHOIOPHBIX 30H B
COOTBETCTBHHM C peKOMEHIalMsaMH 1. 2.4 W pasfena 3 ¢ TpeInodYTHUTENEHBIM
HCTIOJIH30BaHUEM KaITUTeNel KOIOHH (HIOHOB).

s obecneueHmss 6e30mMacHOCTH  MHOTOSTKHBIX ~ KapKacHBIX  3/IaHHI
TIOBBILIIEHHOTO YPOBHS OTBETCTBEHHOCTH CJeIyeT TNPeHMYIeCTBEHHO HMCIONb30BaTh

Gano4YHbIe CHCTEMBI IEPEKPLITHH, B TOM YUCIIe C IPUMEeHeHHEeM GalloK-CTEHOK.
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Bo3MOXHBEI cMelnaHHBIE KOHCTPYKTHUBHBIE pelIeHHs HECYILErO OCTOBA 3/IaHHM
HOBBIIICHHOW 3Ta)XHOCTH, HAapUMep, B IpeAeliaX TpeX HIKHHUX JTakel (BKIIodas
[IO/I3€MHbIe) IPUMEHHUTH KapKaCHYIO CXeMy, H CTEHOBYIO CXeMY B BEIIIEJIEKAIIEH YaCTH.

B »ToM ciyyae B HIDKHEHM 9acTH IV YAOOCTBa pa3sMeLICHHS IapaXkeii-CTOSHOK,
TOPTOBBIX ¥ O(HCHBIX TOMEHICHHH IIeeco00pa3HO U JOIYCTHMO MPHHSATHE CETKH KOJIOHH
6e3 kamuteneit no 6,2x6,2 M, ¢ KanuTelmAMH 10 7,5%x7,5 m. B BepxHeii xxuioit gactu
3/JaHUSI OCHOBHBIE HECYyIHe CTeHBl CleAyeT NPEeUMYLIECTBEHHO PaclojiaraTh MO OCIM
CeTKM KOJIOHH HIDKHHX 3Taxkeil.

ITpn cooTBeTCTByIOMEM O0OGOCHOBAHHH BO3MOXHO HHOE PACMOIOKEHHE HECYIHX
CTEH BEpPXHHX OSTaXeH NPH KOHCTPYKTHUBHBIX PEIISHHAX, 00ECeUUBAIOIINX TepeAady
Harpy3KH Ha CTEHBI M KOJIOHHBI HIDKHUX 3Taxkell 3JaHWs MOCPENCTBOM MEXKAY3TaKHEIX
TUTUTHBIX KOHCTPYKIHMi, Galok win GaloK-CTEeHOK (KpOMe 3[aHuii, MPOEKTHPYEMBIX HA
celficMUYecKne BO3CHCTBHA).

JIONONHUTENBHYIO )KEeCTKOCTh B STHX KOHCTPYKTHBHBIX PEIICHHUAX CO3NAIOT SIpa
JECTKOCTH M3 MOHOJMTHBIX HEeCYIINX CTeH, OIPaHHYHBAIONIMX JU(PTOBBIE U JICCTHUIHEIC
KOMMYHHKAIMOHHEIE Y37BI 30aHHUS.

Hcnonn3oBanne B xadecTBe paboueil apMaTyphl Uil apMHpOBaHUS Ge36alouHbIX
HepEeKPHITHH apMaTypHOH NPOBONOKH Kiacca BpS500, a takke modoro apyroro BHIa
apMaTypHOTro IIpoKaTa, HMEIOIIEro OTHOCHUTENFHOEe YIUIHHeHHe MpH MaKCHMAIbHOM

HaNPsDKCHUU amax

meHee 2,5%, He momyckaercs BBHAY HopmupoBanms B CII
63.13330.2012 Benuunnet €522 0,025.

Jlst apMUpOBaHKS PacTAHYTON M CKATOM 30HBI PACYETHBIX cedeHHi 6e30aioTHBIX
HepeKPHITHH PeKOMEHIyeTcs NPUMEHATh apMaTypy Kiacca A500 ¢ 4eThIpeXCTOPOHHUM
ceprnioBuaHbIM nipopmiiem (ASO0CII ¢ fz > 0,075), WMeromyM BBICOKHE IIOKa3aTelH
COBMECTHOI pPaboTHl ¢ OETOHOM B 3allpe/lelIbHOM CTaaMy HarpyXeHus (IpomojbHas

yCTOI‘;I'-II/IBOCTL OpH CXaTHUH, BbBICOKAA MNPOYHOCTH CHCIUICHHA NMPH PaACTAXKECHHUU 34 CUET

HHM3KOH pacmopHOCTH).

63



OuepeHOCTE BHINOJTHEHHS OMEHOYHOI0 AHAIA3A CHOCOOHOCTH K IUIACTHYECKOMY
AedopMHPOBAHHIO PACYETHHIX cedeHHH 6e30a/109HBIX MePeKPLITHI KapKacHBIX

3MaHHH

Ilo TpeGoBanmsAM  Ge30mACHOCTH M 3KOHOMHYECKHM  COOOpaKEHHSM,
IpOeKTHpoBaHUe 0e30aloYHBIX TIepeKpHITHI ¢ Y9YeTOM BBHINONHEHUS peKOMeHAaImi
JAHHOTO aHaNp3a IeNleco00pa3sHO BBHINONHATH AN 3JaHHH ¢ pa3sMepaMH CEeTKH KOJOHH
(munoHOB) B 00OMX HAMpaBIeHUSIX Kak MeHee, Tak U Goliee 6 M. IIpu ceTKe paBHBIX U
MEeHBIMNX 6 M pa3MepoB TPOEKTHPOBaHHe 0e30aIOYHBIX MEPEKPHITHI BHITONHIETCS TO
o6umm nonoxenusm CIT 63.13330.2012 (xmin > 0,1%) TONBKO C BEINIOIHEHHEM PacyeTa
Ha IIporpeccupyomiee oopyienue [1].

1. Tlo pe3ynbTaTaM CTATHYECKOTO pacdeTa BEIOHparoTcs ceueHHs 6e36amodHoro
HEePEeKPHITHA C MOIyICHHBIMHU U3 PacdeTa MaKCHMAIbHEIMHI H3TAOAI0MUMHI MOMCHTAMH.

2. lns BEIOENEHHBIX CEYCHMI II0 3aJaHHBIM MEXAHHYECKMM XapaKTEPUCTHKAM
6eToHa M apMaTypel, a TaKKe T'€OMETPHUIECKHM XapaKTepPHCTHKaM, OIpeAenseTcs
apMUpPOBaHUe U BBIYKCISETCS OTHOCHTENBHAS BRICOTA CXKATOI 30HbI 6eToHa &,

3. IIpoBepsieTcs BeIIONHEHHE ycnoBus (2.85).

Ilpu ¢ < &, yBeNnM4UBaeTCsA KOJNUYECTBO PACTAHYTOMH apMaTyphl O BEHIIOIHCHUS
ycnosus &> &, (Tabnua 2.4).

Ilpu & > ¢, noGaBnsgercs apMaTypa B CXaTyi0 30HY DIIEMEHTa, W3MEHSIOTCA
reOMETpHYECKHE XaPAaKTEPHUCTHKH PAacUeTHOTO CeUeHHs MyTeM YBENHYCHHS €O BEICOTHI
Jo BeINONHeHus ycnoBuit ¢ < &, (Tabmuua 2.4) u & > 24'. Ilpu ¢ < 24' pacuer
BBINOJIHAETCA MO MeToAuke 1. 2.2.1.

4. Tlocneayioiiee KOHCTPYMPOBAHHE ApMHPOBAHUA 0e30aJIOUYHBIX IMEpeKpHITHiL

BBITIOJIHACTCSA B COOTBETCTBUU ¢ PEKOMEHALAAMU pa3aeia 3.
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Tabnuua 2.4

Knaccsl apmatypsl
PacuetHble xapakTepucTHKH
A400 A500/B500 A600
R,,, MIla 400 500 600
& 0,025 0,025 0,025
B20 0,128/0,48 0,128/0,38 0,128/0,32
. Htyims Yo B30 0,11/0,61 0,11/0,48 0,11/0,4
B40 0,095/0,69 0,095/0,56 0,095/0,46
B50 0,084/0,76 0,084/0,6 0,084/0,5
£ =070 <035 035 0,34 0,32
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3 KoncrpynpoBanue 6e30a/JJ09HBIX NePEKPLITHI

B 6e36amouHEIX MepeKPhITHIX MOHOIUTHBIX 3aHUI TUINTA MOXKET OIUPATHCS KaK
HETOCPECTBEHHO HAa KOJIOHHHI (TIMJIOHBI) Oe3 Kamureneil, Tak W C BKIIOYEHHEM
KanuTeNbHbIX HAJKOJNOHHBIX 3JEeMEHTOB. lIpH HalW4uy HecyIUX CTeH U OTHENbHBIX
6anok BHYTpH M 1O KOHTYpY 3HaHHS OHM TaKXe MOTYT OLITh HCIIOJIB30BaHBI IS
omMpaHus 0e30aI09HBIX TePEKPHITHI.

IIpn nmponeTax ANUHOM X0 6 M MOHOJIMTHBIE IIEPEKPHITUA €3 IpeBapUTENHHOTO
HaNpsDKeHUSI apMaTyphl BO3MOXKHO IIPOEKTHPOBATH INIOCKUMH OeCKallMTeNbHBIMU; IIPU
GoNpIIMX MNHUHAX MPOJETOB — IUIOCKMMH C KalWTENBHBIMH YTONMIEHMSIMH B BepxHei
YJacTH KOJIOHH.

PexoMeHnnyemble MHHHMAallbHBIE 3HA4eHWS TONIIUHBI IUTMT ©6e30alodHBIX
TIePEKPBITHI TIPH ONMMPaHUU HA KONOHHEI, PACIONOXKEHHEIE B IUIaHe ¢ IaroM !/ BIOJE
IIPOAOJIBHOM U NOIIepeuHOR oceil:

- ¢ JONONHHUTENbHEIM K ApMHUPOBAHHMIO YCHIEHHEM OIOPHBIX 30H KAIHTEISIMH
MeTaJUIMYeCKUMH BOPOTHUKaMHM (OTONIOBKAMH) U T.IL.:

JUTSL KOHCTPYKLHIA U3 Tsokenoro 6etora — (1/35)/;

- 6e3 JOMOMHUTENLHOTO YCUISHUS:

IUT KOHCTPYKIME U3 TspKenoro 6erona — (1/30)/;

JUTS KOHCTPYKIHH U3 nerkoro 6erona — (1/27)1.

3.1 ApMupoBaHuUe IVIAT NePEKPLITHIA §€30a7109HO0i KOHCTPYKIIHH
3.1.1 O6une moJioxKeHHsT

ApMHpoBaHHe IUIOCKHX IUIMT CIieJyeT OCYIIECTBIATH MPONONBHONU apMarypoil B
JBYX HAaIpaBJICHUAX, pPaclojlaraéModl y HIDKHEH M BepxHeil rpaHeil IuuTh, a B
HeOOXOIMMBIX Cliydasx (COIJIACHO pacyieTy) M IOMEPEYHOM apMaTypoii, pacloiaraemMoii y
KOJIOHH, CT€H M IO TUIOIAAN TUTHTEL.

Ha KoHLEBBIX ydJacTKaxX IUIOCKHX IUIAT CJEeQyeT YCTaHABJIHBATEH IOINEPEIHYIO

apMarypy B Bufe II-o0pa3HBIX XOMYTOB, CKPBHITHIX GalloK, WIIH ke MpexycMaTpHUBaTh
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YTOJIIIEHHS 10 Kparo INTHTHI, 00eCIIeunBAalOIIe BOCIPHATHE KPYTAIIMX MOMEHTOB B 3TOM
MecTe ¥ HeoOXOIUMYIO aHKePOBKY KOHIIEBBIX YIaCTKOB IPOJONBHOM apMaTyphI.

KonuvecTBo BepxHeil M HH)KHeH INPOAONLHONW apMaTyphl B IUIHTE IEepPeKpBITHI
(IOKPBITHA) CIleAyeT YCTaHABIHBAaTh B COOTBETCTBHH € NEWCTBYIOIMMH YCHUIHSIMH H
cornacHo CII 63.13330.2012.

JUIs cokpallieHHs: pacxoja apMaTyphl MOXKHO peKOMEH0BaTh YCTAaHOBKY 1O Beeil
IJIOIIA M IUIMTHI HIDKHEH M BEPXHEHW apMaTyphl, OTBE€YalOLIEH MHHUMAIBHOMY NMPOLICHTY
apMHpOBaHHA, a Ha ydacTkaxX, rie JelCTByIOIMe YCHJIHA TpeBHILIAOT YCHINS,
BOCTIDHHHMAaeMEBIe 3TOi apMaTypoil, YCTaHOBKY JOMONHHTENBHON apMaTypel, B CyMMe ¢
BBIIICYKAa3aHHOH apMaTypoil, BOCIpHHHMMAIOIIEH [AeHCTBYIOIIME Ha 3TUX YdYacTKaxX
yeunus. Takod moaxoJ MPUBOAUT K MOCTATOYHO CJIOXKHOMY apMHPOBAaHHUIO NEPEKPHITHH,
TpebyromieMy 6oJiee TIIATeTIEHOrO KOHTPOJISL apMaTypPHBIX paboT.

3awumnvii croti bemona

3aiuTHBIH cioit 6eToHa HOMKeH 0becnenBaTh:

- COBMECTHYIO paboTy apMaTyphl ¢ GETOHOM;

- aHKepOBKY apMaTyphl B 6€TOHE B BO3MOXKHOCTh YCTPOHCTBA CTHIKOB apMaTypPHBIX
3IIEMEHTOB;

- COXPaHHOCTh apMaTyphl OT BO3JEHCTBUI OKpyJKalomell cpeasl (B TOM 4HCIe IpU
HaJIM4YWH arpeCCUBHBIX BO3AEHCTBHIA);

- OFHECTOMKOCTb KOHCTPYKIHH.

MuHnMabHEIE 3HAUSHUS TONIIUHEI 3alllUTHOTO cios 6eToHa paboudeil apMarypsl

Clle/lyeT IPUHMUMATh: B COOTBETCTBUY ¢ Tabnuueii 3.1.

Ta6muna 3.1
Ne VenoBus sKCILTyaTaluK KOHCTPYKIHIA 37aHHi1 Tommuwna saupTsoro crios
ILIL 6eToHa, MM, He MeHee
1 | B 3aKkphITBIX HOMELICHUIX IPH HOPMAaJIbHOM U TIOHIDKEHHOMH 20
BJIAXKHOCTH
2 | B 3aKkpbITBIX NOMELICHUSX ITPH MOBHIIIEHHON BIIAXKHOCTH (NPH 25
OTCYTCTBHH JOMOHUTENBHEIX 3alIUTHBIX MEPOTIPHATHI)
3 Ha oTkpbiTOM BO3AyXe (IIpH OTCYTCTBHH JOTIONHHTENBHBIX 30
3AMIUTHBIX MEPOTIPUSATHIA)
4 B rpyHTe (IpH OTCYTCTBHH JOTOTHHTENBHBIX 40
3aIIUTHBIX MEPONpPHATHUI)
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Jia KOHCTpYKTHBHOH apMaTypbl MUHHMANbHBIC 3HAYEHHS TOJIIUHEI 3aIUTHOTO
cios GeTOHA NMPHHAMAIOT HA 5 MM MEHbINE [0 CPaBHEHHIO C TpeOyeMbiMH 1 paGoueit
apMaTyphL.

Bo Bcex ciryqasx TOJNIIMHY 3aLIMTHOTO CII0si GETOHA ClieyeT TAalKe IIPUHUMATE He
MeHee JuaMeTpa CTEpXKHA apMaTypsl 1 He MeHee 10 MM.

B 3ammrHOM cioe GeroHa TommmHOH Ooliee 50 MM clielyeT YCTaHaBIHBATh
KOHCTPYKTHBHYIO apMaTypy B BHJe CETOK C IUIOINaJbl0 CeYeHHs IMPOJONBHOI apMaTypEl
He Mmenee 0,054, ¥ maroM, He TPEBHNIAIOIMIAM HAMMEHBIIMH pa3Mep TOMEPEYHOro
CEUCHHS DIIEMEHTA.

MunumanvHbie paccmoaHus MeXCOy CIEPXCHAMU apMamypol

MuHUMaNIBHBIE PAcCTOSHUSL B CBETY MEXAY CTEPXHAMM apMarypbl Cliefyer
NPUHYMATE TaKHMH, YTOOB 00eCHedHTh COBMECTHYIO paGoTy apMaTyphl ¢ 6eToHOM
Ka4eCTBEHHOE H3TOTOBIICHHE KOHCTPYKIMH, CBSI3aHHOE C YKJIAJKOH H YIIIOTHEHHEM
OeToHHOM cMecH, HO He MeHee HanbOJbIIero AnaMeTpa CTep:KH, a Takxke He MeHee:

25 MM — 1714 HIDKHel apMaTypbl, pactioloKeHHO B OQHH WIH IBa PAAa;

30 MM — TO XKe, U1 BepxXHell apMaTypsl;

50 MM — TO ke, IIpH paclONOXKEHNN HIDKHEH apMaTryphl Ooliee 9eM B IBa psAaa
(xpoMe cTep:KHel AByX HHOKHHX PAZIOB).

Ilpy CTeCHEHHbIX YCIOBHUSX MOIMYCKAETCS PACMONAraTh CTEPXKHH TpyNmaMed —
myukamu (6e3 3a3zopa MexIy HuUMH). [Ipd 3TOM pacCTOSHHS B CBETy MEXAY IIydKaMH

JOIDKHEI OBITH TakKe He MeHee NPHBEICHHOIO JHAMETPa CTEPXKHs, SKBHBAJIEHTHOIO IIO
IJIOWAOM CEYECHMS IMydYKa apMarypbl, IPUHMMAEMOro PaBHBIM d, ., = ’2 d, TIe dy—

ANaMETP OOAHOTI'O CTCPXKHA B ITy4KeE, /7 — YHUCJIO CTep)KHeﬁ B ITy4Ke.

IIpodonvroe apmupoeanue
B wusrubaempix 6e306aloYHBIX IepeKPHITHAX IUIOWAIb CeYeHHS TPOHOJIBLHOM
PAacTAHYTOH apMaTypBI, a TAK)Ke CHKaToH, eclId OHa TpedyeTcs Mo pacyeTy, B IPOLEHTAX OT

IIomaanu CCUCHHUA 6CTOHa, paBHOﬁ MIPONU3BEACHUIO MHUPHUHBI IIPAMOYT'OJIBHOTO CEUCHUA HA
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s

b-h

pabouyro BBICOTY CEUYEHHS, u, = 100% clefyeT NMPHHAMATH JUIS BCEX CeUeHWH He

0
MeHee 0,1%, a g MPONIETHEIX W ONOPHBIX CeYeHHi ¢ MAKCUMAJIBHBIMH H3THOAROIAMEA
MOMEHTaMH KOHCTPYKIHH — B COOTBETCTBHH C peKOMEHIAMsIMY 11. 2.4,

B kene300eTOHHBIX IUTHTAX HAHOONBIIHE PACCTOAHMSA MEXAY OCAMH CTEpXKHEH
MpOIOJIBHON apMaTypEl, obecriednBaronie >(¢GekTHBHOE BOBlieYeHHe B paGoTy GeToHa,
paBHOMEpHOE paclpelelicHHe HampsHKeHHH H AedopMaiuii, a TakkKe OrpaHUYCHHE
MIMPUHEBI PACKPBITHA TPEIMH MEXy CTep)KHIMU apMaTyphl, JOIDKHEI OBITE He Oolee:

200 MM — MIpH BBICOTE MOIEPETHOro cedeHus /1 < 150 mm;

1,5h u 400 MM — TIpH BBICOTE TIOTIEPETHOTO CEYeHH /1 > 150 MM;

B muTax 1o omopsl clieAyeT NOBOAUTD CTEPKHU MPOAOIbHOM pabodeii apMaTyphl
Ha 1 M ITUPHHEI IUIATHI C IUTOLIAJBIO CeYeHNs He MeHee 1/3 Tiomanu ceueHus CTepXKHei
Ha | M IMpHHBEI TUIATHI B TIpOJIeTe, ONpPeAeNeHHOH pacuyeToM M0 HAWGOoJbIIEMy
m3ruGaronieMy MoMeHTY. PaccrosHms Mexay paGounMH CTep)KHAMH, JOBOAUMBIMHU JIO
OTIOPEI IUTUTEI, He JOJKHBI NpeBhimaTh 400 MM.

MoHonmuTHEIe Kene300eTOHHEIE IUIMTHI apMHPYIOT Bs3aHOil apmaTypoil, WIx
CTaHJJAPTHEIMU CBapHBIMU CETKAMHU 3aBOJICKOTO W3TOTOBJICHHUS.

Hduamerp paboumx cTepKHEH CBapHOH apMaTyphl peKOMEHIyeTcs NMpHHUMATh He
MeHee 3, a Bs3aHoil — He MeHee 6 (5,5) MM.

Tlpu apmupoBaHHH AT, PabOTAOMINX B IBYX HANpPABJICHUAX, OTHOLICHHE
AA /A4 MeXIY IIIOIAMSIMHU CEUEHUS] HIXKHUX apMaryp, YKIaplBaeMbIX Ha 1 M HIHPUHBI
wuTh (A4 — IIOmAAb CTepiKHeH, pacmoyiaraeMbIX TapallebHBEIX KOPOTKO#M CTOPOHE),
pexoMeHayeTcs NpuHuMaTh 1o Tabmuie 3.2 B 3aBUCHMOCTH OT OTHOLICHWH MPOJIETOB
muThl L/l

Inowane ceyeHns pactpedeTUTETFHOM apMaTyphl B ININTAX JOJKHA COCTABUTE He
MeHee 10% molmaau ceveHus pabodeil apMaTypsl B MecTe HaHOOJNbILEro U3rubaromero
MoMeHTa. J[MaMeTp U mar cTep)KHel 3Toif apMaTyphl B 3aBUCHMOCTH OT JUaMeTpa U Iara

cTepxHel paboyeil apMaTypbl MOXKHO IIPUMEHATH 10 Tabnume 3.3.

69



Ta6nuna 3.2 — OTHOINEHWe IUIOIIAAed CeYeHWH HUXKHEH apMaTrypsl il IUIMTHL

paborarolneii B IBYX HallpaBIeHHAX

1/1 AA,./AA,, 1/, AAd, /A4,
1,0 1...0,8 1,6 0,5...0,3

1,1 0,9...0,7 1,7 0,45...0,25
1.2 0,8...0,6 18 04...0,2

13 0,7...0,5 19 0,35...0,2
1,4 0,6...0,4 2,0 0,2...0,15
1,5 0,65...0,35

Ta6nuna 3.3 — /luamMeTp U mar crep>xHeil pacnpenenuTeIbHOH apMaTyphl ITHT

Tnamerp Illar crepkHeii paboyeii apMaTypbl, MM
crepxcei paGoueii 100 125 150 200 250 300
apMarypsl, MM
3.4 3 3 3 3 3 3
o 400 400 400 400 400 400
5 3 3 3 3 3 3
500 500 500 500 400 400
4 4 3 3 3 3
653 500 500 500 500 400 400
5 5 4 4 3 3
8(1.75) 500 500 500 500 500 400
109) 6(5.5) 6(5.5) 5 5 5 5
350 350 350 350 350 350
1231 6(5.5) 6(3.5) 6(5.3) 6(5.5) 6(5.5) 6(5.5)
250 300 350 350 350 350
14 8(7.5) 8(7.5) 8(7.5) 6(5.5) 6(5.5) 6(5.5)
300 350 350 300 350
16 8(7.3) 8(7.5) 8(71.5) 8(7.5) 8(7.5) 8(7.5)
250 300 350 350 350 350
18 10 10 10 8(7.5) 8(7.5) 8(7.3)
300 350 350 350 350 350
20 WOy [0 [ Lo [ L9 [ Lo [ 100
200 250 300 350 350 350
2 12(11 12(11 10(9) 10(9) 10(9) 10(9)
250 300 300 350 350 350
25 14 10(9) 8(7.5) 8(7.5) 8(7.5) 8(1.5)
300 200 150 200 250 300
IMpumeuanue: Han yeproii ykasan InaMeTp cTepikHeil pacnipeaeuTeabHOM apMaTypsl, oI
4epTOH — MX IIar. ]

Ilonepeunoe apmuposanue.
Ilonepednyto apmaTypy CleAyeT YCTaHABIHWBATb, MCXOAA W3 paciera Ha

BOCIIpHUATHE lIeﬁCTByIOIIII/IX CHJI, a2 TAaKX€ B LEIAX OrpPaHHYCHUS PA3BUTHA TPCIIWH,
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yAepXKaHUS TNPOJOIBLHBIX CTep)KHEH B INPOEKTHOM ITOJOXKEHHH M 3aKpelUleHHS HUX OT
GOKOBOTO BBIITy4YHBAHUA B IFOOOM HAIpaBICHHH.

Juamerp momepeyHoil apMaTypbl B Bfi3aHBIX KapKacax H3rH0aeMBIX JJIEMEHTOB
TIPHHHMAIOT HE MEeHee 6 MM.

B cBapHBIX KapKacax OHaMeTp TONEpedHOH apMaTyphl NPHHUMAIOT HEe MeHee
JuaMeTpa, YCTaHAaBIMBaeMOI0 M3 YCIIOBUS CBapKd ¢ HauOONBIIUM JAHAMeTPOM
TIPOAOIBHOM apMaTypBHIL.

B ’xene300eTOHHBIX 3JIEMEHTaX, B KOTOPBHIX IOIepevyHas CHiIa IO pacueTy He
MOXeT OBITh BOCHPHHATAa TOINBKO OETOHOM, CleAyeT IpelyCMaTpHUBaTh YCTAaHOBKY
HONepedHo# apMaTypHI ¢ aroM He Goee 0,5/, u He Gonee 300 MM,

B cnnomneix muTax BeicoTol MeHee 300 MM Ha ydacTkax, IJle IIollepedHas cuia
IO pacydeTy BOCHPUHMMAETCS TOJIBKO OETOHOM, IIONEpeuHylo apMarypy MOXHO He
yCTaHaBIMBATb.

IlonepeuHyro apMaTypy B IUIUTaX B 30He MPOJABINBAHMA B HaIpaBICHUH,
NEepIeHAMKYTIPHOM CTOpPOHAM PAacHeTHOTO KOHTypa, YCTaHAaBIMBAIOT ¢ LIaroM He Golee

1/3hy m me Gomee 300 mM. CrepxHH, Ommkaiiliie K KOHTYpPY Tpy30BOHM IUIOIIAIH,

pacinoJiararotr He Ommke b U HE najee 3 OT 3TOI'0 KOHTYypa. HpPI 3TOM IIWpHHA 30HBI
3 2

TIOCTAaHOBKH TOIEPEYHOH apMaTypsl (0T KOHTypa IPy30BOi IUIOIIALK) HOJDKHA OBITH HE
MmeHee 1,54, Jlomyckaetcs yBenudeHue 1iara momnepeqHoii apmarypst a0 1/2hy Tlpu 3ToM
cllenyeT  paccMaTpuBaTh  Hamboiee  HEBBITOTHOE  PACIIONOXKECHHE  MHPaMHALI
HPOAABINBAHKUSA U B pacyere YYUTHIBATH TOJBKO apMAaTYpPHEBIE CTEPXKHH, NEPECEKAIOIIUE
NUpaMUIy TPOAABIHBAHMS.

PaccTosHHS MeXIy CTep)KHAMH MONEpevYHOM apMaTypbl B HAIpaBICHHH,
HapayIelbHOM CTOpPOHaM pacHeTHOro KOHTYpa, MpHHHUMAIOT He Oosiee 1/4 muMHED
COOTBETCTBYIOIIIEH CTOPOHEI PACUETHOTO KOHTYpA.

INonepewHass apMarypa, IpefyCMOTpeHHas M BOCHPHATHUS IMOMEPEYHEIX CHII,
JOJDKHA HMeTh HaJeXHYI aHKepOBKY IO KOHLIAM IIyTeM MpUBAPKH HIIH OXBaTra
HPOZIONBHOHN apMaTypsl, 00eCIeUHBAOIIYI0 PABHONIPOYHOCTE COSANHEHUN U IIONIEPEUHON
apMaTypsr*.
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Anxepoexa apmamypul

AHKepOBKY apMaTypbl OCYIICCTBIIAIOT OJHAM U3 CIEAYIOUHX CIOCO00B MM HX
COYETaHUEM:

- B BHJIe IPAMOTO OKOHYAHWUS CTepXKHA (TIpsMasi aHKepOBKa);

- ¢ 3aruboM Ha KOHIlE B BHAE KpIOKa, oTruba (Jamku) wid HeTIH (TOJIBKO A
HeHalpsAraeMoii apMarypel);

- ¢ TpPHBapKOH [OMOJHHTEIBHBIX IIONEPEYHBIX CTEpXKHEH, PpacloI0KeHHBIX
MomepeKk OCH aHKepyeMOro apMaTypHOTO CTepkHS (Tonbko A HeHampsraeMoi
apMaTypsl);

- C YCT2HOBKOH IOMOJHUTENBHBIX apMaTypHBIX u3fenuii B Buje I1-oOpasHbix
CTepXxHEH C 3aBe/icHHEM KOHLIOB B CXKATYIO 30HY 6eToHa Ha IJIMHY aHKEPOBKH, CBapHBIX
CETOK B HAIPABJICHAM aHKEPYEMOTO apMATYPHOrO CTEPXHA (TOMNBKO JUIsi HEHANpAraeMoi
apMarypsl);

- ¢ TMpHUMEHEHWEM CHeUHaNbHBIX AaHKepHBIX YCTPOHCTB Ha KOHIIE CTEpKHA
(mnactuH, maif, rack, BEICAKeHHBIX TOJIOBOK H T.I1.).

PazMepsl aHKEpHBIX YCTPOHCTB M JONMOJNHHUTENBHBIE IOMEpedHble CTePKHI
OIIPEIEILIIOTCS C YIEeTOM IIPOYHOCTH O6€TOHA Ha CMATHE 1O HUMH.

TIpu pacuere [UIMHBI aHKepOBKH apMaTypsl CIEAYeT YYHTHIBATh CIIOCO0
aHKepOBKH, KJacc apMaTyphl U ee MpodIib*, quaMeTp apMaTypsl, IPOYHOCTh GeTOHa M
€ro HallpsHXKCHHOE COCTOSHUE B 30HE aHKECPOBKH, KOHCTPYKTUBHOEC PCIICHUEC DJICMCHTA B
30He aHKEPOBKM (HaIW4{e IIONEpedHOH apMaTyphl, HOJIO)KEHHE CTEpXKHeHd B cedeHHH

aNIeMeHTa U 1p.).

* BO3MOXKHBI JOpYTHe CIOCOObI aHKepOBKH, coriacoBamuble ¢ HUNMKB wwm.
A.A. T'Bo3neBa.
Jlamky, KproKW U MEeTIH He peKOMeHIyeTcs IPUMEHATh IS aHKePOBKH CXKATOM

apMaTypHlL.
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Ba3o0By0 (OCHOBHYIO) JUIMHY aHKEPOBKH, HEOOXOAUMYIO IS Tepesiaud yCHIIHs B
apMaType ¢ TIOJIHBIM pacueTHHIM 3HaueHHeM CONPOTUBNIEHNUA R, Ha 6eTOH, ONpeerIoT 10
dopmyne

] el , 3.1

rae

A ¥ U — COOTBETCTBEHHO IUIOLIAJB HOMEPETHOTO CeYeHHs aHKePYeMOTO CTepIKH:A
apMaTyphl H HepUMeTp ero cedeHus, oIlpefelieMble 0 HOMUHAJIBHOMY IHAMETPY
CTepIKHS;

Rpond — PaCHeTHOE  CONPOTHBIICHHWE  CIEIUIEHHA  apMaTypel ¢  GeToHOM,
IPUHAMaeMoe PaBHOMEPHO paclpefieNleHHBIM T0 JIHHE aHKEPOBKU M ollpefieliieMoe Mo
dopmyne

Rypona =My "Mz "Ry, (3.2)
371eCh

Ry, — pacdeTHOe COIPOTUBIEHHe OETOHA OCEBOMY PACTSKEHHIO;

11 — KO3(pQUIHMEHT, YUUTHIBAIONMII BIUSAHHE BHOA IIOBEPXHOCTH apMaTypHl,
IIPMHUMaeMBIi paBHBIM:

1,5 — nns rmagkoii apMaTyphl;

2,0 — s xonoxHOAehOPMUPYEMOH apMaTyphl EPHOAUYECKOTO MPOQUIIS;

2,5—n1ns ropsyeKaTaHO# M TepMOMEXaHHYeCKH oOpaboTaHHOH apMaTyphl ©
JBYXCTOPOHHHM CEPIOBUIHBIM IIepHOANYecKHM mpodmieM ¢ fr < 0,075 u apmaTypsl ¢
KOJIBLIEBBIM MIpoduieM;

2,8 — nanda apMaTypel C YeTHIPEXCTOPOHHHM CEPIIOBHIHEIM IEPHOAUIECKHM
npoduiieM c fz> 0,075 (nanpumep kiacca AS00CTI [2]);

12 — KO3 HUILMEeHT, YYUTHIBAIOUMI BIMSHHE pa3Mepa AWaMeTpa apMaTypsl,
IIPMHUMAaeMBIi paBHbIM:

M2 = 1,0 — npu nuamerpe apmMaTyphl d, < 32 MM;

12 = 0,9 — npu muametpe apmatypsl 36 u 40 Mm;
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TpebOyeMyto pacueTHYrO JUIMHY aHKEPOBKH apMaTyphl ¢ yIeTOM KOHCTPYKTHBHOIO

pelieHus 3leMeHTa B 30HEe aHKEPOBKH OIpeIelISIOT 1o popMyie

I (3.3)
s.ef
rae

lo.an — Ga30Bas JUIMHA aHKEPOBKH;

A cat, As,er— TIIOMARN TONEPEIHOTO CEYEHHS apMaTyphl, Tpebyemas Mo pacdeTy U
(akTHUecKH yCTaHOBICHHAs COOTBETCTBEHHO;

o — K03 QHUIHMEHT, YINTHIBAIONHI BIHAHHE Ha JUIMHY aHKEPOBKH HANpPSHKEHHOTO
cocTosHHA OeToHa M apMaTypsl M KOHCTPYKTHBHOTO PpEIICHHS »SIeMEHTa B 30He
aHKEPOBKH.

Jis HeHanpsiraeMoH apMaTypbl IpU aHKEPOBKE CTEp)KHEH MepHuoAndECKOro
npodmIs ¢ IpAMBIMH KOHIIAMH (TIpAMasi aHKePOBKa) MIIH TNIIKOH apMaTyphl ¢ KpIOKaMH
WITH TeTIISAMHU (€3 JOIONHUTEbHBIX aHKePYIOUIUX YCTPOHCTB JUI PacTAHYTHIX CTepKHeH
HNPHHUMAIOT o = 1,0 , & JUIA CXKATBIX — « = 0,75 .

Homyckaercst yMeHbIIATh [UIMHY aHKEPOBKY CTEpXKHell HeHanpsraeMol apMaTyphl
B 3aBUCHMOCTH OT KOJMYECTBA M JUaMeTpa MONEPedHOH apMaTyphl, BHJA aHKEPYIOIIUX
YCTpOMCTB (TpUBapka AOMOTHUTENBHBIX IOMepedHbIX CTep)XKHel, 3arub KOHIIOB CTepKHeH
[ePUOMYECKOro NpoGuIIst) U BEIMIMHBI IONEPEYHOro 00karust 6eToHa B 30HE aHKEPOBKHU
(HampuMep, OT OTIOPHO# peakIuK), Ho He Gonee geM Ha 30%.

KomiiekcHol, Kak  IpaBWiIO, HOPMHPYEMOH B  HAcTOSIIee  BpeMs
XapaKTEPUCTUKON aHKepyIolleil CIOCOGHOCTH HEPUOAMYECKOTO0 MHPOQMIS apMaTypEl
SIBTISIETCSA 3HAYEHWE OTHOCUTENBHON IO CMSATHS TOMEpeYHBIX pebep Ipoduit fz

(xputepuii Pema)

rae

d, — HOMHHAJILHBIH THaMeTp apMaTyphl;
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t —mar MONEPCYHBIX BBICTYIIOB;

Acm_ Iomanas CMATHS, ONIPEACIIIEMas KaK IMPOCKIHUA MONCPEYHBIX BBICTYIIOB

npoduis Ha IIOCKOCT, MEPICHANKYIAPHYIO OCH apMaTyPHOTO CTEPIKHS.

B sto6oM ciydae QaxTHgecKyro JINHY aHKepOBKH MPHHUMAIOT He MeHee 15d; u
200 MM, a 111 HeHaNpsAraeMeIX cTepskHel Takke He MeHee 0,3/ 4.
Ycunue, BOCTIpUHUMaeMOe aHKepyeMbIM CTepKHEM apMaTyphl N, onpeelsoT Mo

bopmyne

3.4

TIe

A
!, — IMMHA aHKEPOBKH, MPUHHMASI COOTHOIIIEHHE <ol _ | |
A

s.ef

[;—paccrosiHMe OT KOHIIA aHKEPyEMOIO CTepXXHS [0 paccMaTpHBaeMOro
IIOIIepevHOr0 CeueHHs 3JIeMeHTa.

TIpu ycTpolicTBe Ha KOHITaX CTep)KHEH CIeLMalbHBIX aHKepOB B BHAE ILIACTHH,
mai6, raek, yrojikoB, BEICA)KEHHBIX IOJIOBOK H T.II. IUIOLIAAbh KOHTAKTa aHKepa ¢ 6ETOHOM
JOJDKHA YIOBIETBOPATH YCJIOBUIO NpO4HOCTH GetoHa Ha cmsarue. Kpome Ttoro, mpu
NPOEKTUPOBAaHWM  NpPUBAPUBaeMBIX  aHKEpPHBIX  JeTajleifi  clefyeT  ydYWTHIBAaTh
XapaKTePHCTHKH MeTaJlIa 10 CBAPUBAEMOCTH, a TaKXKe CIIOCOOHI U YCTIOBHA CBapKH.

Coedunenus nenanpazaemoil apmamypul.

Jis coenpHeHus HeHampsiraeMoil apMaTypbl NPHHHMAIOT OOUH M3 CIEHyIOIAX
TUIOB CTHIKOB:

a) CTHIKM BHaXJIECTKY 0e3 CBapKu:

- ¢ IPAMBIMHA KOHLIAMH CTePKHEH TepHOIUIECKOro IpodHIL;

- ¢ IpAMBIMH KOHLIAMH CTepKHeHd ¢ IpHBapKOH HJIM YCTaHOBKOH Ha nymHe
HaXJIECTKH MOIIePeYHBIX CTep)KHEH;

- ¢ 3arubaMH Ha KOHIAX (KPIOKH, JIATIKH, ETIIH); TIPH 3TOM IUIA TIaAKHX CTepKHeH
TIPUMEHSIOT TONBKO KPIOKH U TeTIH.

6) CBapHBIC © MCXAHUYECCKHUE CTBIKOBBIC COCTUHCHUSA !
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- CO CBapKO# apMaTyphI;

- ¢ TMpHMEHEHHEM CHelMalbHBIX MeXaHW4eCKMX YCTpPOHCTB (CTBIKH C
OIIPeCcCOBAaHHBIMU My(hTaMH, pe3bOoBbIMU MydTaMH U Jp.).

CTblIkM apMaTypel BHaxXiecTKy (6e3 cBapkh) HPHMEHSIOT IpH CTHIKOBaHHH
cTepkHel ¢ AuameTpoM paboueit apmarypsl He Gonee 40 MM.

CTBIKH pacTSHYTOH HIM CXaToif apMaTyphl NO/DKHBEI UMETh IUIHHY Iepelrycka

(HaxJecTKH) He MeHee 3HaYeHUA [UIHHEI /;, onpenensieMoro o gopmyie

4

L=a-l,,, —2¢ (3.5)

1 “Yo,an Awf

TIpu coemuHeHWH apMaTypBl TIepHOAUYECKOTO TPOGUIL ¢ TPIMBIMH KOHIIAMH, a
TaKoKe ITMafKUX CTep)kKHel ¢ KpIOKaMU WM IeTIIMU 0e3 HOIONHUTENBHBIX aHKePYIOIINX
yCTpoicTB KO3(GUIMEHT o JUIS pacTAHYTOH apMaTyphl HIPHHHUMAIOT paBHBIM 1,2, a 1
ckaToit apMatypsl — 0,9. IIpu 5ToM JOMKHEI OBITH COOTIONEHHI CEAYIONINE YCIOBUA:

- OTHOCHTEIIBHOE KOJHMYECTBO CTHIKYEMOM B OAHOM PACUETHOM CEYeHHH 3JIeMEHTa
paboueil pacTAHyTOI apMaTypHl IepHOIUIECKOT0 PO JOKHO OHITE He Gonee 50%,
rMagkoi apMaTyphl (C KPIOKaMH WITH TETIIIMH) — He Gosiee 25%;

- ycunue, BOCIpUHMMaeMoe Bcell TMONepeuHOil apMaTypol, MOCTaBIEHHOH B
Ipenenax CThIKa, IOIDKHO OBITH He MeHee MOJOBHHBI YCHIHS, BOCIHPHHHMAEMOTO
CTBIKyeMOil B OHOM pacyeTHOM CEYEHHUH dJIEMEHTA pacTAHyTol paGoyeii apMaTypoif;

- paccTOsHHE MeXIy CTHIKyeMBIMH Pa0OYMMH CTEPKHAMH apMaTyphl He JTOJDKHO
IpeBHINAaTh 4d;;

- pacCTosHHE MEXKAy COCCAHMMH CTHIKAMH BHaXJIecTKy (IO IIMpHHE
KeEe300€TOHHOTO JIEMEHTA) TOJKHO ObITh HE MeHee 2d; u He MeHee 30 MM.

B kavecTBe OJHOTO PpAacYeTHOTO CEYEHHS 3JIeMEHTa, PacCMaTpUBAeMOTrO st
omnpeJielleHHs] OTHOCHUTENIBHOTO KOJNHYeCTBA CTHIKYEMOIl apMarypsl B OJHOM CEYeHHH,
NPUHUMAIOT YYacTOK 3JIeMeHTa BIOJE CTBIKyeMOM apMaTypbl IiuHo# 1,3 /; . Cunraercs,
YTO CTHIKH apMaTyphl PAacloNIOKeHbl B OJJHOM PAacuyeTHOM CEYeHHH, eCH LEHTPHI STHX
CTBIKOB HaxoJATCs B MpejeNnaX JUIHHBI 3TOr0 y4acTKa.

Jonyckaercs yBeNM4YMBATH OTHOCHTEIBHOE KOJNMYECTBO CTHIKYeMO B OXHOM

pacueTHOM cedeHMH 3JeMeHTa pabGoueil pacTaHyToil apMaTypbl mo 100%, mpuHmMas
76



3HaueHne kodddunmenta o paBHEM 2,0. [Ipr OTHOCHTEIEHOM KONIUYECTBE CTHIKYEMOI B
OIHOM pacueTHOM CEeUeHHM apMaTyphl Iepuoandeckoro npoduis 6omee 50% 3HaueHus
KO3 pUIIMEHTA ¢ OTIPEIENIOT IO TMHEHHOH UHTePIOISIIHY.

Ilpy HanW4YHMA JOHMONTHUTENBHBIX aHKEPYIOUINX YCTPOMCTR HA KOHLAX CTHIKYEMBIX
cTepkHell (TpHBapKa IIONEPEeYHON apMaTyphl, 3aruba KOHIIOB CTHEIKYEMEIX CTepikHed
MePHOANIECKOro NMpoGuUIsL U Ip.) UTHHA Iepellycka CTBIKYeMBIX CTep)KHell MOoXeT OBITh
YMeHbILIeHa, HO He Gonee geM Ha 30%.

B moGoMm cmyuae dakTudeckad [UIMHA Tlepellycka TODKHA OBITH He MeHee

0,4a1; ,, , He MeHee 20d, 1 He MeHee 250 MM.

Ilpu coemuHEeHHH apMaTyphl C HCIIONB30BaHUEM CBAapKH BBEIOOp THIIOB CBApHOTO
COETUHEHUS MU CMOCOOOB CBAapKH IIPOM3BOIAT C YYETOM YCIOBUM BKCILTyaTaluu
KOHCTPYKIHUHM, CBapUBAEMOCTH CTald M TPeOOBaHMN IO TEXHONOTHH H3rOTOBICHUS B
cootBetcTBHM ¢ [[OCT 14098-2014.

Ilpy WcHONMB30BaHUM 1L CTHIKOB apMaTyphl MEXaHHYeCKHUX YCTPOHCTB B BHIE
MypT (MydTHl Ha pe3pbe, ompeccoBaHHEle My¢TEHl M T.JA.) HeCymas CIIOCOGHOCTB
My()TOBOTO COEJMHEHMA [JOKHA OBITh TaKoH JKe, YTO W CTHIKYeMBIX CTepKHel
(COOTBETCTBEHHO NPH PACTSKEHUH MM CxkaTHH). KOHIIBI CTHIKyeMbIX CTepikHeil ciexyer
3aBOJMTE Ha TPeOYyEMYIO INIHHY B MydTy, ONIpeAensieMylo pacieTOM HIH ONBITHBIM ITyTEM.

Ilpu wmcnonp3oBannu Myt Ha pe3pbe qomkHa ObITH obecmeveHa TpebyeMas
3aTspKKa My T Ui nukBuanuu modra B pe3nbe.

Tnymuie cmepoicru

Ilpn npumeHeHum rHyTOH apmarypsl (OTrHOBI, 3aru0bl KOHILIOB CTep)KHE)
MHHHUMAJBHBIH AMaMeTp 3armba OTAENBHOrO CTEPXKHA JOJDKEH OBITh TAKUM, 4TOOHI
n30eXxaTh paspylleHHs WM pacKajibIBaHHs OeTOHa BHYTpH 3aru0a apMaTypHOTO CTEPXHS
H €To paspylleHHs B MecTe 3aruda.

MuHUMaNBHBIH JHAMETpP ONPAaBKH oy U apMaTyphl MPHHUMAIOT B 3aBUCHMOCTH
OT JIaMeTpa CTEPXKHA d,He MEHee:

- U TIAJIKHX CTep XKHei

don = 2,5d; npu d;< 20 Mm;
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don = 4d npu d; > 20 MM;

- IS CTepXKHEH TIEPHOANIECKOTO TPOoduIIs

don = 5d mpu ds< 20 MM;

don = 84, mpu d > 20 M.

JuameTp ompaBKd MoOXeT OBITh TakK€ YCTAHOBJIEH B COOTBETCTBHM C

TeXHUYeCKUMH YCIOBHAMH Ha KOHKPETHBIH B apMaTypEI.

3.1.2 Ilnockue (GeckanuTe bHbIE) IUTHTHI MEPEKPLITHIA.

Tlpn BEIGOpEe KOHCTPYKTHBHOTO DeUIeHWs OIMpaHHs IUTMTHI Ha KOJOHHHI 0e3
KanuTenell HeoOXOOUMO IPeTyCMOTPETh YCHUICHHe INOMOJHHUTENHHEIM apMHPOBAHHEM
OIIOPHBIX YYAaCTKOB IUIUTHI C IENIBIO TIOBBIIIEHNs €€ CONPOTHBIEHHUS IIPOIABIUBAHUIO MTPH
9KCILTyaTallMOHHBIX Harpy3kax. ILIMTHBIE CHCTEMBI 53TOTO THIA TOAPA3NeTIOT Ha
peryIApHBIE U HeperyJIIpHbIe B IUIaHe.

K pezynaprvim @ naane OTHOCST CHUCTEMEI, B KOTOPHIX OCH HECYIIHX CTEH H
LEHTPHl KOJIOHH COBIAIAI0T COOTBETCTBEHHO C OPTOTOHAJIBLHBIMH OCAMH H TOYKAMH HX
IepeceUeHss B OPTOTOHAIBHOHM IPAMOYTOJBHOH ceTke IUTaHa ftaxeil. Jns Ttakmx
MepeKpHITHH OfHa TPeTh HIDKHUX MpONETHBIX W HaJOMOPHBIX MOJIOC ApMHPOBAHUA
JIOJDKHA IIPOAOIDKATHCA ITO HA3Y HEIPEPHIBHO.

st nepezynapmeix 6 naame, T.e. HE OTHOCALIMXCS K  PEryJspHBIM,
KOHCTPYKTUBHBIX CHCT€M PEKOMEHIyeTcsd ¢ Lelblo YHHQHUKaUd apMHAPOBAHUA
YCTaHaBJIMBaTh HIKHIOIO apMaTypy OAWHAKOBOH IO Bcell IUIOMIAAN pPacCMaTpHBAaeMOi
KOHCTPYKIIHH B COOTBETCTBHU ¢ MAKCUMAaIbHBIMH 3HAYEHUAMH YCHINH B POJIETE IUIHTHL

IIpn 3TOM OCHOBHYIO BEPXHIOIO apMarypy LerecooOpasHO NMPHHUMATh TakKo# Ke,
KaK U HIDKHAA, a Y KOJIOHH M CTeH yCTaHaBJIMBaTh NONONHUTENBHYIO BEPXHIOIO apMaTypy,
KOTOpasi B CyMMe C OCHOBHOH JIOJDKHa BOCIPHHHMATh YCHIUS, Pa3BHBAIOIMECS B
OTIOPHBIX 30HAX IUTUTHL.

INpu mponerax Oomee 6 M peKOMEHIYeTCs YyCTaHABIMBaTh 4acTh paboueii

apMaTypsl INTOCKHX GeCKaNUTENBHBIX IUIUT B BHUAEC CBApHBIX MPOJIETHBIX H HAZOMOPHBIX
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HernpepsIBHBIX (710 30%) U KOPOTKHX KapKacoB B HA/IKOJOHHBIX U MPOJIETHBIX MMOJOCAX B
IBYX HalpaBieHUAX (CKpBITBIe Oanku) (prucyHOK 3.1).

ITpu 5TOM HECKOIBKO KapKacoB, HENPEPHIBHBIX HIIH KOPOTKHX (HE MeHee IBYX),
JIOJDKHBI OBITH MPOITYIIEHEl CKBO3B TENO KOJIOHHBI.

JU1s cokpalieHns pacxona apMaTypbl MOXKHO TaKXe peKOMEHI0BAaTh YCTAHOBKY 1O
BCcell IUIOIamy IUIMTHl HIDKHeH M BepXHelf apMaTyphl, OTBevalomieli MUHMMAalIbHOMY
IPOLIEHTY apMHPOBaHUS, a Ha y4acTKaX, e JAeHCTBYIOIIHE YCHIMA NpPEBHILIAIOT,
BOCIIpHHMMaeMEbIe 3T0i apMaTypoi, yCTaHaBINBATh NOTOJIHUTENBHYIO apMaTypy.

BepxHss apmaTypa B 30He ONOpHI Ha IIAPHHE, paBHO# b = h. + 4h, nomxHa GBITH
pacmperneneHa ¢ Gojee YacTHIM [IaroM MPOJOJIBHBIX M HOMEpeYHbIX cTepxHed a < h,/2
(pucynoxk 3.8, B).

TInuTer 6e36a04HbIX GecKanuTeNbHBIX HEPEKPHITHI B IIPUOIOPHBIX 30HAX MOTYT
apMUpOBaThCS  CHCHHANBHBIMH ~ YHUQUIMPDOBAHHBIMH  HM3NCIHAMH  3aBOJCKOTO
n3roToBieHUsd. OHU MPeNOXPaHsIOT IEPEKPHITAS OT IPOAABINBAaHHUS B 30He ONHPaHUI Ha
KOJIOHHY U COYETa0T B ce0e BBHICOKYIO HaJIeXHOCTh C IIPOCTOTOH NMPHMeHEeHH .

B wacTHOCTH, AT 3TOTO UCTIONE3YIOT V-00pa3Hble apMaTypHBIE KapKachI-TECEHKH,
KOTOpBIe MPOW3BOAATCA IIPOMBIILUICHHBIM CIOCOOOM B aCCOPTHMEHTE C pPasIuIHOMN
BBICOTOH ¥ JIHHOM G0KOBUH (pucyHOK 3.2). Takue KapKachl yCTaHaBIHBAIOT B INIMTaX IO
IepUMeTpy 30H OIUpPaHHUs Ha KOJIOHHHI ¢ 3allelVIeHHeM 3a IPOJONBHYIO apMaTypy KOJIOHH
U obpa3oBaHNEM 3Be31000pa3Hoil B IUIaHe KOHGUIypaluH NONEPEeYHOr0 apMHUPOBAHM,
KaK [MOKa3aHo Ha pucyHKe 3.3.

VBenuueHHe CedyeHWs MOMEPeYHOil apMarypsl MOXeT OBITh JOCTHUTHYTO
TPYNIIOBEIM pPAacIIOJIOXKEHHEM TaKHX OJJIEMEHTOB B BHAe «ellouek». ['eomerpmueckue
IapaMeTpsl KaXIOTO OTHEIBHOTO 3JIeMEHTa 3aBHCAT OT TOJNMIMHBI ILIATHL M

HHTCHCHUBHOCTH HpOCKTHOﬁ Harpysku.
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Pucynok 3.1 — IIpuHnunuansHas cxeMa pacIioNoKeHHs apMaTyPHI UTHTH] HEPEKPHITHAS

Mecta cruba Takux apMaTypHBIX DIIEMEHTOB JOIDKHBI OXBATBIBATH CTEPXKHU
TIPOIOJILHON apMaTyphl KOJIOHH MU 3ariIyONAThCs BHYTPD CEYSHHUS KOJIOHH KaK MUHUMYM
Ha 50 MM. DT apMaTypHBIE IE€MEHTHl Pa3MeIllalOT MEeXIy BEPXHHM M HIDKHHUM CIIOSMH
apMaTypbl HpPHONOPHOW 30HBl IUIMTHL NepeKphTHA. OJHOBPEMEHHO OHM CIIy)XKaT
¢uKkcaTopaMi TIpH pacKiaike apMaTyYpHBIX CETOK M IOIONHHUTENBHBIX CTepxHeH
apMHUPOBaHMS IITUTEL

Ha pucynke 3.4 mpuseneH npyroil mpuMep apMUpPOBaHHSA IUIUT GeCKAMUTENbHbIX
HepeKPHITHl B 30HAX OIMPAHWs HA KOJOHHBI, TA€ HCIOIB3YIOTCSH YyHUDUIMPOBAHHbIE
CBapHBIe JIEMEHTHl HMHIYCTPHUAIBHOTO H3TOTOBJICHWs, [O3BOJIAIOMINE  H30€KaTh

IIpoAaBJINBaHUA IIUTEI ICPEKPBITHA.
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PrcyHok 3.2 - N30rHyThIl KapKac A5 NpeAoTBpaLleHns NpoAaBIUBaHUsS NauT

PucyHok 3.3 - CxeMbl pacCTaHOBKM U30MHYThbIX KapKacoB

PucyHok 3.4 - ApMaTypHblil 31eMeHT NPOTUB NPOAABAMBAHNA A1 NMPUOMNOPHbLIX 30H
nnocknx 6e36anouHbIX MepeKkpbITHi
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HapgexxHas aHKepoBKa NonepeyHoi apmaTypbl B BUfle BEPTUKa/IbHbIX apMaTypHbIX
CTEPXKHE 06ecneunmBaeTCsl BbICAXKEHHbIMU Ha WX KOHUAX MJOCKUMU TOMOBKaMu, a
TONWMHA 3aWMTHOrO Cnosi 6eToHa NAWTbI - MOHTXHbIMU [1-06pa3HbIMU  CKOGaMU-
CTOKaMM C MOABMXHbIMW M1aCTMAcCOBbIMM HAKOHEYHUKaMM, MO3BONSHOWMMY TOUYHO
perynmpoBatb 3TOT pasMep. CKOObI-CTOMKM Take MOXHO CMellaTb U MOBOpayMBaTh B
TOPU3OHTANIbHOM MNMOCKOCTW, 06ecreunBas ONTUMa/IbHOE PACTONOXKEHWE apMaTypPHbIX
3/1IEMEHTOB.

Takue apmaTypHble 371EMeHTbl W3rOTOBAAOT B  ACCOPTUMEHTE rabapuTHbIX
PasMepoB A/1s Pa3HbIX TOMLLMH NAUT. TpK MOHTaXe WX YCTaHaB/MBAKOT MOC/e PacKnafKu

HVDKHEW apMaTypsbl, Kak rnokasaHo Ha pucyHke 3.5.

PucyHok 3.5 - Mprmep pacCTaHOBKM YHU(MLMPOBaHHbIX CBAPHbIX 3/1EMEHTOB,

no3BosstoLLMe U36exaTb NPOAABNNBAHMS NEPEKPbITUI B MPUOMOPHOIA 30He

3.1.3 MAnTbl C KanuTensmmn

Kanutenn (UM KanuTennm C  HagKanuTeNbHbIMU - MAUTaMK)  MOBbILIAOT
COMPOTMB/IEHNE TPUOMOPHbLIX CEYEHU NANTbI U3rMBatOLWM MOMEHTaM U MOMepevHbIM
cunamM, a TaKkke 06ecrneuvBaroT BO3MOXHOCTb MepepacrpefenieHnst yCunuii ot onop B

MPONET 3a CUET NNACTMUECKOro Ae(hOPMMUPOBAHUMS CEUEHWNIA B NPeaenbHO CTaaun.
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KpOMe 9TOro, KaIlUTCJIH ITO3BOJISIOT ITIOBBICHTH XECTKOCTH HeperHTI/Iﬁ mpu
SKCILTyaTallMOHHBIX  HAarpys3kaxX, oOecneuywBas  BBIIONHEHHe  TpeGoBaHWMEl 1O
TPEIMHOCTOWKOCTH U OTPAaHUYEHHUIO IIPOrUOOB.

Hamnuwe xkamurtenell B 6e30alouHBIX NEpeKPHITHSAX IIO3BOISET pPacIoiararh
BOJIM3M KOJOHH OTBEPCTUA OJIA IIPOITYCKAa BEPTHUKAIBHBIX HHXCHEPHBIX KOMM}’HI/IKaHI/Iﬁ
ropaszno Goiee 6630HaCHO, €M B IIEPEKPBITUAX B BHAEC IUIOCKUX IUNIAT C
HEMMOCPECACTBCHHBIM OIMHPAHHUCM HA KOJIOHHBI. KOHC‘[’pyKTI/IBHaH cXeMa HeCYIero oCTtoBa
3[]aHus ¢ BKIIIOYeHHeM KanuTeneii Gonee 3ipekTHBHA B YaCTH CONPOTHUBICHUS Pa3BHTHIO
TPOTPECCHPYIOIIETO OOpyLIeHUss KOHCTPYKIHI 3JaHWs TPH CHIOBBIX BO3MEHCTBHIX
aBapuIHOrO Xapakrepa.

Hau6onee pacnpoctaHeHHBIMH (popMaMu kanuTenei kene300eTOHHEIX KOJIOHH B
TpaXJaHCKUX H MPOMBIIIJICHHBIX 3aHUAX SABJIAIOTCA MHPAMUAJAIIBHAA U TNIATHAA (I)OpMBI.

BapuanThl cxeM apMHpOBaHHS IUPAaMANABHBIX KaUTENeH TOKa3aHbl Ha pACYHKe 3.6.

28, 10
war 100...150 mm
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Pucynok 3.6 — BapuaHTEI cxeM apMHpOBaHHS MAPaMUTANTBHEIX KalTUTeIeH
Bapunantel apMHpoOBaHHS HepeKphITHS C NHPaMMAANBHEIMH  KallUTeIAMM

NPOWJITIOCTPHPOBaHEl Ha prCyHKax 3.6 m 3.7, a-T, a ¢ IUIMTHBIMH KaIHUTelsIMH — Ha

pucynke 3.8, a, 6.
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Ilpu GombOTIOM YHCNE OJMHAKOBBIX YYACTKOB IUIMTHI HEPEKPBITHS (peryisipHas B
INaHe KOHCTPYKTHBHAas CHCTeMa) B IeNIX OSKOHOMHH apMaTypsl IepeKpHITHe
MOZIPa3AICNAIOT Ha MPOJIETHBIE W HAJIOMOPHBIE MOJOCH (pUCYHOK 3.7, B, T).

B cBapHBIX ceTKaX B KadecTBe pabounMxX CTep)KHEH AMaMETpoM 5 MM U MeHee
clenyeT IPUMEHATH apMatypy Kiacca B500.

B obeux moyocax HIKHHE CTep KHH JOJDKHBI OBITH MPOMNIEHE! OT OCH MpojieTa B
KaXXIylo CTOpoHy He MeHee ueM Ha 0,35/ Ilpu 3TOM B HaJOmOPHOH MOJOCE CTEPIKHU
JIOJKHEI OBITH 3aBelleHBI 3a TpaHb KamuTeleld Ha IIMHY He MeHee 4eM Ha 10 quameTpoB
sTHx crepkHedl. CTepXHH BepXHeH apMaTyphl HaJOIOPHOH IIOJIOCHL HOJKHEI OBITH

3aBeJIEHE! 32 OCh PA/Ia KOJIOHH B KaXIyI0 CTOPOHY TakXe He MeHee 4eM Ha 0,35/,
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PucyHok 3.7 — Cxembl apMHpOBaHUs 6e30aI0YHEIX NepeKPHITHI C MApaMUIaIbHEIMU
HaJKOJIOHHBIMH KallHTEAMH:
a — MpoJIETHAsA apMaTypa, COCTOSMIAA U3 Y3KHX CBapHBIX CETOK; 6 — TO XKe, HaJJOTIOpHas
apMaTypa; B — IIpOJIeTHas apMaTypa, COCTOAINAs U3 BA3aHBIX CETOK U OTHAENbHBIX

CTepXHEMH; 2 — TO XKe, HaJJOIIOPHas apMaTypa
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Pucynok 3.8 — CxeMbI apMHPOBaHHs YIaCTKOB OIIMPAHUA TUIHT IEPEKPBHITHH (TIOKPBITHIA)

Ha KOJIOHHBI (IIUJIOHKI): a, 6 — C KalUTesAMHU; 8 — 0e3 Kanuresei;

2 — OKOHYaHHE CXKAThIX CTepXKHEel 61113 cBOGOHOI TOBEpXHOCTH G€TOHA
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3.1.4 ApMupoOBaHUe IUITMT NEPEKPLITAN B MECTAX OTBEPCTHIH

OtBepcTus 3HAUMTENBHBIX pasMepoB (300 MM u Goiee) B MOHOIHUTHBIX
KEJIe300€TOHHBIX IUIMTaX JOJDKHBI OKaWMJIATBCS JIONOJNIHUTEJBHONH apMarypou ¢
CyMMapHBEIM CEYEHHEM He MeHee ceueHHs pabodeil apMmaTypsl (TOro e HalpaBlleHUs),
KoTOopad TpebyeTcs Mo pacdeTy TUTHTHI KaK CIUTOITHO#H (puc. 3.9, a).

Oteepcrus 1o 300 MM IIpy apMHUpPOBaHMM CBapHBIMH CETKaMH W KapKacamu
CIEIMAIbHBIMY CTEP)KHAMH He OKaHMIISIOT.

ITpy apMHUPOBaHWM IEPEKPHITHS BI3aHBIMU KapKacaMH BOKPYT TaKUX OTBEpPCTHiA
YCTaHABIHMBAIOT IIO JBa JOIOIHUTENBHBIX CTEPXKHS ¢ MpoMexyTkoM 50 MM (puc. 3.9, 6).

ITpn apMHUpPOBaHMY TUINT TTEPEKPBITHIT CBAPHBIMU CETKAMH OTBEPCTUS Pa3MEPOM B
nonepevHuke MeHee 300 MM B apMarype peKOMeHIyeTcs BBIpe3aTh [0 MECTY.
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Pucynok 3.9 — ApmupoBaHHe IUIAT B MECTaX OTBEPCTHIA:
a, 6 — OTBepCTHS ITHPHHOM cooTBeTcTBEHHO Gonee 300 u mo 300 Mwm;
1 — cTep>kHH apMaTypBI IUTMTHI; 2 — CTIelHaTbHEIE CTEP)KHH apMATypbl, OKAHMIIAIOILIME

OTBepCTHE
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3.1.5 ApmupoBaHHe 10 CBOGOAHBIM KPasiM IVIHT NePeKPLITHIi.

JomonHutensHas OKafiMIIAIONMmas apMaTypa CIy>KUT IS BOCIPUATHS BO3MOXKHBIX
KPAaeBbIX HArpy30K, a TAKKe YCIIHI OT TeMIIepaTyPHBIX H YCaJI0IHbIX AehopManuii.

Tax xak Ha CBOGOIHBIX Kpasx IUIAT Pa3sBUBAIOTCA M3TrUOArOIIke YCHITHA U IPOTHOBI
OT PaBHOMEPHO paclpe/ielIeHHO Harpy3KH, 9acTo Gojee 3HAYHTENBHEIE [0 CPABHEHHIO C
npornbéaMH B OCTAallbHBIX 30HAX, IelnecooOpasHO IpefycMaTpHBaTh YCHJIEHHOE
apMHpOBaHMe KpaeBBIX 30H IUIUTHI, KaK IMOKa3aHo Ha puc. 3.10 umm e Hajlmdue KpaeBBIX
yTonieHui (6anokx).

Ilpu apMupoBaHWM CBapHEIMH CEeTKaMH HeOOXOAMMa YCTAQaHOBKAa Ha KpaeBBIX
y4YacTKax IUIOCKUX IUTAT NOIepedHoil apMarypsl B BuAe II-00pasHBIX 3IEMEHTOB
(TIOTTyXOMYTOB), O0ECTIEYHBAIOIIUX BOCIPUATHE KPYTSAIIHX MOMEHTOB H HAIEKHYIO

aHKEPOBKY KOHIIEBBIX Y4aCTKOB OCHOBHOM IIPO/IOEHOM apMaTypHL.

o «-/341“
]

>2h y

BapuaHT 2 j

BapwaHT 1

Pucynok 3.10 — JlononHuTepHas KpaeBas apMarypa INIAT
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IIPUJIOXEHHE 1. IIpumepsl pacueta
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B npmiokeHWM TPEACTABIEHHI HPUMEPHl pacueToB 0e306alnodHBIX IUIAT
TIePEeKPLITHST MO TEPBOM U BTOPOM TpYNIaM IpefelbHBIX COCTOSHHUH, a Takke METOHBI
OIIpe/ie/IeHUs] BHYTPEHHUX YCWIMI JUIi JAibHEHIIAX pacdeTOB METONOM IPEACBHOrO
paBHOBECHSL.

B kadectBe mpuMepa pa3paboTaHa IPOCTPaHCTBEHHas KapKacHas KOHCTPYKLIHA
6e36aoyHOrO Kapkaca, ¢ pasMepaMH IpojeTHol s4efiku 7,2x6 M. Kapkac npencrasnser
coboif 2-3TaXHOe 5-poJieTHOe BO B3aMMHO-NEPNEHAMKYIAPHBIX HAIPaBJICHHIX
coopykeHue ¢ obumm rabaputom B miane 36x30 M (LxB). Bricora staxa 3 M. ITmura
mpuHsTa ToNmuHOH 200 MM, KomoHHEI 400%400 MM.

Jia onpeneneHus BHYTPEHHUX YCHIIMH PACCYMTAEM TPHHSTHEIA KapKac METOIOM
KOHEUHBIX 3neMeHToB (MKD) 1 MEeToI0M 3aMeHSIOLIHNX paM.

Pacuer MeTO/IOM 3aMEHSIIOIIMX PaM NpeJICTaBleH Ha cTp. 121.

MopenupoBaHie pacdeTHOIHl CXeMBl HecCylllero Kapkaca Ha OCHOBE KOHEYHBIX
3NEMEHTOB M pacyeT BBIMONHEH C MCIONB30BaHHEM IIpOrpaMMHOro Komiuiekca Jlmpa-
CATIIP 2013 (ID 786986605), ceprudummpoBaHHOrO Ha TeppHTOpHH Poccuiickoit
®Oenepanun (ceptudurar coorBeTcTBUA Ne 0896386).

MogenupoBaHre BBIIOJHHM B JIMHEIHOH (YHpPYyroil) U HelHWHEHHO#H (HEympyroit)
IIOCTaHOBKAX 3a/ayM.

B kauecTBe pacyeTHOW MOJeNH HCIOJNb30BaHA IIPOCTPAHCTBEHHAs CTep)KHEBas
MOZeNnb, B KOTOPOM KOJIOHHBI 3alaHbl YHHBEPCAIbHBIMH  [POCTPAHCTBEHHBIMH
cTepkHeBBIMH deMeHTaMu (KO Tum 10), a sxene306eTOHHBIE INUTHI MEPEKPHITHI 3aJaHBI
YHHBEPCAJIbHBIMH YETHIPEXYrOJIbHBIMM 3JeMeHTaMu obonouku (KD tun 44) ¢ marom
TpHaHTYIAIUOHHO# ceTku 0,2 M. Kpome TOro, mMojenupoBaHue 30H ONMPAHHS IUIUThHI
MepEeKphITH] Ha KOJNOHHBI BBHIIOJHEHO C IIOMONIBIO TAaK Ha3BIBaeMbIX «AOGCOMIOTHO
xkectkux Ten (AXKT)». Yuer Heympyroil paboTel (¢pH3udeckas HeNHHEHHOCTH) YUYTeH
KOCBEHHO, C MOMOINBIO IOHIDKEHHBIX 3HAYEHWH MOAYJA YINPYroCTH MaTepPHaloB B
coorBerctBul ¢ CII 52-103-2007. Mogyns ympyroctu mis KD miut npuHHMaeTcs
NOHMKEHHBIM ¢ koa3ddunuenToM 0,3 (pu BbIYKCIeHUH yownuii) u 0,2 (Ipy BEIYACICHHUH

MepeMeleHnii), YYUTHIBAIOIUM TOJ3YYecTh OeTOHAa W HAIHYHe TpewuH. MoIyis
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YIOPYrocTH JUIi BEPTHKAIBHBIX DJJIEMEHTOB TpHHHMaercsi ¢ Koddduimentom 0,6,
YYUTHIBAIOLIMM TOJBKO ION3y4YecTh OeTOHA.

IMpn MopenupoBaHMM HENMHEWHOH MOJENH B KadecTBe pabovMX JUarpamm
MPHHATHl YIPOIICHHBIE NBYXIHHEHHBIE AMArpaMMEl 0 THIy auarpamM Ilpanaris. Ilpu
5TOM TOYKa AWAarpaMMbl, COOTBETCTBYIOIIAs MaKCHMalbHOH AedopMmamum apMaTypEl
MOJHATAa OTHOCHTENBHO TOYKH IlepelioMa JABYXJIMHeHHO#H IauarpaMMEl Ha BEIHYHHY,
06pasyIolryIocs HaKIIOHOM BTOPO#T BETBU AHArpaMMbl Ha Yroii, paBHbii 1°. MonenoBanne
30H OIMpaHUs ITUTHI HepeKPHITHI Ha KOJOHHBI BEIIONHEHO Ge3 CO3MaHus MPOEKIHH Tella
KOJIOHHBI B CETKE KOHCYHBIX J3JIEMEHTOB IIITUTHI (C03JIaHI/Ie <(a6COJ'[IOTHO KECTKUX TECJI
(AXKT)» He npemxycMOTpEeHO caMHM pacdeTHBIM KoMIulekcoM «JIupa» B pamkax
HenuHeitHo# 3anaun).

VY3/IBl OCHOBaHMS KOJIOHH IIEPBOrO 3TaXa 3aKpeIUIeHbI XXECTKO IO BCeM 6-TH
CTeTIeHSIM CBOOOIEI.

B pesymprare BEINOMHEHHS KOMIUIEKCA pACcdeTOB IONMY4YeHBl YCHIHA U
IepeMeIleHNs BO BCeX KOHCTPYKTHUBHBIX 3J1€MEHTaX pacyeTHOH CXEMBI.

Hanee OBLT BEIMOJTHEH KOMIUIEKC CTaTHUECKHX PacueTOB MO NEpBOH U BTOPOH
TPyNIIaM MpeJeNbHBIX COCTOSHHUM, U MPOBEACH aHAIH3 HANPSKEHHO-Ie()OPMHPOBAHHOTO

COCTOsIHUA J3JICMCHTOB INIMTBI ¢ TOYKH 3PCHHA BBINNOJIHCHHUS neﬁcmyxoumx HOpM H

TpeGoBaHUH.
Jjist pacyeTa MOZIENN COOPYXKESHHS TIPHHATEI CeAyIOIIHe Harpy3Ku:
Hopmar. PacuetHoe
IInotHOCTH
3HaYeHHe 3HaYeHHe
Cocras Tonmuna, M Marepraia ¥c
Harpysku HarpyzkH,
(kr/m) , )
(xkr/m) (kr/m”)
MoHonuTHas _
1 0,20 2500,00 500,00 1,10 550.00
Kb nnura
2 Tlosnst 0,10 2000,00 200,00 1,30 260.00
3 [Teperopoaku - - 65,00 1,30 84.50
C
yMMapHas 765,00 894,50
NOCTOAHHAA
Bpemennas CIT120,13330,2011 200,00 1,20 240,00
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Pucynok ITl — Cxema pacrnonoxeHust BEPTUKAJIBHBIX 1 TOPU30OHTANIBHBIX HECYIIMX

JJIEMEHTOB KapKaca
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MeTo4 KOHeUHbIX 3/IEMEHTOB

PucyHok 'O - KoHe4yHo-3nemeHTHas mogens Kapkaca (MK3). O6wuit Bug

[ns OUeHKM MPOYHOCTU, TPELLMHOCTOMKOCTU U AePOPMaTUBHOCTN KOHCTPYKLMIA
Kapkaca COOPY)XeHWS PacCMOTPeHbl HOPMATMBHbIE U pacYETHbIE COYETaHWA Harpysok.
Mpuyem  paccCMOTPeHbl MO  OTAENbHOCTM  HOPMATWMBHbIE  KPATKOBPEMEHHbIE U
HOpMaTMBHbIE A/INTeNIbHble COYETaHUA Harpys3ok.

B pe3ynbTate pacyeTa KOHEYHO-3/IEMEHTHOM MOJENM MNOAyYMMm Cregyrolmne

n30N0s N3rnbaroLnx MOMeHToB (hparmMmeHT):
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PucyHok M3 —30nons n3rmnbarowmx MOMeHToB MX OT MOJHBIX PaCYETHbLIX Harpy30K

PaccMOTpUM pacyeT MPOYHOCTV HOPMa/IbHOTO CEYeHWs MAWTbI B 30HE OMNMpaHus Ha
KOMOHHY Mo ykasaHusm CIM 63.13300.2012 Ha [JelicTBME MaKCUManbHOro W3rnbaroLLero
MOMEHTA.

PacueT BbINOMHWUM 1S OMNOPHOrO y4acTKa MepeKpbiTUA, PacnONOXEHHOr0 B 0CAX
2/b.

B kauyecTBe OCHOBHOFO apMMpoBaHWs NAWUTbl (MO BCe Mmaowagn NAuTbl) NPUMEM
ropu3oHTanbHOe apMupoBaHue U3 apmaTypbl knacca A500C B BUAe CTepXHel gnameTpom
12 mm ¢ warom 200 mm. Takke B paccMaTpyvBaemMOil OMOPHOM 30HE YCTaHOBUM
[OMNONHUTENIbHOE apMUpPOBaHME M3 CTepXHel AmameTpom 25 MM c warom 200 mm,
KOTOpOe HeobXoAuMMO U3 pacyeTa MO BTOPOW Trpynne MpefenbHbIX COCTOSHWIA

(TPELYMHOCTOMKOCTD).
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Knacc 6erona o nmpo4Hocty Ha cxatue B25.

Hcxoonwvie dannvie:

SalnUTHBLH CIOM:

-ag=3cMm=3/100=0,03 m;

-a's=3cm=3/100=10,03 m;

IInomane HeHanpsAraeMoii HanGoJee PaCTAHYTOM NPONONBHOM apMaTypHI:
(CrepxHeBad apMaTypa, fHAMETPOM 12 MM, 5 TIIT. B IUAMETPOM 25 MM, 5 IIT.):
- As=30,19 cm 2 =30,19 / 10000 = 0,00302 M 2,

IInomans HeHaMIpATraeMoi CXKaToOM MM HAMMCHEE PACTAHYTON MPOJONBHON apMaTyphl:
(CrepxueBas apMarypa, tuaMmerpom 12 mm; 5 mmir.):

- A's=5,7cM 2 =5,7/10000 = 0,00057 m 2;

PasmMepsl ceveHus:

-h=20cmM=20/100=0,2 m;

-b=100cM=100/100=1 m;

Yewnsa:

-M=114T1cM=11,4/101,97162123 =0,1118 MH m;

Peszynomamer pacuema:

1) PacueTHoe conpoTuBiicHNe GeToHA

Kiacc 6erona - B25.

ITo Ta6m1. 6.7 Rbn = 18,5 MIla .

ITo Tabn. 6.7 Rotn = 1,55 MlIa.

ITo ta6m1. 6.8 Rb = 14,5 MIIa .

Ilo ta6n. 6.8 Rbt = 1,05 MIIa .

B=25.

2) Vuer ocobenHocTeil paboTel 6€TOHA B KOHCTPYKIIUH
gbl=1.

gb3=1.

gha=1.

gbs=1.

Rb=gbl gb3 gb4gb5Rb =1-1-1-1-14,5=14,5MIla.

Rb =mkp gbl gb3 gb4 gbSRb = 1-1-1-1-1-14,5=14,5MIIa.
Rbt=gbl Rbt =1 -1,05=1,05MIIa.

Rbt=mkp gbl Rbt =1-1-1,05=1,05MIla.

3) PacueTHbI€ 3HAYEHH IPOYHOCTHBIX XAPAKTEPUCTHK APMATYPHI
PacueTHBIC 3HAYEHNA IPOYHOCTHBIX XapaKTEPUCTHK apMaTyphl
Kitacc HeHanpAraeMoii MpoxoIbHOH apMaTypsl - A500.

Rs =435 MlIla.

Tx.gbl1 >=1:

Rsc =400 MITa .

Rs=1‘l’lkpRs=1 -435=435MIla.

Rse = mkp Rsec=1" 400 =400 MI1a .

4) 3HayeHue MOJYJIS YIPYTOCTH apMaTyphl

Es = 200000 MIIa .

5) OnpezelicHNE 3HAYECHNS HAYAIBHOIO MOJIYJIS YOPYIocTH GeToHa
ITo tabxn. 6.11 Ep = 30000 MITa .
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6) OnpeienieHrie rPAHUYHOM OTHOCHUTEIBHOM BBICOTEI CKATOM 30HbI

es, el = Rg/Eg = 435/200000 = 0,00218 (dopmyna (8.2); m. 8.1.6 ).

Tx.gh1>=1:

eb2 = 0,0035 .

7) Ilpomomxkenne pacuera no m. 8.1.6

xR = 0,8/(1+eg, el/eb2) =
= 0,8/(1+0,00218/0,0035) = 0,49296 (popmyna (8.1); 1. 8.1.6 ).

8) Pacuer n3rn6aeMpIx 3JIEMEHTOB

T.x. Rs Ag =435 -0,00302 =1,31327 MH > Rsc A's =400 - 0,00057 = 0,228 MH :

x = (Rs As-Rsc A's)/(Rbb) =
= (435 - 0,00302-400 - 0,00057)/(14,5 - 1) = 0,07485 M (dhopmymna (8.5); m. 8.1 ).

ho = h-as = 0,2-0,03 = 0,17 M .

x = x/ho = 0,07485/0,17 = 0,44029 .

Tk x = 0,44029 <= xR = 0,49296;

Mult=Rb b x (ho-0,5 x)+Rs¢ A's (ho-a's) =
=14,5-1"-0,07485 - (0,17-0,5 - 0,07485)+400 - 0,00057 - (0,17-0,03)=0,17581 MH M
(popmyna (8.4); m. 8.1.9).

9) ITpoxoikenue pacueramo m. 8.1.8

M=0,1118 MH M <= Mylt = 0,17581 MH M (63,59138% oT npexenbHoro 3HaueHns) -
ycnosue BeimonHeHo (popmyna (8.3); m. 8.1.8).

Venoere HPOYHOCTH COOMIONAeTCs, OJHAKO COIJIACHO pe3yNIbTaTaM pacyera,
3HAUeHHWE OTHOCHUTENLHOM BBICOTBI CXaToH 30HBI X=0,44 TpeBHIIIaeT pPEeKOMEHIYEMOe
MaKCUMaJIbHOe 3HaueHHe xmax paBHoe 0,7%xR=0,7*0,49=0,34 (cMm. m.2.4 wHacrosIero
oCoOwMs).

s obGecniedeHrs TOCTATOYHOTO IS TIEpepacIIpefie/ieHHs] YCUINH IIacTHYECKOTO
nehOopMUpOBaHUSL apMaTyphl CllefyeT YBEIWYUTh BBICOTY CEUSHHs IUIUTH M HOm00parh
COOTBETCTBYIOIICe apMHPOBAHHE, IIPU KOTOPHIX OTHOCHUTENBHAS BBICOTA CXKATOU 30HBI
GeToHa IUTUTHI He IIPEBEICUT XMax.

B HameM nprMepe BBICOTY CEYEHHS I[UIMNTHl YBEJMYUM IIyTeM BBEICHHS B
KOHCTPYKLIIO KapKaca KanuTend. HasHauuM B HTOre CyMMapHyi0O TOMIHMHY (TUmTa +
kanutens) 300 MM, pasMepoM B IuTaHe 2,8%2,8M. ['opu3oHTaNBHBIIH Tabaput kKarmurenw 2,8 M
TPHHAT UCXOA U3 HEOOXOIUMOCTH 00€eCIiede s TPEIMHOCTOHKOCTH.

Torma ckoppeKkTHpyeM KOHEYHO-IEMEHTHYIO MOJIENh KapKaca COOPYXKEeHWS,
J00aBUB B MOJIENb KalUTelNb, UL TOTO YTOOBI TOJNYYHTh HOBBIE 3HAYEHHS W3rHOAIONIAX

MOMCHTOB.
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Pucynok I14 — Cxema xapkaca ¢ KanuTelsIMH

B pesynpTare pacueTa KOHEYHO-JIEMEHTHOH MOJIENH IOJIyYUM CIIEIyIOIINe

H30I10JIs1 U3rUOAIOIIX MOMEHTOB (pparMeHT):
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PucyHok M5 —13o0nons n3rnbatomx MOMeHTOB MXOT AeCTBUA NOJHbIX PaCHETHbIX Harpysok,
MakKc, Haj KOMIOHHOW B ocsiX 2/b- 15,2 TM, MakcuMym B nponete B ocax 1-2/6- 2,44 rm

PucyHok N6 —/13ononsa nrnbaroLmx MOMeHTOB MX 0T AeACTBUA HOPMATUBHbIX
KPaTKOBPEMEHHbIX Harpy3oK, Makc, Haf KONOHHOM B ocax 2/b - 13 T M, Makc, B MPoeTe B 0CAX
1-2[6- 21T M™
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PucyHok M7 - M30nons nsrmbarowmnx MoMeHToB MX0T AeACTBUA HOPMATUBHbIX ANTENbHbIX
Harpy3oK, MaKc, Hafj KONOHHO B ocax 2/6 - 10,3 T M, B nposnieTe B ocAx 1-2/6 - 1,65T-m

BbINOMHMM pacyeT NMPOYHOCTWM HOPManbHOTO CEYEHUSA MAUTbI C KarnuTenblo B 30He
ONMMpaHUs Ha KOMOHHY Mo ykasaHuam CI1 63.13300.2012 Ha AeiicTBUME MaKCUManbHOro
nsrnbarolero MomeHTa. PacyeT BbINOAHUM AN OMOPHOr0 Yy4yacTKa MNepeKkpbIThS,
pacnofioxxeHHoro B ocsax 2/b.

B KayecTBe OCHOBHOrO apMupoBaHWA MAUTbI (MO BCel NAOWAAW NAWTHI) NPUMEM
ropy30oHTa/bHOE apMUpoBaHue 13 apmaTypbl knacca A500C B BuAae CTepXKHeln guameTtpom 12
MM ¢ warom 200 Mm. TakXe B paccMaTpMBaeMOil ONMOPHOIA 30He YCTaHOBMUM [ONONHUTENbHOE
apMupoBaHue M3 CTEPXHeW gnameTpom 16 mm c warom 200 MM, KOTOpoe HeO6XOAMMO U U3
pacyeTa o BTOPOWA rpynne npefesbHbIX COCTOAHWIA.

McxoLHble faHHble:

3alNTHBIA Ccnoii:

-as=3cm=3/100=0,03 m;

-as=3cm=3/100=0,03 m;

Mnouwlagb HeHanpsraemoi Hambosiee pacTsHYTOV NPOAONbHON apMaTypbl:
(CTepxxHeBas apmaTtypa, guameTpoM 12 mm, 5 WT. u guameTpom 16 mMm, 5 WT.):
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-As=15,7 cm 2 =15,7/10000 = 0,00157 M 2;
IInoinaap HeHANPAraeMoO C)KaTOM NI HAMMEHEE pacTAHYTOM MPOAOJIBHON apMaTypHI:

(CrepxHeBad apMaTypa, AuamMeTpoM 12 MM; 5 miT.):

- A's=57cM 2 =57/10000 = 0,00057 m 2;

Pasmeps! ceyeHN:

-h=30cM=30/100=0,3 m;

Yewma:

-M=152T1cM=15,2/101,97162123 = 0,14906 MH M;
Pesynemamst paciema:

1) PacueTrHoe colpoTHBIeHHe GeToHA

Kiacc 6erona - B25.

ITo Ta6m. 6.7 Rbn = 18,5 MITa .

ITo Tabi. 6.7 Rbtn = 1,55 MIla .

ITo Tabmn. 6.8 Rb = 14,5 MIla .

ITo Ta6i. 6.8 Rbt = 1,05 MIla .

2) Yuer ocoGeHHOCTe#T paboTEI G€TOHA B KOHCTPYKITUU

gbl1=1.
gb3=1.
gba=1.
gbs=1.
mkp:l.

Rb=gbl sb3gb4gb5Rb =1-1-1-1-14,5=14,5MIla.

Rb = mkp gbl gb3 gb4 gb5Rb = 1-1-1-1-1-14,5=14,5MIlla.
Rbt=gbl Rbt =1 1,05=1,05MIla .

Rbt = mkp gb1 Rbt =1-1-1,05=1,05MIla.

3) PacyeTHBIC 3HAUYCHNS NPOYHOCTHBIX XapaKTEPUCTUK apMaTypPhI

PacueTHBIe 3HAYEHHS TPOYHOCTHRIX XAPAKTEPHUCTUK aPMATyphI
Knacc HeHanpsaraemoli mpogoasHoi apMaTyphl - AS00.

Rs = 435 Mlla .

Tk gbl>=1:

Rse = 400 MIla .

Rs:mkpRs=1 -435=435MIla.

Rsc = mkp Rse =1 - 400=400 MIIa .

4) 3HavyeHre MOy YOPYTOCTH apMaTyphl
Es = 200000 MITa .

5) Onpefenenye 3HA9€HUA HAYAILHOTO MOIYJIA YOPYTOCTH OeToHa
Io 1a6n. 6.11 Ep = 30000 MIIa .

6) Onpenenenre rpaHUYHON OTHOCHTENEHOM BEICOTE! CXATOM 30HBI

es, el = Rs/Eg = 435/200000 = 0,00218 (popmyna (8.2); . 8.1.6).

Tk gbl1>=1:

eb2 = 0,0035 .

7) Ilponomxkenue pacyera o 1. 8.1.6

xR = 0,8/(1+es, el/eb2) = 0,8/(1+0,00218/0,0035) = 0,49296 (dopmymna (8.1); m. 8.1.6 ).
8) Pacuet I/ISFI/IGaCMBIX JJIEMECHTOB

Tx Rs As =435 0,00157 =0,68295 MH > Rsc A's =400 - 0,00057 = 0,228 MH :

x = (Rs As-Rsc A's)/(Rp b ) =
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= (435 - 0,00157-400 - 0,00057)/(14,5 - 1) =0,03138 m (dhopmymna (8.5); m. 8.1 ).
ho = h-ag = 0,3-0,03 = 0,27 M .
x = x/hp = 0,03138/0,27 = 0,11622 ~ xmin.
Tx x=0,11622 <= xR = 0,49296;, x > 0 M :
Mult=Rbb x (h0-0,5 X)+Rsc A's (h()-a's) =
=14,5-1-0,03138 - (0,27-0,5 - 0,03138)+400 - 0,00057 - (0,27-0,03) =0,17043 MH M
(bopmyna (8.4); m. 8.1.9).
9) ITponxoinkenue pacuyera no . 8.1.8
M =0,14906 MH M <=Myl = 0,17043 MH M (87,46113% oT npeaeIbHOro 3Ha4eHHS)
- ycaoBue BeimonHeHo (popmyna (8.3); m. 8.1.8).

Pacyer mokaszam, 4To NpH IPHHATOH BhICOTE cedyeHHs IIUTBL — 300 MM H
apMmupoBaHHd — 12 MM + 16 MM ¢ marom 200 MM BelMYHHA OTHOCUTENBHON BBICOTHI CXKATOMH
30HBI GETOHA COOTBETCTBYET HALIMM PEKOMEHJALMAM M0 yueTy IUlacTidecKux Jedopmarmii
(n. 2.4. mocoOHs) W TOBOPHT O PAIMOHABHOM Ha3HAUYeHHWH OIIOPHOTO CEYeHWs IUTUTHI
TIEPEKPBITHS, B JAaHHOM CITyJae PelleHUH ¢ KAIUTEIBIO.

PaccMoTpyM aHANOTIYHBINA pacdeT IPOJIETHOTO CeYeHHs IUIUTHI (y4acToK B ocsix 1-2/B):

HcxonHble JaHHBIE:

3alIUTHBIHA CII0i:

-as=3cM=3/100=10,03 M;

-a's=3cM=3/100=0,03 m;

[Tnomans HeHampAraeMoii HauboJee pacTIHYTOH IPOJONBHOM aPMATYPBI:
(Crep:xHeBas apMarypa, quaMeTpoM 12 Mym; 5 mr.):

-As=5,7 cM 2 =5,7/10000 = 0,00057 m 2;

[I1omanp HeHanpsraeMoii ckaTol WM HaMeHee pacTIHYTOH NPOJOAbHOM apMaTyphI:
(CreprxueBas apMaTypa, JuaMeTpoM 12 Mym; 5 mrt.):

-As=5,7 eM2=15,7/10000=0,00057 m 2;

Pasmepwl ceuenus:

-h=20cMm=20/100=0,2 m;

Yewms:

-M=2,44 tc Mm=2,44/101,97162123 = 0,02393 MH m™;

Pe3ynbmamesi pacyema:

1) PacuetHoe conporuBieHne 6eToHa
Kiacc Gerona - B2S.

Beron - TsKenpIid.

ITo Ta6m. 6.7 Rbn = 18,5 MIla .

ITo Ta6xn. 6.7 Rbtn = 1,55 MIla .

ITo Ta61. 6.8 Rb = 14,5 Ml1a .

ITo Ta6xn. 6.8 Rbt = 1,05 MIla .

2) Vyer ocobeHHOCTE# paGoThl 6€TOHA B KOHCTPYKIIUH

gbl=1.
gb3=1.
gb4=1.
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gb5=1.

mkp=1.

Rb=gbl gb3 8b4 gb5Rp =1-1-1-1-14,5=14,5MIla .

Rb = mkp gb1 g8b3 gb4 gb5Rp =1-1-1-1-1-14,5=14,5MIla.
Rbt=gbl Rbt =1 -1,05=1,05 MIla.

Rbt=mkp gbl Rbt =1-1-1,05=1,05 MIla.

3) PacyeTHbIe 3HAYEHHS IPOUHOCTHBIX XaPAKTEPUCTHK ApMATYPBI
PacueTHiIe 3HAYCHHS NPOYHOCTHHIX XapaKTEPUCTHK apMaTYPhI
Knacc HeHanpsraeMoli npononsHoit apMatypsl - A500.

Rs =435 Mlla.

Tx.ghb1>=1:

Rsc =400 MITa .

Rs=mkp Rs=1"-435=435MIla.

Rse = mkp Rsc=1-400=400 MIIa.

4) 3HaveHUEe MOJTYJIA VIIPYTOCTH apMaTyphl

Es =200000 MITa .

5) OnpejencHre 3HAUYEHNST HAYAILHOIO MOJYIIA YIPYTOCTH GeToHa
IIo Tabm. 6.11 Ep = 30000 MI1a .
6) OnpeeneHne rpaHUYHON OTHOCUTEILHOM BBICOTHI CKATOM 30HBI
es, el = Rs/Es = 435/200000 = 0,00218 (popmymna (8.2); m. 8.1.6 ).
Tx.gb1>=1:
eb2 = 0,0035 .
7) IIponomxkenue pacueramo . 8.1.6
xR = 0,8/(1+eg, el/eb2) = 0,8/(1+0,00218/0,0035) = 0,49296 (bopmymna (8.1); m. 8.1.6 ).
8) Pacuet n3rnbaeMpIX 2JeMEHTOB
Tx Rg Ag =435 -0,00057=0,24795 MH > Rg¢ A's =400 - 0=0MH :
x = (Rs As-Rsc A's)/(Rbb ) =
= (435 - 0,00057)/(14,5 - 1)=0,0171 M (dbopmyna (8.5); m. 8.1 ).
ho = h-ag = 0,2-0,03 = 0,17 M .
x = x/hg = 0,0171/0,17 = 0,10059 = xmin.
T.x x=0,10059 <= xR = 0,49296, x > 0 M :
Mylt=Rb b x (ho-0,5 x)+Rsc A's (ho-a's) =
=14,5-1-0,0171 - (0,17-0,5 - 0,0171)+400 - 0 - (0,17-0,03) = 0,04003 MH M (dpopmyna (8.4);
m 8.1.9).

9) lponosmkenue pacyeramo 11. 8.1.8
M =0,02393 MH M < = Myt = 0,04003 MH M (59,78016% oT npenejibHOro 3HA4eHH)

— YCIIOBHE BHIMONHEHO ((opmyra (8.3); m. 8.1.8).

31ech pacder Takke MOKas3all, YTO IIPH BBICOTE CEYeHHA IUMTHI 200 MM, HIKHUM H
BEpPXHEM apMHUPOBAaHUM CTEPXKHAMH JuamerpoM 12 MM ¢ maroM 200 MM Benu4uHa
OTHOCHTENBHON BBICOTHI CXKaToOM 30HEI OETOHA X COOTBETCTBYET HAIIMM PeKOMeHIAIUAM Io

YHETY IUIACTHYECKHX Ae(opMaLii.
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PacueT Ha npogas/iMBaHWe OMoOpPHOM 30HbI M/INTbI HaL, KOJIOHHOM

PaccMOTpUM pacyeT MAUTbl NEPeKpbITUA C KanuTeNbl Ha MNpoAaBnvBaHWE Hap,
KOJIOHHOI1 B ocax 2/b.

N3 pacyeTa KOHEYHO-3/1IEMEHTHOM MOAENN MOMYYeHbl PacyeTHble YCUIus,

H906X0,EI|I/IMbIe ONna pacyeTa - nNpoAosibHbIe yCUna n V|3r|/|6arou_w|e MOMEHTbI B KO/TOHHaX.

PucyHok 8 —3ntopbl M3rnbatoLLmx MOMeHTOB My OT AeliCTBMSt MOMHBIX PACUETHBIX HArpy30K.
PacyeTHbIi 13rnbatoLLyin MOMEHT Ha NPOoLaBnMBaHNe Haf, KONOHHOM B ocax 2/b
My=2,51 +059 =31 T1Tm
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TeRK
JniopaMz
EZVHALIM3MEPEHIA - T*M

Mamaneycue, 1 0 ©'
PucyHok M9 —3ntopbl n3rnbaroLmx MOMeHTOB Mz OT AeiACTBMA MOJIHbIX PACYETHBIX Harpys3oK.
PacueTHbIA n3rnbaroLLmii MOMEHT Ha NPoAaB/nBaHne Hag KONOHHOM B ocax 2/b
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Hcxonnbie faHHbIE:

-ax=3cM=3/100=0,03 m;

-ay=3cM=3/100=0,03 m;

-bx=40cM=40/100=0,4 m;

-by=40cm=40/100=0,4 Mm;

Harpyska:

-F =581c=58/101,97162123 = 0,56879 MH,

Pasmepsl ceueHus:

-h=30cM=30/100=0,3 M;

Ycunud B IBYX HapaBleHUAX:

-Mx=2,8TcM=2,8/101,97162123 = 0,02746 MH M;

-My=3,1TcM=3,1/101,97162123 = 0,0304 MH m;

Pesyrvmamer pacuema:

1) PacueTHOE cOnpoTHBICHKE OeTOHA

Kinacc Gerona - B25.

BeToH - TsKeBlif,

TIo Ta6m1. 6.7 Rbn = 18,5 MlI1a .

ITo Ta6in. 6.7 Rbtn = 1,55 MIla.

IIo Ta6mn. 6.8 Rb = 14,5 MIla .

ITo ta6n. 6.8 Rbt = 1,05 MIla .

2) Vuer ocobeHHOCTER paboTEl 6ETOHA B KOHCTPYKLIMH

gbl=1.

gb3=1.

gb4=1.

gbs=1.

Rb=gbl gb3 gb4 gb5Rb =1-1-1-1-14,5=14,5MIla.

Rp = mkp gbl gb3 gb4 gb5SRb =1-1-1-1-1-14,5=14,5MIla.

Rbt=gbl Rbt =1+ 1,05=1,05 MIla.

Rpt = mkp gb1 Rbt =11 -1,05=1,05Mlla.

3) Pacuer s1neMeHTOB 6€3 mormepevHoi apMaTypEl Ha MPOJABIMBAHME OPH AeHCTBAN
CcOCPENOTOUYEHHOM CHIIBI i M3rHOAIONIEro MOMEHTA

hox = h—ax = 0,3—0,03 = 0,27 M.

hoy = h-ay = 0,3-0,03 = 0,27 M .

ho = 0,5 (hox+hoy) =0,5 - (0,27+0,27) = 0,27 m..

Lx = bx+tho = 0,4+0,27 = 0,67 M .

Ly = by+ho = 0,4+0,27 = 0,67 M .

u=2 (LxtLy)=2"(0,67+0,67) = 2,68 M .

Ab=uho =2,68 - 0,27 =0,7236 m 2 (dopmyna (8.89); m. 8.1.47).

Fb, ult = Rbt Ab = 1,05 - 0,7236 = 0,75978 MH (dopmyna (8.88); 1. 8.1.47 ).
4) PacueT AJig 3aMKHYTOr'O MpAMOYIOJIBHOIO KOHTYpa

Whox = Lx Ly+Ly 2/3 =0,67 - 0,67+0,67 2/3 =0,59853 m 2 .

Wby = Lx Ly+Lx 2/3 = 0,67 - 0,67+0,67 2/3 = 0,59853 M 2 .

5) Ipu pacyeTe HA NPOJABIHBAHHE YIUTHIBAETCA IONOBWHA 3aJJAHHOTO M3rH6aoniero

MOMEHTA, a JPYI'YIO OJIOBHHY YYHTHIBAIOT NPH PACYETe 10 HOPMAIbHBIM CEYCHUAM
Mx = Mx/2 = 0,02746/2 = 0,01373 MH m .
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My = My/2 = 0,0304/2 = 0,0152 MH u .

Mbx, ult = Rbt Wbx hox = 1,05 - 0,59853 - 0,27 = 0,16968 MH m (dpopmyna (8.94); 11. 8.1.49 ).
Mby, ult = Rbt Wby hoy = 1,05 - 0,59853 - 0,27 = 0,16968 MH M (dpopmya (8.94); m. 8.1.49 ).
B cootBetcTBuu c 1. 8.1.46 npy AeHCTBUM COCPETOTOYECHHEIX MOMEHTOB M CUJIBI B

YCIOBHUSX MPOYHOCTH cooTHomeHne M/Mylt npuHuMaroT He 6onee F/Fylt.

T.x Mx /Mbx, ult= 0,01373/0,16968 = 0,08092 < = 0,5 F /Fb, ult = 0.5 -
0,56879/0,75978 = 0,37431 uMy /Mby, ult = 0,0152/0,16968 = 0,08958 < = 0,5 F /Fp, ult = 0,5
- 0,56879/0,75978 = 0,37431 :

F /Fb, ult+tMx /Mbx, ulttMy /Mby, ult =
0,56879/0,75978+0,01373/0,16968+0,0152/0,16968 = 0,91912 < =1 (91,91163% ot
npeJeJLHOTO 3HAYeHH ) — YCIOBUE BHIMOMHEHO (hopmyna (8.95); m. 8.1.49) mpegennHoro
3HAYeHHs) — YCIIOBUE BHITIONMHEHO ((opmyna (8.95); m. 8.1.49).

Pacuer NMEePEKPLITHA 10 HAKJIOHHBIM CE€YECHHUAM

B 31aHHAX U COOpPY’KEHUSIX ILTUTHI EPEKPBITHS ONHUPAIOTCA KaK Ha KOJIOHHBI, TaK U
CTEeHEI, B KauecTBe KOTOPBIX BBICTYNAIOT AHa(parMbl )KeCTKOCTH, CTEHBI IIaxT JTHGTOB H
JIECTHUYHBIX KJIETOK, KOMMYHUKAI[MOHHBIX I1aXT.

B aT0#f cBS3M BO3HMKaeT HEOOXOAUMOCTh TNPOBEpKH IUIUTHI IO HAKIOHHBIM
cedeHnsM. KpoMe TOro, IpoBepKH MO HAKIIOHHOMY CEUeHHIO TpeOYIOT YUaCTKH IUIHTEL,
KOTOpbIe, [0 CYTH, TpaHCHOPMHUPYIOTCA B Ioxobue GAJOYHBIX 3JIEMEHTOB, MOTOMY Kak
MpHOGPeTaloT KOHEYHYIO IHPUHY. DTO, K IPUMepY, YYACTKH MEXIY OTBEPCTHIMH.

Ja mpuMepa pacCMOTPHUM pacyeT II0 HAKJIOHHOMY CSYCHHIO HEKOTOPOTO y4acTKa

IIUTHI UPUHOH OJMH METP.

Hcxoonvie oannbie:

SaINUTHEINA CI0#:

-as=3cm=3/100=0,03 M;

-a's=3cm=3/100=10,03 m;

IInomans HeHanpsaraeMoii HanGoee PAaCTAHYTOM IPOIOABHON apMaTyPEI:
(CtepxHeBas apmarypa, 1uaMeTpoM 12 MM; 5 mmt.):

- As=5,7em2=15,7/10000 = 0,00057 m 2;

IInomane HeHanpsAracMol cxxaTol UIK HauMeHee PacTAHYTOM NPOIONEHOM apMaTyphl:
(Crep:xHeBas apMaTypa, uaMeTpoM 12 Mm; 5 mT.):

- A's=57cM2=157/10000 = 0,00057 M 2;

Pasmeprl ceueHus:

-h=20cM=20/100=0,2 m;

Yewnus:

-M=31ecMm=3/101,97162123 =0,02942 MH mM;

-Q=3,6Tc=3,6/101,97162123 =0,0353 MH;

Pe3zynemamst pacuema
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1) PacyeTHOE COIIPOTUBICHHE OeTOHA

Knacc Gerona - B25.

BeToH - TSOKEIBIiA.

ITo Ta6n. 6.7 Rbn = 18,5 MIIa .
ITo Tabm. 6.7 Rbtn = 1,55 MIIa .
ITo Ta6n. 6.8 Rb = 14,5 MIla .
ITo Ta6m. 6.8 Rbt = 1,05 MI1a .

2) Vuer ocob6eHHoCTel paboThl GeTOHA B KOHCTPYKIIAK

gb1=1.
gh3=1.
gh4=1.
gbs=1.
mkp=1.

Rb=gbl gb3 gb4 gb5Rb =1-1-1-1-14,5=14,5MIla.
Rb=mkp gbl gb3 gb4 gb5Rp =1-1-1:1-1-14,5=14,5MIla.
Rbt=gbl Rbt =1 1,05=1,05MIla.

Rpt=mkp gbl Rbt =1-1-1,05=1,05MIla.

3) OnpenenecHre 3HAYECHN HATATEHOTO MOIYJISt ocTH GeroHa
ITo Ta6i. 6.11 Eb = 30000 MI1a .

4) PacueTHbIe 3HAYCHUA IPOYHOCTHBIX XapaKTEPUCTUK apMaTYPEI
PacueTHEIE 3HAYCHUS MPOYHOCTHRIX XapaKTEPUCTUK apMaTYPhI
Knacc HeHanparaeMoli mpoioibHoH apMaTyphl - A500.

Rs =435 MIla.

Tx.gb1>=1:

Rgc =400 MIla.

Ionepeunasd apMaTypa - HE pacCMaTpHUBAaeTCs B JaHHOM pacyere.
Rs=mkp Rs =1-435=435MIla.

Rsc = mkp Rse¢ =1 - 400 = 400 MIIa .

5) PacyeT kee300€TOHHBIX 3IEMEHTOB M0 MOII0CE MEXY HAKIOHHEIMU CEYCHUIMHA
fb1 =0,3 .

ho =h-as =0,2-0,03 = 0,17 M.

Ab=b h-A's-Ag =1 - 0,2-0,00057-0,00057 = 0,19886 M 2 .

fn=1.

Q=0,0353MH <=1, fp1 Rbbho=1-0,3-14,5-1-0,17=0,7395 MH (4,77403% ot

npeJeIbHOT0 3HA4eHHs) — yCIIOBUeE BEITONHEHO ((opmyia (8.55); 8.1.32).

6) Pacuer xene300€TOHHBIX 37EMEHTOB 10 HAKIOHHBIM CEYCHUAM Ha JAcicTBUE

IIONEPEYHBIX CHJI

fb2 = 1,5.
Pacuer — o CIT 63.13330.2012.

Qb =2 Rbtbho 2/c =1,5- 1,05 1 - 0,17 2/0,34 = 0,13388 MH (dopmyna(8.57);m.8.1.33).

Qb =0,13388 MH >=0,5Rpt b ho =0,5 - 1,05 - 1 - 0,17 = 0,08925 MH (150,0056% o1

npeaejibHOroO 3Haqenna) — YCJIOBHE BBITIOJIHEHO .

Qsw =0MH.
fnzl.
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Q=0,0353 MH <= f (Qb+Qsw) =1 - (0,13388+0) = 0,13388 MH (26,36984% ot
NpeaeaTbHOro 3HaYeHHs) — YCIOBHE BHIIONHEHO (popmya (8.56); 8.1.33).

7) Pacder xene300eTOHHBIX MICMCHTOB 10 HAKJOHHBIM CEYEHHAM Ha JICHCTBHE
U3rudaMIX MOMEHTOB

a=as=0,03Mm.

a'=as5=003M.

ho=h-a=0,2-0,03 = 0,17 M.

Ns =Rg Ag =435 - 0,00057 =0,24795 MH .

Msw =0 MHwM.

Zs=09h0=09-0,17=0,153 M.

M;s = Ngs Zs = 0,24795 - 0,153 = 0,03794 MH M (popmyna (8.64); m. 8.1.35).

M =0,02942 MH M < = Mgt+tMsw = 0,03794+0 = 0,03794 MH M (77,54349% ot

npeieIbHOTO 3HAYEHHS) - YCIOBHe BhIMoTHEHO (popmyna (8.63); m. 8.1.35).

Pacuer no packpbITHIO HOPMAJILHLIX TPEIHH B ONIOPHOIi 30He HAJ KOJOHHOH

PaCCMOTpHM pacueT HOPMAJIBHOT'O CEYCHU IIJIUTHI ¢ KAITUTEJIBIO HAJL KOJIOHHO# B OCSIX
2/b.

Hcxoonvie dannvle:

3aINUTHEIN CI0M:

-as=3cM=3/100=10,03 M;

-a's=3cm=3/100=10,03 m;

IInomane HeHanpsaraeMoif HanGoee pacTAHYTOM NPOAONBHON apMaTyphI:
(CrepxueBas apmatypa, nuamerpoM 12 mm, 5 mt. u 16 Mm, 5 mmr.):
- As =157 cm 2 =15,7/10000 = 0,00157 M 2;

Inomans HeHATPATaeMOM CIKATOM MM HAUMEHEE PACTAHYTOM IPOAONBHOR apMaTyphI:
(CrepxueBas apmMaTypa, IuamerpoM 12 mm; 5 mr.):

- As=5,7cm2=5,7/10000=0,00057 m 2,

Pa3zMephl ceueHus:

-h=30cM=30/100=0,3 m;

Ycunusg oT HOpMaTUBHOM Harpy3Ku:

-M| =10,3 ¢ M=10,3/101,97162123 =0,10101 MH M;

-M =131cM=13/101,97162123 =0,12749 MH wm;
Pesyromameul pacuema:

Pacuernoe conportuBieHue GeToHa

Kiacc Gerona - B25.

beroH - TaxkesIil.

ITo Ta6. 6.7 Rbn = 18,5 MIla .

ITo Ta6mn. 6.7 Rbtn = 1,55 MIla .

ITo Ta6mn. 6.8 Rb = 14,5 MIla .

TTo Ta6n. 6.8 Rbt = 1,05 MIla.

Vuer ocobeHHoCTEH paboThl 6€TOHA B KOHCTPYKITUU

gbl1=1.
gb3=1.
gb4=1.
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gbs=1.

Rbn = gbl gb3 gb4 gb5Rbn =1-1-1-1-18,5=18,5 MIla.
Rbtn = gbl Rbtn =1-1,55=1,55MIla.

3Haqcnue MOAyJd YOPYIrOCTH aQMaTyQBI

Es = 200000 MITa .

Pacuer o packperruro TpempH
a=as=003Mm.

a'=as=0,03m.
ho =h-a=0,3-0,03=0,27M.
OrmnpeneneHne 3HAYEHNA HAYATEHOTO MOJIYJISL YOPYTOCTH NIPH HEMPOJODKUTEILHOM

IelCTBMM HArpy3Ku

ITo Ta6n. 6.11 Eb = 30000 MlIa .

O![[gCgCHCHI/IC XapaKTepUCTUK NPUBECICHHOIO CCYCHUA

as = Es/Eb = 200000/30000 = 6,66667 .

h'o = h-a's = 0,3-0,03 = 0,27 M.

A=bh=1-03=03m2.

St=bh2/2=1-0,32/2=0,045mu3.

Ab=b h-A's-Ag =1 - 0,3-0,00057-0,00157 = 0,29786 M 2 .

Ared = as (As+A's)+Ab = 6,66667 - (0,00157+0,00057)+0,29786 = 0,31213 M 2 .
St, red = (as-1) (As as+A's (h-a's))+b h 2/2 =

= (6,66667-1) - (0,00157 - 0,03+0,00057 - (0,3-0,03))+1 - 0,3 2/2 = 0,04614 M 3 .

Yo = St, red/Ared = 0,04614/0,31213 = 0,14782 M .
yt=yo=0,14782 M.
ye = h-yt = 0,3-0,14782 = 0,15218 M .
ys = yo-as = 0,14782-0,03 = 0,11782 M .
y's = h-as-a's-ys = 0,3-0,03-0,03-0,11782 = 0,12218 M .
I=bh3/12+A (W2-y0)2=1"0,33/12+0,3 - (0,3/2-0,14782) 2 =10,00225 m 4 .
OHDCI[CJ'ICHI/IC MOMEHTA 06Da30BaHI/I$I TPEIINH
Rb, ser = Rbn = 18,5 Mlla .
Rbt, ser = Rbtn = 1,55 Mlla .
Is = As (h-as-yc) 2 =0,00157 - (0,3-0,03-0,15218) 2 = 0,000021794 m 4 .
's = A's (ye-a's) 2 = 0,00057 - (0,15218-0,03) 2 = 0,000008509 m 4 .
IIponomxense pacuera mo . 8.2.12
Ired =1 +Is (ag-1)*I's (as-1) = 0,00225+0,000021794 - (6,66667-1)+0,000008509 -

(6,66667-1) = 0,00242 M 4 (popmymna (8.125); m. 8.2.12).

Wred = Ired/yt = 0,00242/0,14782 = 0,01637 M3 (popmya (8.123); 1. 8.2.12).

ex = Wred/Ared = 0,01637/0,31213 = 0,05245 M (popMmyna (8.124); . 8.2.12).
MomeHT 06pa30BaHNA TPELIHH OIPEeAeIIeTcs — C YUeTOM Heynpyrux AehopMariuii.
Wpl =13 Wred =1,3 - 0,01637 =0,02128 M3 (bopmymna (8.122); m. 8.2.11).

Mere = Rbt, ser Wpl = 1,55 - 0,02128 = 0,03298 MH M (popmyna (8.121); m. 8.2.11).
I IIpooonxcumenvHoe packpuvlimue mpeujun

[IpenenpHad IMMUPUHA PACKPEITIA TPEIMUH IPH TPOAOIKUTENEHOM JIEUCTBUM HArpy3KU
Pacuer Ha PACKPBITUC TPCUIHH BEACTCA U3 YCIOBUSA - obecrieueHUS COXPAaHHOCTH

apMaTypHl.

110



acre, ult=0,3 MM .

Onpenenenye 3HaUYeHNU HAYAIBHOIO MOMYJIS YIIPYTOCTH OPH NPOJOIKUTEILHOM
JICHCTBUY HArpy3Ku
ITo Tta6i. 6.11 Ep = 30000 MIla .

OTHOCHTENBHAS BIAXXHOCTH BO3JyXa OKpysKarolel cpeast — 40—75%.
ITo Ta6n. 6.12 fh cr=2,5.

Eb, t = Ep/(1+fp, ¢r) = 30000/(1+2,5) = 8571,42857 MIIa (dpopmyina (6.3); 1. 6.1.15).
M] =M] =0,10101 MH M .

JleiicTBHE MOCTOAHHBIX U BPEMEHHBIX JUINTEIBHBIX HATPY30K

M=M| =0,10101 MH ™ .

f3=1.

T.x. M=0,10101 MH M > Mcr¢ = 0,03298 MH ™ :

TpeGyeTcs pacyeT 10 pacCKPHITUIO TPEIIHH.

f1=14.

(T.K. pacKphITHE TPEIIH IPOJAOIDKATEINLHOE)

OmnpeieNieHHE XapaKTEPUCTAK MPUBENCHHOTO CEUCHHUA

as = Es/Eb = 200000/8571,429 = 23,33333 .

'o = h-a's = 0,3-0,03 = 0,27 M.

A=bh=1:03=03m2.

St=bh2/2=1-032/2=0,045M3 .

Ab=b h-A's-Ag =1 - 0,3-0,00057-0,00157 = 0,29786 M2 .

Ared = as (Ast+A's)+Ab = 23,33333 - (0,00157+0,00057)+0,29786 = 0,34779 M2 .

St, red = (as-1) (As as+A's (h-a's))+b h2/2 =
= (23,33333-1) - (0,00157 - 0,03+0,00057 - (0,3-0,03))+1 - 0,32/2 = 0,04949 M3 .

yo = St, red/Ared = 0,04949/0,34779 = 0,1423 m.

vt =yo = 0,1423 m.

ye = h-yt = 0,3-0,1423 = 0,1577 m.

ys = yo-as = 0,1423-0,03 = 0,1123 m.

y's = h-ag-a's-ys = 0,3-0,03-0,03-0,1123 = 0,1277 m.

I=bh3/12+A (h/2-yt) 2=1-0,3 3/12+0,3 - (0,3/2-0,1423)2 = 0,00227 M4 .

Is = As (h-as-yc)2 = 0,00157 - (0,3-0,03-0,1577)2 = 0,0000198 Mm% .

's = A's (ye-a's) 2 = 0,00057 - (0,1577-0,03) 2 = 0,000009295 m? .

Ired = I +Is (as-1)+I's (as-1) = 0,00227+0,0000198 - (23,33333-1)+0,000009295
(23,33333-1) = 0,00292 m 4 (popmyra (8.125); m. 8.2.12).

Wred = Ired/yt = 0,00292/0,1423 = 0,02052 M3 (dopmya (8.123); m. 8.2.12).

ex = Wred/Ared = 0,02052/0,34779 = 0,059 M (bopmyna (8.124); m. 8.2.12).

OmnpeeneHHe IMPHHEL PACKPEITHA TPSIIMH HOPMANBEHBIX K NPONONBLHOMN OCH HlIeMeHTa
f2=0,5.
Ompesenenne ko3bduimenta ys
OnpeneneHye HAIPKEHUH B paCTAHYTON apMaType
ebl, red = 0,0015 .
Rb, ser = Rbn = 18,5 MIla.
Eb, red = Rb, ser/ebl, red = 18,5/0,0015 = 12333,33333 MIla (dpopmyua (8.131); 1.8.2.16).
as1 = Es/Eb, red = 200000/12333,33 = 16,21622 (dopmyna (8.130); m. 8.2.16 ).
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HanpsxeHus B pacTAHyTOi apMaType ONpeeNsIioTcs MpH ag2 = ag|

IIpu 3TOM DpUHUMaeTCS IS H3THOACMBIX JIEMEHTOB Y¢ = Xm — BBICOTA CKATOM 30HEI
OeToHa, omipeAendeMas 1o 1. 8.2.28.

as2 = ag] = 16,21622 .

OnpeneieHne cpetHeii BEICOTHI CKATOM 30HbI UL N3rHOAEMBIX DIEMEHTOB

ho=h-a=0,3-0,03 =027 m.

ms = Ag/(b ho) =0,00157/(1 - 0,27) =0,00581 % .

Coxxaras apMaTypa - UMeeTcs.

m's = A's/(b ho) = 0,00057/(1 - 0,27) =0,00211 .
xm = ho (; (ms as2+m's as1) 2+2 (mg as2+m's asl a’ho) -(ms as2+m’s as])) =
=0,27 - (; (0,00581 - 16,21622+0,00211 - 16,21622) 2+2 - (0,00581 - 16,21622+0,00211 -
16,21622 - 0,03/0,27) -(0,00581 - 16,21622+0,00211 - 16,21622)) = 0,0898 M .

OrmpenencHue cpeiHeii BLICOTHI CKATOM 30HBI 6eTOHA

Pacuer Benerca no npubmmkennoii hopmyre (8.154).

XM = xm = 0,0898 M. ycm = xm =0,0898 m .

Is = As (h-as-yem) 2 = 0,00157 - (0,3-0,03-0,0898) 2 = 0,000050981 m 4 .

I's = A's (yem-a's) 2 = 0,00057 - (0,0898-0,03) 2 = 0,000002038 M 4 .

OnpeneneHue MOMEHTa HHEPIUK CKATOM 30HbI OeToHa

Ib=bxm3/3=1"0,08983/3 = 0,000241384 m 4 .

Ab=bxm=1"0,0898=0,0898 M 2.

Ired = Ib+1s as2+I's ag]1 = 0,000241384+0,000050981 - 16,21622+0,000002038 -
16,21622 = 0,0011 m 4 (dopmymna (8.148); m. 8.2.27 ).
Ared = Ab+As ag2+A's agl = 0,0898+0,00157 - 16,21622+0,00057 - 16,21622 =0,1245 M 2 .

Yc=Yoem = 0,0898 M .

ss = M (ho-yc)/Ired) as1 = (0,10101 - (0,27-0,0898)/0,0011) - 16,21622 = 268,33424
MIla (dopmyna (8.129); 1.8.2.16).

Hanpsoxenus sg, cre onpeesnsrores npa M = Mere.
ss, ere = Mere (ho-yc)/Ired) as1 = (0,03298 - (0,27-0,0898)/0,0011) - 16,21622 = 87,61176
MIla (dopmyna (8.129); m. 8.2.18).

Tx ss = 268,3342 Mlla > = Ss, crc = 87,6] 176 MIla :
ys = 1-0,8 sg, cre/ss = 1-0,8 - 87,61176/268,3342 = 0,7388 (bopmyna (8.137); m. 8.2.18 ).

Onpenenenne 6a30BOT0 PACCTOSHUS MEXTY TPEITMHAMHA

xt = h-xm = 0,3-0,0898 =0,2102 m .

Tk xt=02102mM>0,5h=0,5-0,3=0,15m:

xt=0,5h=0,5-03=0,15m.

Abt=bxt=1-0,15=0,15m2 .
Is = 0,5 (Abt/As) ds = 0,5 - (0,15/0,00157) - 16 =764,33121 mm (dpopmyna (8.136), . 8.2.17).

Tk ls=764,3312 MM > 40 ds =40 - 16 =640 MM :

Is=40ds=40"16 =640 MM .

T.x 1s > 400 MM : Is = 400 MM .

acrc =11 f2 3 ys (ss/Es) Is=1,4 - 0,5 - 1 - 0,7388 - (268,3342/200000) - 400 = 0,27754
MM (popMyna (8.128); m. 8.2.15).

acrc = 0,27754 MM <= acre, ult = 0,3 MM (92,51333% oT mpeae/IbHOre 3HAYCHHS) —
ycnoBye BEITONHEHO (hopmyna (8.118); m. 8.2 ).
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acre, 1=acr¢c ™ 0,27754 MM .
II. HenpooonycumenvHoe packpvimue mpeuiun
IpenespHas MMPUHA PACKPHITHA TPEIHH MPU HEMPONOILKATENLHOM NCHCTBUN HATPY3KH

acre, ult=0,4 MM .
OnpeaeieHUe 3HAYCHUS HAYATBHOTO MOJTYJIS YIPYIOCTH NP HENPOIO/KUTEAEHOM

JelficTBUN Harpy3KHu
IIo ta6n. 6.11 Eb = 30000 MITa .

a) Heticmeue 6cex Hazpy30K

T.x. M=0,12749 MH M > Mcrec = 0,03298 MH ™ :

TpebyeTca pacyeT 110 PacKpHITHIO TPEIHH.

f1=1.

(T.K. pacKpHITHE TPEIUH HENPOJODKUTENBHOE)

Is = Ag (h-ag-yc) 2 =0,00157 - (0,3-0,03-0,15218) 2 = 0,000021794 m 4 .

I's = A's (ye-a's) 2 = 0,00057 - (0,15218-0,03) 2 = 0,000008509 M 4 .

Ired =1 +Is (as-1)+I's (as-1) =
= 0,00225+0,000021794 - (6,66667-1)+0,000008509 - (6,66667-1) = 0,00242 M 4 (hopmyna
(8.125); m. 8.2.12).

Wred = Ired/yt = 0,00242/0,14782 = 0,01637 M 3 (dopmyna (8.123); m. 8.2.12).

ex = Wred/Ared = 0,01637/0,1245 = 0,13149 m (dopmyna (8.124); m. 8.2.12).

OnpeneneHrde MAPUHBI PACKPHITH TPEIWH HOPMAIBHBIX K MPOJOIBHON OCH dlIeMEHTa

2=0,5.

Onpenenenne koadburmenTa ys

OmnpepneneHre HaNpsSXKEHUI B PACTAHYTOM apMaType

ebl, red = 0,0015 .

Rb, ser = Rbn = 18,5 MIla .

Eb, red = Rb, ser/ebl, red = 18,5/0,0015 = 12333,33333 MIIa (popmyna (8.131); m. 8.2.16 ).
asl = Es/Ep, red = 200000/12333,33 = 16,21622 (popmyua (8.130); . 8.2.16 ).
HampsixeHus: B pacTSHYTOM apMaType OIpeAeNnsroTcs MpH as2 = agl
IIpu 3TOM MpUHEMAETCS 1 U3rU0aeMEIX 3IEMEHTOB Y¢ = Xm - BHICOTA CKaTOM 30HbL

GeroHa, onpenendemas o 1. 8.2.28.
ag2 =ag] = 16,21622 .

Ormpenenenne cpeaHei BRICOTHI CXKATOM 30HBI Ui H3rHOaeMBIX JIEMEHTOB
ho=h-a=0,3-0,03 = 0,27 M.

ms = As/(b ho) =0,00157/(1 - 0,27) = 0,00581 % .

m's = A's/(b ho) = 0,00057/(1 - 0,27) =0,00211 .

xm = ho (; (ms as2+m's agl) 2+2 (ms as2+m's as] a’ho) -(ms as2+m's asl)) =

=027 - (; (0,00581 - 16,21622+0,00211 - 16,21622) 2+2 - (0,00581 - 16,21622+0,00211 -

16,21622 - 0,03/0,27) -(0,00581 - 16,21622+0,00211 - 16,21622)) = 0,0898 M .

Onpenenende cpeiHeH BRICOTHI C:kaToii 30HBI 6eToHA
Pacuer Bemetca no npubnikeHHoi popmyae (8.154).

XM = xm = 0,0898 M .

yem = Xxm = 0,0898 M .

Is = Ag (h-ag-ycm) 2 = 0,00157 - (0,3-0,03-0,0898) 2 = 0,000050981 M 4 .
I's = A's (yem-a's) 2 = 0,00057 - (0,0898-0,03) 2 = 0,000002038 m 4 .

OnpeneneHne MOMEHTA NHEPIIMH CIKATOM 30HBI OETOHA
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Ib=bxm3/3=1"0,0898 3/3=0,000241384 m 4 .
Ab=bxm=1"0,0898=0,0898 m 2 .
Ired = Ib+ls ag2+1's agl =
=0,000241384+0,000050981 - 16,21622+0,000002038 - 16,21622 = 0,0011 M # (dbopmyna
(8.148);, m. 8.2.27).
Ared = Abt+As ag2+A's ag] = 0,0898+0,00157 - 16,21622+0,00057 - 16,21622=0,1245 m 2 .
Ve = ¥Yem = 0,0898 M .
ss = (M (ho-yc)/Ired) as1 =
= (0,12749 - (0,27-0,0898)/0,0011) - 16,21622 = 338,67867 MIIa (popmymna (8.129); n1.8.2.16).
Hanpsokenns ss, cre onpepensrores npu M = Mere.
ss, crc = Mere (ho-yc)/Ired) asl =
= (0,03298 - (0,27-0,0898)/0,0011) - 16,21622 = 87,61176 MIla (dhopmyra (8.129); m. 8.2.18).
T.x. sg= 338,6787 Mlla> = ss, crc = 87,61176 MIla :
ys = 1-0,8 ss_ cre/ss = 1-0,8 - 87,61176/338,6787 = 0,79305 (bopmyna (8.137); m. 8.2.18 ).
Ompenenenre 6a30BOr0 pacCTOSHUA MEXY TPEITMHAMHE
xt = h-xm = 0,3-0,0898 = 0,2102 M .
Tx xt=02102Mm>0,5h=0,5-0,3=0,15Mm:
xt=0,5h=0,5-03=0,15m.
Abt=bxt=1-0,15=0,15m2.
Is = 0,5 (Abt/As) ds = 0,5 - (0,15/0,00157) - 16 = 764,33121 mm (dpopmyna (8.136); m. 8.2.17 ).
Tx ls= 764,3312 MM > 40 ds =40 - 16 =640 MM :
ls=40ds =40 16 =640 MM .
Tx ls> 400 MM : I = 400 MM .
acrc = f1 2 3 ys (ss/Es) Is =
=1-0,5-1"-0,79305 - (338,6787/200000) - 400 = 0,26859 mm (popmymna (8.128); m. 8.2.15 ).
acre, 2 = acre = 0,26859 MM .
6) leticmeue nocmosHHvIX U 6PEMEHHbIX ONUMENbHBIX HAZPY30K
M] =M] =0,10101 MH M .
eiCTBIE MOCTOAHHBIX M BPEMEHHBIX €JILHBIX H 0K
M=M] =0,10101 MH M.
T.x.M=0,10101 MH M > Mcrc =0,03298 MH M :
TpeGyetca pacder no paCKPHITHIO TPEIIHH.
f1=1.
(T.K. pacCKphITHE TPEIUH HeNPOJOIDKUTENBHOE)
Is = As (h-as-yc)2 = 0,00157 - (0,3-0,03-0,15218)2 = 0,000021794 M+ .
I's = A's (ve-a's)2 = 0,00057 - (0,15218-0,03)2 = 0,000008509 M+ .
Ired =1 +Is (as-1)+T's (as-1) = 0,00225+0,000021794 - (6,66667-1)+0,000008509 -
(6,66667-1) = 0,00242 M4 (¢popmyna (8.125); m. 8.2.12).
Wred = Ired/yt = 0,00242/0,14782 = 0,01637 M3 (popmyna (8.123); m. 8.2.12).
ex = Wred/Ared = 0,01637/0,1245 = 0,13149 M (dopMya (8.124); m. 8.2.12).
OmnpeneneHne MUPHHE] PACKPHITHA TPELMH HOPMATLHEIX K MPOJIOIBHON OCH 51eMEHTa
f2=05.
Ounpenenenne ko3bduImenTa ys
OnpesieieHNe HANPSUKECHAH B pPacTAHYTOH apMaType
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ebl, red = 0,0015 .
Rb, ser= Rbn = 18,5 MIIa.

Eb, red = Rb, ser/ebl, red = 18,5/0,0015 = 12333,33333 MIla (dopmymna (8.131); m. 8.2.16).
as1 = Es/Eb, red = 200000/12333,33 = 16,21622 (¢popMyna (8.130); . 8.2.16).
HanpskeHns B pacTAHYyTOI apMaType OnpeAeisIFoTC IpH ag2 = ag]

ITpu 5TOM IPUHUMAETCS A1 M3THOAEMBIX JIIEMEHTOB Yc = Xm — BBICOTA CIKATOM 30HEI

GeroHa, ompenenseMas 1o 1. 8.2.28.
ag2 = asl = 16,21622 .

Onpenenenue cpenHei BEICOTE CKATOU 30HBI ISl N3rHOaeMBIX JIEMEHTOB
ho = h-a =0,3-0,03 = 0,27 M.

ms = Ag/(b ho) =0,00157/(1 - 0,27) = 0,00581 % .

m's = A's/(b ho) = 0,00057/(1 - 0,27) = 0,00211 .

xm = ho (; (mg as2+m's as1) 2+2 (ms as2+m's as] a'’ho) -(mg ag2+m's ag])) =

=0,27 - (; (0,00581 - 16,21622+0,00211 - 16,21622) 2+2 - (0,00581 - 16,21622+0,00211 -

16,21622 - 0,03/0,27) -(0,00581 - 16,21622+0,00211 - 16,21622)) = 0,0898 m .

Onpenenenue cpenHeil BEICOTH CKaTOM 30HBI GeTOHa
Pacuer Benercs no npubiwkennoii popmyre (8.154).

XM = xm =0,0898 m .
yem = Xm = 0,0898 M.
Is = As (h-ag-yecm)2 = 0,00157 - (0,3-0,03-0,0898)2 = 0,000050981 Mm% .
T's = A's (yem-a's)2 = 0,00057 - (0,0898-0,03)2 = 0,000002038 M* .
OHDC,I[CJ'[EHHC MOMCEHTA HHEPIIUH CKATOM 30HBI 68’1‘0]—[21
Ib=b xm3/3 =1 0,08983/3 = 0,000241384 m* .
Ab=bxm=1"0,0898 = 0,0898 M2 .
Ired = Ib+Is ag2+'s ag1 = 0,000241384+0,000050981 - 16,21622+0,000002038 -
16,21622 = 0,0011 m 4 (dopmyna (8.148); m. 8.2.27).
Ared = Ab+As as2+A's ag] = 0,0898+0,00157 - 16,21622+0,00057 - 16,21622 = 0,1245 M2 .
Vc=Yem = 0,0898 M .
ss = M (ho-yc)/Ired) as1 =(0,10101 - (0,27-0,0898)/0,0011) - 16,21622 = 268,33424
MIla (popmyna (8.129); m.8.2.16).
HanpsokeHns sg, cre onpegessroTes npu M = Mere.
ss, cre = (Merc (ho-ye)/Ired) asl =
=(0,03298 - (0,27-0,0898)/0,0011) - 16,21622 = 87,61176 MIla (dopmyia (8.129); . 8.2.18).
Tk ss= 268,3342 MIlIa > = Ss, cre = 87,61176 Mlla :
ys = 1-0,8 ss, cre/ss = 1-0,8 - 87,61176/268,3342 = 0,7388 (dhopmyna (8.137); m. 8.2.18 ).
Onpenenenne 6a30BOr0 PacCTOSHNUSA MEXIY TPEIMHAMHI
xt = h-xm = 0,3-0,0898 =0,2102 M .
Tx. xt=02102M>0,5h=0,5-0,3=0,15M:
xt=0,5h=0,5-03=0,15m.
Abt=bxt=1:0,15=0,15m2.
Is = 0,5 (Abt/As) ds = 0,5 - (0,15/0,00157) - 16 =764,33121 mm (dopMmyna (8.136); m. 8.2.17 ).
Tk ls= 7643312 MM > 40 ds =40 - 16 =640 M™ :
ls=40ds =40 16 =640 MM .
Tk Is> 400 MM : g = 400 MM .
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acrc = f1 £2 £3 ys (ss/Es) Is =1 0.5 - 10,7388 - (268,3342/200000) - 400 =0,19825 mm

(popmyna (8.128); . 82.15).
acre, 3 = acrc = 0,19825 MM .

aore — acre. 1+acro, 2-acre, 3 = 0.27754+0,26859-0,19825 = 0,34788 M (popmyna (8.120); 1.

8.2).
acre = 0,34788 MM < = acre, ult = 0,4 MM (86,97% oT npeaenbHOro 3Ha4eHHS) — yCIOBUE

BHIMOJHEHO (hopmyna (8.118); m. 8.2).
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B pe3ynbsTare mpoBe/IeHHBIX PaCUe€TOB M MIPUHATOTO apMHUPOBAHHUS MOIYYUM CJIe AYIOIIYIO
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CnefywolMM 3Tanom pacuyeta PeKOMeHyeTcsi BbIMOMAHWUTb pacyeT HeNUHelHOiA
KOHEYHO-3MIEMEHTHOW MOJenu, ¢ KanuTenbto, C apMUPOBAHWMEM, MNPUHATLIM MO

pe3ynbTaTam pacyeToB NPUBEAEHHbIX BbILLeE.

PucyHok M12 —130nons usrmnbarowmx MoMeHToB Mx (BL0Nb NponeTa 7,2 M) OT 4elAiCTBMSA
MOJIHBIX PACYETHbIX HArpysoK,
MOMEHT Haf, KONOoHHON 2/6—16,7 rm, —B nponete 1-2/6 - 2,66T-M.

B pesynbTaTe pacyeTa MONYyYUM KapTUHY YCUAUIA C YUETOM HenuHeliHOl paboThl.
[anee MOXHO BbINOMHUTL MOBEPOYHbLIA pacuyeT HOPMAanbLHOro CceyeHUs NAUTLI, Kak
OMOpPHOTO, TaK W MPOMETHOrO MO MPOYHOCTM W TPELLMHOCTONKOCTU Ha feicTBue
MOMYYEHHbIX YCUTNIA.

PaccMOTpMM pacuyeT NPOYHOCTU HOPMaNbHOTO OMOPHOIO CEYEHUS C KANUTENbIO.

McxofHble flaHHbIE:
Mnowaab HeHanpsraemoin Hanbonee pacTAHYTOW NPOLONbLHON apMaTypbl:
(CtepxxHeBast apmatypa, AnaMmeTpom 12 mm, 5 wT. n guametpom 16 mm, 5 wrT.):
- As= 157 cm 2 = 15,7/ 10000 = 0,00157 m 2;
Mnowaas HeHanpAraeMoi CXaToin NN HaMMeHee pPacTAHYTOW NPOAO/bHOW apMaTypbi:
(CTepkHeBas apmaTypa, gnameTpoMm 12 mMm; 5 Wwr.):
- As=57cm 2 —5,7/ 10000 = 0,00057 ™ 2;
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Pa3mepbl ceyeHus:

-h=30cm=230/100=0,3 m;

Yennusa:

-M = 16,7 Tc m = 16,7 / 101,97162123 = 0,16377 MH wm;

Pe3ynbTaThbl pacyeTa:

8) PacueT n3rmbaemblix 3NeEMEHTOB

CeuyeHue - NPAMOYTO/bHOE.

T.k. Rs As =435 +0,00157 = 0,68295 MH > Rsc A's = 400 «0,00057 = 0,228 MH :

x = (Rs As-Rsc A's)/(Rb b)) =
= (435 <0,00157-400 +0,00057)/(14,5 « 1) = 0,03138 m (dhopmyna (8.5); n. 8.1 ).

ho = h-as = 0,3-0,03 = 0,27 m .

x = x/h0 = 0,03138/0,27 = 0,11622 .

T.K x =0,11622 < = xr = 0,49296; x > 0 M :

Mult=Rb b x (ho-0,5 x)+RCA's (hOa's) =
= 14,5 «1+0,03138 +(0,27-0,5 *0,03138)+400 m0,00057 ¢ (0,27-0,03) = 0,17043 MH ™
(hopmyna (8.4); n. 8.1.9).

9) MpopgomkeHne pacyeta no u, 8.1.8

M =0,16377 MH m < = Mult= 0,17043 MH ™ (96,09224% oT npefenbHOro 3Ha4eHUs)
- yCNoBue BbINMOJIHEHO (chopmyna (8.3); n. 8.1.8).

B kauecTBe nocfefHero atana pacyeta pacCMOTpPUM pacyeT geopmanmnii NAnThI.

PacueT HenvHeliHOW Mofenu 34aHns nokasan cnedyowWmnii pesyabTaT:

o0 000

PucyHok M13 —Mo3anka BepTUKabHbIX NepeMeLeHuii 0T AeiicTBUS ANNTeNbHbIX

Harpysok
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MeToa 3aMeHAIOUIHX paM

Pacyer MeTomoM 3aMeHAIOIMMX paM TIPOM3BelieH MU GeCKAIHTENbHOrO
MepeKpbIThs. PacueT  Kene300€TOHHBIX  MOHOJMTHBIX KapKacoB €  IUIOCKUMH
NEePeKPHITUAME IPOM3BEEH METOZOM 3aMEHIOIMX paM COIVIACHO  YKa3aHWIM
PexomeHmanmifi 1m0 NPOSKTHPOBAHHIO >KeIE300€TOHHBIX MOHOJHTHBIX KapKacoB C
mwrockumu nepekpeituamu ///HADKE, Mocksa, 1993r.

3amendiompe paMbl  o0pa3ylOTCs B JBYX B3aHMHO IEPICHAUKYJAPHBIX
HAIpaBJICHUSX MyTeM paccedeHHs KapKaca BepTHKaIbHBIMH IUIOCKOCTSMH, TIPOXOASAIIAMHI
nmapaaielbHO OCAM KOJNOHH dYepe3 CepelAWHbl CMEXHBIX IONMepeYHbIX MpOJETOB
(BHYTpeHHHX W KpaiiHux). B pesynbTaTe 3aMeHsIolIMe paMbl MONY9alOTCS B BHAE psla
KOJIOHH, COEJWHEHHBIX YCIOBHBIMH PHTEJISIMH, COCTOALIAMH W3 MOJOCH LIHPHHOM,
PaBHO# PacCTOSHHUIO MEXIy CepelMHAMH JIBYX MONEPEYHBIX MIPOJIETOB, MPUMBIKAIOIIHX K

COOTBETCTBYIOIIEMY PRy KOIOHH (pucyHok [114).

O,

Pucynoxk I114. Paspe3ska IIMThl Ha 3aMEHAIOLIME PaMEL
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Omnpenenenne ycunmii, AefiCTBYIOMKX B 3JIEMEHTaX 3aMEHSIOMINX paM MPOU3BOJUTCH I10
OOIINM TIpaBUJIaM pacdeTa paM Kak YIPYTHX CHCTEM.

IIpomoneHBIE U TIONEpedHBIE 3aMEHAIONINE PaMBl PACCUMTHIBAIOTCSA HE3aBHCHMO
Ipyr oT npyra. Pacuer 3aMeHSIONMX paM HpPOU3BOOUTCA KaK CHCTEMBI C JKECTKHMH
y3JlaMHU B MeCTaX COeAMHEHHS KOJIOHH C YCIIOBHBIMH PUTreJIsIMH.

Kectkoctu npu U3rude KOJOHH U YCIOBHBIX pHUrened Ui pacdera 3aMeHAIOMHX
paM ompeaeNsroTcs Kak A yIpyriX GeTOHHBIX 3JIeMEHTOB 0e3 TpelIrH.

Y cIoBHEIH pUrels 3aMeHstomIeit paMbl JOJDKeH ObITh pacCUHTAH:

[0 MPOYHOCTH M PACKPHITHIO TPEIHWH B OMOPHBIX (MPOXOISAIINX MO TPaHSM KOJOHH) H
IIPOJNIETHRIX (PacMoNI0XeHHHIX B PoJieTe) HOPMAJIbHBIX CeUeHUAX;

e [0 IPOYHOCTH B HPHOIOPHEIX HAKJIOHHBIX CeUCHHAX;

¢ [0 IPOYHOCTH MONEPEYHBIX OANOK B IPOCTPAHCTBEHHBIX CEUCHUSIX;

e [0 IPOYHOCTH y3Jla CONPSKEHUS PUTeNs ¢ KOJIOHHOH;

e 10 gedopMarmIM.

PacdeT ycnoBHOro pureis mo HOPMAalbHBIM CEUEHHIM Ha JeHCTBHAE M3THOAOmMNX
MOMEHTOB IIPOU3BOAUTCA ITO OOLIVM IIpaBHJIaM pacyeTa jkele300eTOHHBIX KOHCTPYKLHit ¢
Y4EeTOM HIDKE CIIeIyIoIMX yKa3aHHui.

Pacnpenenenne M3rnOarolUX MOMEHTOB, MOJMYYeHHBIX W3 pacdeTa 3aMeHSoIei
paMmsl, 10 MKUPHHE YCIOBHOIO PUrelisi Ha JABEe HaJKOJOHHBIE U JIBE€ CPEJHUE MOJIYTIOJIOCH

IIPOU3BOAUTCS IyTEM YMHOXEHHs OOLIMX MOMEHTOB Ha KO3((HULUECHTHI paclpeneicHus
MowmeHTE B HaaKonoHEIX (My) u cpemunx (M) monymonocax yCIOBHOTO PHUTeIs

OIIPEHeNIAIOTCS O hOpMyJIe:

Lo
M, (M) =M= =
w(Mo) % Lait+bh,

’

rjge M — MOMeHT, [oJIy4eHHbIH U3 pacieTa 3aMeHsIOIel paMBl.
Usrubaronyie MOMEHTHI B 3aMEHSIOIINX paMax OMpeeNIuM 1o GopMyIaM:

MOMEHT HaJi ONOpPOii:

qi*
Mon = E
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MOMEHT B CEpeaHHE IIpOoJieTa:
M, =&
on 24

>

1, 1; 122 — paccTosAHHA MeXIy OCSIMU paccMaTpHBaeMoii 3aMeHsIoIell paMbl 1

COCeTHUMH ¢ KXol ee CTOPOHBI;

{ (1 mam 2} — unnexc, ykasplBaroImil paccMaTpiBaeMoe paccTosHue ;;

K, — xoad¢puurenTs! pacnipesienenns, onpeenseMble B 3aBHCHMOCTH OT BETMTHH
!
a,f H B, ipu 3TOM:
1

L, 7200
A .
L, 6000

@ — k03 QUUHEHT, paBHBI OTHOLIEHWIO >KeCTKOcTe Ha u3rub Oaikw,

paCHOJ’[O)KCHHOfI MEXAY KOJIOHHaMHU paCCManHBaeMOﬁ 3aMeH5[IOU.[CfI paMBbl B IITTATHI B

3TOM K€ IpoiieTe (NP OAMHAKOBOM GeTOHe KOHCTPYKLMII @& — OTHOLIEHVE MOMEHTOB
HHepLUN); TIOCKONIBKY paccMaTpuBaercs 6e30anrouHoe iepeKphiThe, monaraeM & = 0;
B — xooduunenT, paBHBIN OTHONIEHHIO ECTKOCTH HA KPYd4eHHE MOTIEPEYHBIX

6aIoK, PacIOIOKEeHHBIX MeXIy KpailHUMH KOJOHHAMH PaccCMaTpUBaeMOl M COCEINHHX
paM, M >kecTKOCTH Ha H3rHO IUIMTH B MPOJOJIEHOM HAMPABIICHHH PacCMaTpHBaeMOH

3aMeHsomel pamel (MPH OOMHAKOBOM O€TOHE B KOHCTPYKIMH £ — COOTHONICHHE
MOMEHTOB UHEPIHH).
Banku orcyTcTBYIOT, KO3 dHUEEHT B He yuacTByeT npn onpenernenuy kK.

3HaueHue KodpUUHEeHTa pacpeieeHHs COCTABUT:

o (.75 — mns HAAKONOHHOM ITOJIOCHL,

o 0.25 — mna cpemHel MOIOCEL
L, 1
Litl, 2

Hroro:
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1
M, (M) = M=K, =55

M, =M=0,75%0,5 = 0,375 M;

M,=M=0,25+0,5 = 0,175 M;

PeByJILTaTBI OIpeICICHUL I/I3l"I/I6aIO]llI/IX yCI/IJII/Iﬁ B 3aMCHAOIIUX paMax B

3aBUCUMOCTH OT MPOJIETa U HATPY3KU IIPEACTABJICHBI B TabHIe:

Msrubaromie MOMEHTHI

B 3aMCHAIOLIIMX paMax

1 rpymnna npeaenbHBIX COCTOAHUH

IMpu daxTrdeckoit TMpHHe paMbI Ha 1 M1 ¢ yueToM K03¢(HLIIEeHTOB

Han onopoii B nponere Han onopoii B nponere
TTponer 7,2 14,710 7,355 5,52 1,29
Tponer 6,0 12,258 6,129 4,60 1,07

2 rpynmna npeAeabHbIX COCTOAHHIA

Iponer 7,2 12,506 6,253 4,69 1,09

IIponer 6,0 10,422 5,211 391 091

HaznayumM apMupoBanue u3 pacdeTa 1o 1 1 2 rpynmnam npeaeabHOro COCTOSHUSA.

HadkonorHas 30Ha

1000
*
o ® ° O o O o O o
\\ f
\\
/ A\ 302 cM7

512+ 5825 A500

[Ipoyue yvacmry

D

565 cm2

PaBHOZEHCTBYIOLIYIO PacTIHYTOM apMaTyphl onpeelnM uepe3 GpakTHieckoe

comepxanue apMarypsl ipu AS00, R, = R, ... = 400 Mg,

N; =40+30,2=1208kH
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N,_,=R,A, =40+5,65=226kH
BricoTy cxxaToii 30HBI ONpeIeTNM UCXO/I U3 YPABHEHHS paBHOBECHS X =0
R A, =Rpbx; N, =N,

. 1208
171.45+100

_ N, 226
*2-4 = B h~ 145+ 100

=8,33cmMm

=1.56cMm

BenuuuHe! mneu BHyTpeHHeﬁ Mapel CUJI IIPHA 9TOM COCTaBAT:

z,=17—-0,5%8,33 = 12,84 cm
Zy 4 =he—05x=17-0,5%1,56=16,22 cM

HpCI[CJIBHLIﬁ MOMECHT C€UYCHUSA COCTaBUT:

M = R A,Z = 44343 [%] x30,2%10™* 12,84% 1072 = 17.18 T* M

Ha IIHAPUHY II0JIOCHI IM OIIpeaciinM I/ISFI/IGaIOH.[I/IC MOMEHTBI 4Y€pPE3 YpaBHCHHE

pPaBHOBECHUS OTHOCHUTEIIPHO HEHTpPA TAXKECTU C)KaTo# 30HBI OeTOHA C IMOMOIIBIO (l)OpMYJI

M =N.Z,,rpeZ, = hy — 0.5x:
Mg, = 1208+ 12,84 = 15500 kH * cM
Mg,_, =226+ 16,22 = 3666 kH * cM

Onpenensiem 6anounsiit MomenT My kak cooTB. cymmy MOMeHTOB ot Ganok 2, M = 0:

L2
Mo — q g 1 = (ZMi = M51 +M52 +MB3 +MB4) = (15500 + 3666 * 3)
= 26498 kH*cMm = 27028 kr * M
Harpyska:

BBIYHCIIACM COOTHOIICHHUEC KaXXI0Ir0 MOMCHTA M i K 06H_[el71 BCIIMYHUHE Mﬂ:
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Mg, 15500 Mg,y 3666
- - M, 26498

0,14

OTH COOTHOIIEHHs OTAMYaOTCs OoT HopMatuBHBIX [0.5-0.2-0.15-0.15] (omopHsie
MOMEHTHI 3aBHIIICHBI, a [IPOJIETHBIE 3aHIKEHEI);
IIpu w3meHenun cootHomenuit M;/M; NpPOTUB HOPMATHUBHBIX COOTHOIIEHHIH

U3MEHACTCs BelNW4YMHa OalOYHOTO MOMEHTa B IMpeAeNnax Mpojera OTAENBHO B
HaJIKOJIOHHOH MONoce B NMPoNeTHOH nosoce. OTCIoAa MOXKHO IONYyYUTh APYTHe BETUIHUHEL
Harpy30K Ha MOJOCH:

8M,, 8M,,,

qyc.n.l = l_z quc.n.z =l—2
1 2

rae My 1 ¥ M, ; onpenensroTcs U3 BeIWYHH apMUpPOBaHUS.

PACYETHBIE HATPY3KH
Ilposaer 7.2 m

112 1,135%6,0%72%7,2
Mo=q‘”’82 Lo 5 = 4413 Tc* M

M, = 0,58 M, = 0,58 x 44,13 = 25,60
M,_, =014xM, = 0,14 x 44,13 = 6,18

OmnpenesnsieM MOMEHTHI B 3aMEHSIOMAX Oankax (MOJIOCH MIHPHHOHN 1M):

25,60
Mg, = —3 = 8,53T*M
6,18
MBz_4 = _3- = 2,06T* M
Iposer 6,0 m
L2 1,135+7,2%6,0%6,0
M°=QM8“= 3677 T M

Mg =0,58xM, = 0,58+ 36,77 = 21,33
M,_g =0,14xM, = 0,14 36,77 = 5,15

MoMeHTHI B 3aMeHsromuX 6anKax (II0JIOCH IUPHHOH 1 M):
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M55 = _36— = 5,931‘* M
5,15
MBs—s = R =143T*M

HOPMATHBHBIE HATPY3KH

Hponer 7,2 m
L2 0965+6,0%7,2%72
1\4,,="‘""‘82 1_Z0T 3* e _37521cem

M, =0,58+M, =0,58+37,52= 21,76
Mz_‘ = 0,14* Mo = 0,14‘ * 37,52 = 5,25
MoMeHTHI B 3aMeHsIOMUX Oankax (oNoCk! IHPpHHOH 1 M):

21,76
Mg, = —3 = 7,25T*M

5,25
M52_4 = T = 1,751‘* M
Hposer 6.0 M

L2 0965+7,2+6,0+6,0
M0=q“”8“= . 3* O 3127 Tcam

M, = 0,58* M, =0,58%31,27 = 18,14
Mg g =0,14+M, = 0,14+ 31,27 = 4,38

MoMeHTH B 3aMeHSIOMMX 6ajKax (II0NoCkH! MUpHHOM 1 M):

18,14
Es = ‘? =5,04T*M

4,38
MBﬁ—Q = % = 1,221‘* M

YcioBHBIE OJIOCH! IUMPUHOR 1M HarpyXeHBI He TOJBKO BHEIUHEH Harpy3Kol, HO U
AeficTBHeM momepe4yHbIX cHA @ OT COCEOHHMX OTPE3aHHBIX II0OJIOC; IOACYUTAEM
HOBBIICHHYIO BETMUYKMHY (YCI U HATKOJIOHHOM MOOCE], HOMb3YsICh U3MEHEHHBIMH (TI0

apMaType) BeIHYHHaMu MOMeHToB Mo u Mip:
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Qyenl? Mopres + M
Mo’ym= yg’l — OI'LJIQSZ Ol'l.ﬂp+an;

PACYETHBIE HATPY3KH

IIpoaer 7.2 m
HanxononHas mojoca:

2
Moy, = 8,53 = Al 2,06 =10,59

OTKyZia
Myyen*8 1059+8
Qyen = 7z = 72 =1,63 Tc* M. 1.
[Iponernas nmomoca:
Moyen=2,06%2=4,12
Moyen*8 4,12+8
Qyen = B =7z = 0,64 Tc* M.I.
Hposer 6,0 M
Hankononnas nonoca:
Mogyen = 593+1,43=17,36
7,36+8
Qyen = 6,02 = 1,63 TC* M.1I.
TIponeTnas momnoca:
Moyen=1,43%2=2,86
2,868
qycn = W = 0,64 Tc* M.1.
HOPMATHUBHBIE HAT'PY3KH
Iponer 7.2 m

HaI[KOJ'IOHHaH ImoJjioca:

Myyen=7,25+1,75= 9,00
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9,00+8
Gyen =722

= 1,39 Tc* Mm.n1.

HpOIIeTHaﬂ mojioca:

Moye, = 1,75+ 2 =350

_ Moy.*8 350+8

Qyen = 2 =g = 0,54 Tc* M.I.
Ipoaer 6,0 M
HagxononHas monoca:
Mogen=5,04+1,22= 6,26
6,26+ 8
Qyen = 6,02 = 1,39 Tc* M.1.
IIponernas nmomnoca:
Moye,=122%2=2,44
2,448
Qycn = 607 = 0,54 Tc* M.I.

Takxum oGpa3om, s pacdeTa MporuGoB MPUHIMAaeM CIeAYIOIIHe 3HAYEHHUs YCIOBHBIX

Harpy3ok.

Ex. uam. — re*m.n. | Hagkononwas nonoca | IponerHas monoca | Cpen. Harpyska

Q yci. HopM. 1,39 0,54 0,965

Q yca. pacH. 1,63 0,64 1,135

3HaueHUs HAarpy3Kd B HAJIKOJIOHHOII mojoce B cpeiHeM Ha 156% Bblie, 4eM B
mponeTHoit nonoce. IToxycyMMa Harpy3ok IIpoJleTHOM U HaJKOIOHHOH IT0JIOC BO3BpalaeT
BEJIMYHHY HOPMaTHBHOM Harpy3KH Ha IIEPEKPHITHE B LIEJIOM; IIPOBEPKA BBITIOITHEHA.

C ydeToM TMONMpaBKH COOTHOIUIEHHS ONOPHOH W IIPOJETHOM apMaTypbl

Asonm _ 302

2 e 5,35 npousBoauM NoNpaBKy BEIMUMH H3THOAIONIIX MOMEHTOB:
5,1 g

Gyen* 12
My=2X2 .
0 8
HOPMATHBHBIE HATPY3KHI
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Hpoaer 7.2 m
1,39+7,2«7,2

M72 =
° 8

=901, Torga

(0+535+M,,)
M, = ZM1 =3—— P4 M, = [3,68 Myp] = 9,01

2
[Momyunm
9,01
7.2 _ 2V _
M =368 245TCc*M

M]?=1245+534=1308Tc*M

IIposer 6 M
1,39x6*6
M§O =" =6.26
8
M5'°—6'—26—117TC*M
" 535

ME® =117+535=6.26TC*M

PACYETHBIE HATPY3KH
Hposer 7.2 m
1,63+x7,2+7,2
M=o —10,56
8
Mz2 =20 o871
"= 368 TC*M

M7?=287+3,68=1056Tc*M

IIposer 6 m
6o 1,63%6%6
Mg = ————=1734
8
7,34
6.0_'_=
" =368 2,00 Tc* M

M50 = 2,00%3,68 =7,36 TC* M

[Tpu umpune 100 cM u BoicoTe 20 cM BeITMYNHA MOMEHTa HHEPIIUH T 66 TOHHOTO

CCUCHUA BO BCEX IIPOJICTaxX paBHA:
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bh® 100 = 20°
= — IR e— 4
L=—15 1 66667 cM
Kosddunuent npuBeneHus apMaTypbl K 6ETOHY paBeH:
E, 21x108
E, 306x10° 6.86

Hcnonp3yeM 1uis MpUBEIEHHOTO cevueHus GopMyITy

Lyy=1l+La=Ia
rae
I, = As(he— y0%;
L = Ag(hy— a')?
IIpu 3TOM Y, — paccTosiHHE OT HamboJee CXKaToro (BEpXHEro) BOJIOKHA OeToHa JI0

HEeHTpa TKECTH [IPUBECHHOTO MONEPEYHOTO CCUCHUS IMHPHHOM 1M.

Ol'[peI[eJ'IiIeM LEHTP TAXKECTH CedeHN OTHOCUTEIBLHO BerHeﬁ INIOCKOCTH CCHYCHUSA

_100*20*10+5*4,91*6,86*3+5*1,13*6,86*3_20622_934CM
Yea= 100%20+5%4,91%6,86+5 1,13+ 6,86 2207 7

MowmeHT HWHEPLHUHU CEUCHUA C YUETOM BerHef;I pacmHyToﬁ 30HBI OTHOCHTCIIBHO

IEHTPa TSDKECTH, OTCTOAIIETO OT BEPXHETO BOMIOKHA CeYeHHsA Ha ¥, ; = 9.34 cM:

bh?
Log,=1+Ia ——+A’(y,,.1 a')a
= 66667 + 5 * (4,91 + 1,13) * (9,34 — 3)? « 6.86 = 66667 + 8327
= 74994 cm*

bh?
Ota BenuumHa 6onee f,, = — Bcero Ha 12,5%.
b 12

Jna mponeTHOTO cedeHus IoTydaeM:

_100+20+10+5-113+686+3_20116__
Ye2= T 100%20+5+113+686 2039 o M

Logz =1 +1Iia=66667+5x1,13* (9,87 — 3)? = 6.86 = 68496 cm*

Uro na 2,7% Gonee {;, = %

131



W3rubHyro ecTkocTh ompenemsieM 1o dopmyme D = Epil..4 roe moxmyis

nedopmanuy OeTOHA TIPH TPONOTKHUTENBHOM [eHCTBHM HArPy3KU [PH BJIAKHOCTH

45-75% cocraBur:

E, 306+10°=

= = o’ = * 3 ﬁ
! 1+ @pere 1+25 87.3+10 cM?

Brrumcnsiem BenMUMHEL XKeCTKOCTEH cedeHuii Oe3 TPEIUH,

OnopHEIHA VIaCTOK IIpH npoaete 7.2 M

Dy =E,, Iz, = 87.3%10% « 74994 = 6,55 1o9$
D, = Ey, L4, = 87.3 % 10° « 68496 = 5,98+ 109%

Onpe,uenﬂeM H3rn6a10ume MOMCEHTEI, COOTBETCTBYIOIIHC TpemHHOCTOﬁKOCTH

CeueHMUH, o GpopMyJie
RbtmI

M, =Ry, W = —2tn_
ere b (ho _yc)

e Ry = 1,55 MIla = 15.8%

15.8+ 74994

Moy = a7=939 154687 krc* cM = 1.547 7= M;
15.8+ 68496

Merca =Q7-987 _ 151786 krc*cM = 1.518 T* M

Ha ocHoBaHnH BeTHYUH Mm.g H MOMCHTOB COOTBETCTBYIOIIHUX

JEHCTBYIOIINX HATPY30K ompeesisieM KoddpHUIueHTs

Mc*rc
¥s=1-08-7=

n

1.547
ws_l = 1 - O.SE = 0,8675

1518
W2 =1- 085 =0,6386
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BeruucnseM npuBeseHHBIT MOAyNh  JedopManmu  pacTSHYTOW — apMaTyphl,
OKpYXeHHOM 6eToHOM, 1o popmyie Es,.qg = Egf/ips:

2.1+10°
Erear = 08675

2.1%10%
Farea2 =9 6386

= 2.42x 10% krc * cM?

= 3.29* 10% krc * cM?

TTo dopmyne 5.9 CII 52-101-2003 onpenensiem npuBeAeHHBII MOAYIH AedopMauu

IpHu JJIHTEIIBHOM JeicTBUU HarpyskKu:

Krc
Eprod = ——— = 50035 = 0727+10°

Masee ompenenseM BCIIOMOTATENbHEIE BEIUIHHBI X5 3 = Egroq/Ep red

2.42+10°

¥ Y ES T
6

3.29%10 — 4891,

%22 = g 797+ 104

BemucinsieM ko3¢ GHUIEHTH apMAPOBaHHS:

JIns ompenienieHns BEICOTHI CXKATOM 30HBI CEYEHHUS MPEAJIaraeTcs UCIolb30BaTh
crenyonryio Gopmyy:

Xm = ho (V (us@s)? + 2usa5 — #sas):

Xy =17 (J(0.0178* 35.97)?+2+0.0178+35.97 — 0.0178 = 35.97)
= 11,22 cM;

%mz = 17(/(0.003348.91)7 + 2 = 0.0033 = 48.91 — 0.0033 = 48.91) = 7,30 cm

OrmpenensieM MTeq0 BHyTpeHHeH Tapsl CIUT IO GpopMyiie Z = Ry — X, /3
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11,22
zZ, = 17_T =13.26 cM™;

7,3
Zy; = 17 - T = 14.57 CM;
Cornacuo dopmyne 7.4.6. u3z CIT 52-101-2003 ompepmensieM kKeCTKOCTh CEHEHMIA ¢
Y4eTOM TpeIIdH Mo popMyIe:
D= Es.‘rchsz (ho - xm)
D; =242+10%%30,2*13.26+ (17 — 11,22) = 5.601 * 10° krc * cM?
D, =3.29%10%%5.65* 14.57 « (17— 7,3) = 2.627 » 10° Kkrc* cM?

Jls1 paBHOMeEpHO paciipeieNleHHO# Harpy3KH Nporu6 nocepenuHe mpojieTa paBeH

f= 3 at M TIPH AEWCTBHHA OMOpHOTO MoMenTa M, f = Moo 12
384 &I P P an 16 Ef

BEJMIUHY kecTKocTH El

3aMeHsieM BenmauHoi D; ycnopHas HopMaTiBHas Harpy3ka 1.39 1/m;

B utore nomyyaem:
5 . 13.9x720* 13,08+ 10° = 720?
© 384 5.601%10° 16x5,601=10°

% =8,68—7,57=1,11cM

Pacuer mo PAaCKPBITHIO TPEIIIHUH IIPOU3BOAUM U3 YCIOBUS

Lore = X rcult
rae Az, — [MAPHUHA PACKPHITHS TPEIIMH OT JEHCTBUS BHENIHEH HArpy3Ku;
@ ooty — NpeAeNbHAS MIUPHHA PACKPHITHA TPEIIVH,
3Ha4eHNs gy yyyp MPHHAMAECM U3 YCIOBHS COXPAHHOCTH apMaTyphl:

¢ 0,3MM — IPOJIOIDKHUTENIFHOE PACKPhITHE;
e 0,4MM — HEMPOIOIKUTEIEHOE PACKPEHITHE.

IupuHy pacKpeITHA HOPMATIBHBIX TPEIINH OIIPeAeNieM o GhopMyIe:

Os
Aere = P192 ‘p3¢s E l;
s

rae Iy = 1 — GasoBoe paccTosiHUE MEXIY CMEXHEIMH HOPMABHBIMH TPEIHHAMH;
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A 20— 4.33) = 100
fds=o.5*( ) x12=31.13cM

1, =05 303

Ho He 6onee 40dg = 40 * 12 = 480MM u e 6onee 40cm;
P = 1 — kosdduiuenrt, YUUTHIBAFOIIU HepaBHOMEpHOE pacmpeneneHne

OTHOCHTENBHHIX AedopMalliil pacTIHyTOH apMaTyphl MeXy TpeIllMHaMU;

®; — KO3Q(ULHEHT, YIUTHIBAIOIIMH  HPOAOIKUTENBHOCTh  NefCTBHS  HATPY3KH,

TIPHHUMaeMBIil paBHBIM:
e 1,0 — npu HeNpPOIOIDKUTEIEHOM JeficTBUM Harpy3KH;
¢ 1,4 — npu NpoJOIKATEITBHOM JeHCTBHH HATPY3KH;

P2 — K03hPULHEHT, YUUTHIBAONIHI PO POAOTBbHOH apMaTypHhl, IPUHAMAECMBIH

PaBHBIM:
e 0,5 — mmsa apMaTypsl IepHOANEECKOTO MPOGIIIS;
e 0,8 — mns rmagkoit apMaTypsI;

3 — K03 UIVEHT, YUUTHIBAIOLIM XapaKTep HarpyKeHHs, IPUHUMAeMBIit

PAaBHBIM:
o 1,0 — nnis 3neMeHTOB M3rnbaeMbIX U BHELIEHTPEHHO CXKATHIX;
o 1,2 — nnd pacTAHYTHIX 3J1€MEHTOB.

J; — HalpsDKeHHUs B PacTSHYTON apMaType, IOIMyCKaeTcs ONPEAesATs Ho hopMyIre:

_ M 1308000
Tz, A, 12,84%30,2

o, - 3373%

IMuprHa IPOJOIKUTENBHOTO PACKPHITHS TPEIMH COCTABHUT:
3373

Qe =1,4%05%1+1%——
ere 20387366':—2

* 31,13 = 0.036¢cMm = 0.36MM

TIpu DOIycTUMO# MUPHHE PACKPHITHS HPOXOIDKHTENBHBIX TpelmuH 0,4 MM ko3t dunueHT

HCTIONIB30BaHU II0 2 IPyIIe MpeaebHOTo COCTOSHHUS cOCTaBHT 0,9.
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B Ta6nuile HHXXe MpPEACTaBJIEHbl PE3yJIbTAThl ONPEEICHUS BHYTPEHHMX yCUIIMA

METOAOM KOHEYHBIX DJJIEMEHTOB M MCTOAOM OJKBHBAJICHTHEIX paM IS KapkKaca ¢©

6e36aJ109HBIM NIEPEKPHITHEM C STIEHKOH 7,2X6 M.

I rpymma npenenpHEIX COCTOSHHM

II rpynma npenebHBIX COCTOSHHMN

Merton onpenencHus
BHYTPEHHHX yCHIAH Vemms ot Veunus ot Veums ot Veunus ot
pacdeTHBIX PacdeTHBIX HOPMATHBHEIX | HOPMAaTHBHBIX
Harpy3oK Harpy3oK Harpy3oK Harpy3ox
(mpomner) (omopa) (npoer) (omopa)
Iposer B Hanpasnenn# X : L = 7200
1) PacdeT KOHCTpyKIAH
—-19.3
6¢36a510YHOTO MEPEKPHITASL =
6e3 kanuTeNnel B ynpyrou B -110 T B ~
(JHe#HOIT) TOCTaHOBKE
METOJA0M KOHEYHBIX Mx = 3,18 M MX:711,4 M Mx = 2,71 M Mx =—9,55 M
3JIEMEHTOB
IIporner B Hanpapnernn Y : L = 6000
ay-—217
- Y101 1 - -
My =253 1M My =-931 1M My=2,16 T'M My =-7.92 1M
IMponer B HanpaBnennu X: L = 7200
2) PacueT koHCTpYKIIUK
6 —241
€30aI0YHOT0 [ePeKPHITHS C =
KanuTexsamu (2,8%2,8M) B - -162 T - B
ynpyro# (JIMHEHHOH)
TIOCTaHOBKE MCTOIOM Mx =244 1M Mx =-1521'M Mx=2,081TM Mx =-13,0 ™M
KOHEUHBIX 3JICMEHTOB
IIponer B Hanpasienns Y: L = 6000
- —25.3
- Y170 - -
My=1821M™ My =-12,0 7'M My=1,551M™ My =-10,2 7'M
3) PacueT KOHCTpYKIHI I X: L = 7200
6e36a104HOTO MePEKPHITHA C POJICT B HAIPABIICHHH A L =
kanurensmMu(2,8x2,8m) B —28.6
Heynpyroi (HenuHeHHoH) _ = 192 T _ _
IIOCTAHOBKE METOI0M
KOHCYHBIX JJICMCHTOB
Mx = 2,66 T-M Mx =-16,7 T'Mm Mx=2311M Mx =-14,51M
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IIponet B HampaBnenuu Y : L = 6000
qu 206
- Y198 1 - -
My=2,04 1M My =-15.1T™M My=1771M™ My =-13,11M
4) PacueT KOHCTPYKIIUH 1_[ X L= 7200
6e36a109HOr0 ePEKPHITUSL POTICT B HATIpABIICHUM A - L =
METOJIOM 3KBHBAJICHTHBIX paM
B Qx=245T _ Qx =-2084T1
Mx=4121M | Mx =-10,59 T'™m Mx=35T1M Mx =-9,0 T'Mm
IIponer B HampaBnenuu Y: L = 6000
- Qy=245T - Qy=-2084T
My = 2,86 T-Mm My =-7.35T1™M My=243 1™ My =-6,25 1M

HPI/IMCLIaHI/IH K METOAY KOHCHHBIX 3JICMCHTOB!

1. Jdng Qx u Qy Hag gepToit 3HAUE€HHUsS] OTHECEHBI K 1 M.II. IIUPHUHBI IUTUTHL, TIOJ] YepTOi —

OTHECCHHBIE K KOHTYPY IPpOAaBJIINBaHUA;
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