Набор лекций по 5-й теме Основы расчета строительных конструкций, работающих на изгиб.
Набор рассчитан ориентировочно на 12 часов лекций+12 часов практических работ
4. Расчет железобетонных плит.

Расчет монолитных балочных плит, понятие о расчете монолитных ребристых перекрытий.

Понятие о расчете сборных пустотных и ребристых плит.

Правила конструирования пустотных, ребристых и монолитных плит.

Понятие о расчете сборных железобетонных конструкций на транспортные и монтажные нагрузки.

Предварительно напряженные железобетонные конструкции.

Общие сведения. Суть и стадии предварительного напряжения. Материалы. Способы натяжения. Напряжения в предварительно напряженной арматуре. Особенности армирования. Понятие о расчете.- 2 часа
[image: image1.png]7.4.8. Pacuet xene306eTOHHbIX MJIUT NO HOPMAanNbHOMY
ceueHuio

1. OGacTb pacnpocTpaHenHsi 1 NPEINOCLUIKH [Isi pacyeTa

TImTamy Ha3BIBAIOT 3IEMEHTEI, Y KOTOPBIX OMH pa3Mep (ToJm-
Ha) 3HAYHUTEJILHO MeHBLIe JIBYX IPYTHX.

TLITMTHI 1O HCNOTHEHKIO MOTYT GBITh COOPHBIMH, MOHOJIMTHBIMH 1
cGOPHO-MOHOJIMTHBIMH, N0 CTATHYECKO#i cXeMe paGoThl OHM pas/inya-
10TCSi Ha OJIHOMNPOJIETHBIE, MHOTOTIPOJIETHEIE M KOHCOJIBHBIE, 10 KOH-
CTPYKIMM — CIUIOLIHEBIE, TMYCTOTHBIE ¥ peGpHCTHIE.

TIMTEL MOTYT ONUPATLCS 1O IBYM CTOPOHAM, ¥ TOTZia TUIMTa pa-
GoTaer Kak Gaika, M3rubasich B OZHOM HanpasJieHHH, TaKHe TUINTBI
HasbBaloT GatounbiMu (puc. 7.45, a). Tpu onupanmy no Tpem Wi
UeTHIPEM CTOPOHAM TUIHTA paGoTaeT B IIBYX HaNpaR/eHHsIX, TAKHE TUIH-
Thl HA3bIBAIOT ONIEPTHIMM 10 KOHTYPY (puc. 7.45, 6). Ho eciu B Takmux.
TUIMTAX OTHOLLEHHE JUTMHHOTO MPOJIETa TUTUTHI /, K KOPOTKOMY TpO-



 [image: image2.png]niety I, Gosblue WK paBHO 2 (HECMOTPS Ha ONMpPaHKe MO YeTHIpEM
CcTOpoHaM), IMTa paboTaeT B OCHOBHOM B HanpaBJieHUH KOPOTKOTO
rposieTa ¥ paccMaTpuBaeTcsi Kak GaouHas (puc. 7.45, 6).

CIuIOLIHBIE OIHONPOJIETHBIE MUTMTHI BHINONHSIOTCA, Kak MPaBuiio,
COOPHBIMM ¥ IPUMEHSIIOTCS JUISi MIEPEKPHITUS. HEGOBLIMX NPOJIETO!
HanpuMep, MMM MOTYT NepeKPBIBaThCS KOPHIOPHI, JIM(TOBBIE LIax-
THI, TOATOJIBHBIE KAHAIBI, KAHAJIB TEIIOTpacc ¥ T.1. Bmecte ¢ TeM
CIUIOLIHBIE TUTUTHI MOTYT SIBJISITHCSI YaCThI0 COOPHBIX XeNe306eToH-
HBIX KOHCTPYKIIMii WM BXOIMTB B COCTAB MOHOJIUTHBIX NEPEKPHITH,
TIOKPBITHIL.

Puc. 7.45. Mmarer:
a) nnuTa, onepTas o ABYM CTOPOHaM; 6) nATa, ONEPTas! 110 KOHTYDY, NP
1/, < 2,0 — paGoraer. B AByX HANPaBneHMsX; B) NAMTa, ONEPTas N0 YETHIDEM
croporam, npu 1./l > 2,0 — paboTaer. 8 HanpaBNex KOPOTKOro NponeTa




[image: image3.png]TIpoeKTHpYsi TUTUTBI, CTPEMSITCSI MAKCHMAJIBHO OGJIErYMTh MX ceve-
'HMe, YTO JOCTHIaeTcsl yMeHblleHVeM 6eToHa B pacTsiHyToii 30He. IMpu
3TOM ecJiM TpeGyeTcsl IAIKMii MOTOJIOK NMEPEKPHITHSI, TO BHITIOIHSIOT
MYCTOTHbIE TUTMTHI WK peGpucThie TUIMTH peGpaMy BBEPX; €C/N He
TpebyeTcs J1alIkoro NMOTOJNKa, BHINOJHAIOT PeOpHCTHIe TUTMTHI C pe6-
PaMM, pacrioJIoXeHHBIMM B HVDKHel yacTH. B pacTsiHyToii 30He Mt
CTPEMSITCS! OCTaBUTh MMHUMAJIBHO HEOGXOIMMOE KOJMYeCTBO GeToHa,
HY)XHOE JUISl pa3MellieHWs! PaCTSIHYTOl apMaTypPbl ¥ obecriedeH st Ipoy-
Hoctu. TyctoTHBle ¥ pebpHcThie MIMTH (NaHe M) ¢ pebpaMu BHU3
pa6oTaloT Ha M3rMb Kak GaJIKv TABPOBOTO CEYEeHMsi, a TUTTHI CTUIOLI-
'HOTO ceyeHMsi — KaK GaKy NMpsSIMOYTOJIBHOTO CeYeHMSsI.

2. PacyeT CILIOMHBIX Je/e300e TORHBIX TUTHT

CrjloLIHble TUTMTHI, KaK YXe OTMeYasloch, PacCYMTHIBAIOTCH KaK
nipocThie 6aKH MPSIMOYTOJIBHOIO CEYEHHS! C OIMHOYHBIM apMHPOBa-
HueM. B citydae eciv rMTa BHINONHsIETCs: GOMBLIOIO pasMepa, IUTs ee
pacyeTa YCJIOBHO BBIPE3aloT NoJiocy WMpHHOi | M i c6op Harpysok,



 [image: image4.png]pacueT apMaTyphl ¥ IPOBEPKa NPOYHOCTH HAKJIOHHOTO CEYEHMST Bbl-
TIOJIHSTIOTCS JUISt 3TO# NOJIOCH!, a 3aTeM, NPH NPOEKTHPOBaHUM apMa-
‘TYPHOI CETKH, YUMTBIBAIOT (haKTHYeCKHe pa3Mephbl TUIMTHI.

O6uwuii nopsidox pacuema cniownsix nium (6e3 npedeapumensrozo
Hanpamcenus):

1. OnpenienstioT HArpy3KkH Ha 1 NOrOHHKIH MeTp MMTHI (puc. 7.46).

.
g

J_ln

Puc. 7.46. BanouHsie nnuTs (YCToBHO AR PacieTa Bbipesaem 1 MeTp nnuTs)

2. OnpenensiioT pacyeTHBII NMPOJIET TUIMTBI, CTPOSIT PacYETHYIO
CXeMy, SMIOpbI TOTIEPEYHBIX CIII M MOMEHTOB (aHAJIOTMYHO pacyeTy
6asiok).

3. 3analoTcst MaTepHaiaMM M YCTAHABITMBAIOT X PACYETHbIE XapaK-
TePHCTHKH.

4. TpuHMMaIOT pacyeTHoe cedeHHe TUTHTHI (pyc. 7.47) U IPOM3BO-
JAT pacyeT NPOYHOCTH HOPMAIBHOTO CeveHHst (onpenensiioT Tpeby-
eMyIo Tuiowak paboyeit apMaTyphl).
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Puc. 7.47. Pacvetroe ceverwe nmuTsl

5. TIpoBepstioT NPOYHOCTh HAKJIOHHOTO ceveHHsi (pacyeT NPOYHO-
CTH HAKJIOHHOTO CedeHMsi cM. B naparpace 7.4.9). ITpu 3tom cienyer
YUMTHIBATH, YTO B CIUIOLIHBIX TUIMTaX BBICOTOM MeHee 300 MM MoryT
OTCYTCTBOBATD NOMNEpeYHbIe CTEPXKHU.



 [image: image6.png]6. KOHCTpyMpyIoT rumry.

PacyeT ruTHT, ONEPTHIX 110 KOHTYPY, NPOM3BOINTCS aHAJIOTHYHO
PacyeTy CrUIOLIHBIX GaIOYHBIX MUTHT, HO M3rHGalolMe MOMEHTH
TioTepeyHbIe CHITBI ONPENeISTIOTCS JYIst IBYX NOJIoC (B HanpaB/ieHHH
JUIMHHOTO ¥ KOPOTKOTO NMPOJIETOB) M, COOTBETCTBEHHO, PACCYNTHIBA-
€TCs1 apMaTypa Juisi Kaxzoii nosiocs! (puc. 7.48). 3HaueHH st MOMEHTOB
W TIOTIePEYHBIX CHJI 3aBUCSIT OT COOTHOLUEHHSI POJIETOB 1 CXEM OfH-
PaHUsI TUTHT Ha CTEHBI, OHH HaXOJISITCS NPH NOMOUIM TaGJIHIL, IPHBO-
JIMMBIX B CMPaBOYHO#M JIMTEPAType 1O PacyeTy XKeJie306eTOHHBIX KOH-

CTPYKLMiA.

PuC. 7.48. K pacvery nnur, onepTeix no KoHTyDy.

3. HexoTopble NpaBH/Ia KOHCTPYMPOBAHHS CILIOMHBIX TUHT

® TOJIMHA MUIMTHI 3aBMCUT OT HATPY3KH M Pa3MepOB NMepeKphiBa-
€eMoro nposieTa, 06b14HO coctasJisier 100—250 M. J1ist MX M3rOTOBNE-
HHs1 IPUMEHSTIOT TsDKeNbii GetoH Kiaccos B 7,5—B 20. TLnnTst apmu-
PYIOTCS! IVIOCKHMH CETKaMH, BHITIO/HSIEMBIMM 3 apMaTypHI KJIaccoB
A-I. A-I1. A-II1. Bp-I*




[image: image7.png]@ pacCTOsTHHE MEXILY OCAMHM pabOYHX CTEPXHEN MPUHUMAETCS He
6onee 200 mm npu h < 150 M 1 He Gonee 1,5k npu h > 150 Mm;

® MEX/1y OCSIMH pacnpeie/IMTe/IbHOM apMaTypBsl NPUHHUMAIOT pac-
cTosiHue He Goriee 350 Mm;

® TUIOLLAAb PACTIPE/IE/IMTENBHOM apMaTypPHI JIOJDKHA COCTABJISITD He
mehee 10% or muiowwany ceveHus paGoyeii apMaTyphl;

‘@ py paboTe TUIMTHI B JIBYX HanpabJieHHsiX paboyast apMaTypa cTa-
BUTCS TAKXKE B JIBYX HaNpaBJieHHsX;



 [image: image8.png]® paboyme CTEPXHH apMaTyPBI JIOJDKHBI 3aXOMMTD 3a TPaHb ONOPHI
He MeHee YeM Ha 5d, rie d — juaMeTp paGoueit apMaTypHI;

® B CJlyyae MPUMEHEHMST STYEHCTOrO GETOHA TONIIMHA TUTHT BBITNON-
Hsietcsi 300 MM, MX apMHPOBaHHe OTJIMYAETCS OT apMUPOBAHMS TLTUT,
BBHITIOJIHEHHBIX U3 TsKeJioro GeToHa, 0GBIYHO paboyast apMaTypa siB-
JISIETCS YaCTBIO apMATyPHBIX KaPKACOB;

® ju1s1 oGecriedeHHst IPOYHOCTH TMPU TPAHCTIOPTHPOBaHHH, MOHTa-
ke, CKJIAAUpOBaHUK COOPHBIX XeJie306eTOHHBIX TUIMT MPOU3BOIAT
COOTBETCTBYIOLIMIA PacyeT M MPH HEOGXOMMMOCTH CTABSIT JIOTIOJHU-
TeJIBHYIO apMaTypy, BOCTIPUHHMAIOILLYIO 3TH YCHIIHSL.

4. TonsTie 0 pacyeTe H KOHCTPYHPOBAHHH NMYCTOTHBIX TUIHT

TlycToTHBIe TUIMTHI (NaHeJH) TIEPEKPHITHIA BBITIONHSIOTCS JUTMHON
OT 3—9 M pavTHYHOI UTMPHHBI, YTO 0becTIeYHBAET UX PACKIIANKY B pa3-
JIMYHBIX TIO pa3MepaM NepeKphITHAX. BeICOTa MyCTOTHBIX TUIMT Yaiie
BCero NpuHUMaeTcsi 220 MM, MyCTOTHI KPYIVIOTO ceYeHusl IMaMETPOM
159 MM, MMHHUMAaJTBHAS! TOJIIMHA MOJIOK 25—30 MM.

TIycTOTHBIE TUIMTHI MOTYT ONMPATHCS Ha CTEHBI, GAJIKM, PHTeH.
‘Onupanye BHIONHSIOT Ha JiBe ONOPHI H, ClieZIOBATeIIbHO, MyCTOTHAs
TUTMTA PacCYMTHIBAETCS KaK npocras G6anka (puc. 7.49).

j Y G

‘.

Puc. 7.49. Oruparue nnur Ha CTens, purenn

‘DaKTHyecKoe cedeHHe TUIMTHI MIPH pacyeTax 1o repBoii rpyrne
TIpezieIbHBIX COCTORHMHI 3aMEHSIeTCSl Ha TABPOBOE CeYeHHe, B KOTOPOM
6eToH MeXIy MycToTaMy YCJIOBHO cobpaH B peGpo (cuMTaeTcsi, yTo
PACTsHYTas! TIOJIKA TUMTH B paGoTe He yYacTBYeT BCIIESCTBHE 0Gpaso-
BaHus B Heit TpenH). Kpyriikle OTBepcTHsi MpH onpefiesieHHH WHpH-
HbI pebpa b 3aMeHsTIOTCS Ha KBazpaThl (puc 7.50).

TlycToTHBIE UMTHI MposieToM 3—4,5 M 0GBIYHO BHITIONHSTIOTCS Ge3
TIPEIBAPUTEITBHOTO HATPSDKEHHst aDMaTypBI, a TUTMTHI GOJIBIIHX PO~
JIETOB — C TPEAIBAPHTENBHBIM HAINPSKEHHEM.

B ciyyae BEINOJNHEHMsI NPONOJBHOI apMATYPEI NIPEIBAPUTENEHO
HanpsKEHHOM OHa JUIS YIPOYHeHHsT GeToHa Ha y4yacTKax nepesiayu
HanpsiKeHMsl (Y4acTKu BOJIM3HM OIIOP) OKPYXXA€eTCs apMaTyPHBIMH CET-
kamu. TTIPOYHOCTb HAKJIOHHBIX ceyeHHit 06ecreynBaloT KapKackl Ha
TPHONOPHBIX YYaCTKaX MUIMTH JUTMHHOIA '/,/, TocTaBIeHHEIe yepes iBa
oTBepcTHsi. B BepXHeii acTH CeyeHMst TUIMTHI YCTAHABIMBAETCS CeT-




[image: image9.png]Ka, BOCTIPUHMMAIOIIasi MOHTAaXHBIE W TPaHCNIOPTHHIE HATPY3KH
(puc. 7.51). BO3MOXHBI ¥ IpyTHe KOHCTPYKLIMH MYCTOTHBIX TUIHT.

a)

h

/080000
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Puc. 7.50. Ceverm noumsi:
a) parimecroe cevenue; 6) pacieTHOR Coverie

6) =1

Noohdoal

2 1

PHC. 7.51. ADMADOBaHUE NDELBADHTENEHO HANPRXEHHOM MYCTOTHOM NIMTH
PepEKDLITUR: &) NPOROMLHY PASPE3 NNVTS; 6) NOMEpENHs PasPes NHTH;
1~ NPenBApUTENHO HAMDAXEHHHaR BDMATYDS; 2 — CETKa, OKDYXBIOUIA Npexsa-
PUTE/IBHO HANPAXEHHYI0 apMATYPy Ha Y4acTKax nepeaayy HanpaXeHus;

3— Kapracei; 4 — MoHTaXwHaR ceTka

5. IlonsTHe 0 pacyeTe ¥ KOHCTPYHPOBAHHH PeGPHCTHIX TUMT
PebpricTbie IMTH peGpamMu BHH3 NPUMEHSTIOTCS B IIPOMBILLIIEHHOM W

TPaX1aHCKOM CTPOUTEJTLCTBE, KOIIa He TpebyeTcst poBHBIiA notonok. Ta-
K¥e TUTHTHI SKOHOMHYHBI NO PAacXo/y GETOHa, TaK KaK B HUX MAKCHMATb-




[image: image10.png]HO yniasieH GETOH pacTsiHyTOM 30HHL. ITposiers! npuHUMaloTest ot 6 10
12 M, umpuHoii ot 0,9 110 3,0 M. MOTyT BHINIONHSATECS NPEABAPHUTENBHO
HanpsDKeHHBIe ¥ 663 NPEIBAPHTENTBHOTO HATIPSIKEHHS] apMATYPBIL.

Tlpu pacyere peBpUCTHIX TUTHT ¢ peGpamu BHU3 (pyc. 7.52, 7.53), dak-
THYeCKOe ceyeHHe TUTMTHI 3aMeHsieTcsi Ha TaBpoBoe. [ToniepeuHbie peGpa
TUTHTBI TAKXKe PACCMATPHBAIOTCS KAK 3IEMEHTHI TABPOBOTO CEUCHHSL.

a) ¢

6) .

Puc. 7.52. Cevenus npoponsHoro pedpa:
) gaxmuveckoe; 6) pacuerHoe

st NPOONbHBIX M MOTepeYHBIX peGep BHIMOTHSIOTCS pacyeTsl
apMaTyphl ¥ NPOYHOCTH HaKJIOHHBIX ceveHMit no Gopmynam anemeH-
TOB TaBpoBOTO cedeHMsi. IToJKa NIINTHI PACCYMTHIBAETCS KaK TUIHTA,
3aleMIeHHas! B NIPOJIONIbHBIX M MoNepeyHEIX peGpax (onepTast no KoH-
Typy unm basiouHas).

a)

i L \

Tipononsioe peGpo

Puc. 7.53. PeGpvcTast nnuTa: a) NPOROMbHBIA Pa3pes;
6) nonepetribiii paspes




[image: image11.png]PeGprcTast IUIMTa, BHIOJIHEHHas! peGpamy BBepX (pHic. 7.54), npu-
MEH$ieTCs! B Ka4eCTBE PaCTOPHBIX TUTHT MEXITY KOJIOHHaMH NepeKphl-
THST KapKacHOro 3iaHust. ObecriednBaeT POBHEIH NOTOJNIOK M BO3MOX-
HOCTB NPONyCKa BEHTHISILIMOHHBIX KOPOBOB, TPY6 1 pyroro o6opy-
JIOBaHMS Yepe3 TOHKYIO HIKHIOK MOJIKY, KOTOpasi TO3BOJSIET
BBITOJIHATB B Heit oTBepcTyst. [TpoonbHEe peGpa MIMTHL PacCYMTH-
BAlOTCS KAK aJ/eMEHT NPSIMOYTO/BHOTO CeYeHHsl, TaK KaK T0JIKa TaKo#
TUIMTBI OKa3BIBAa€TCs B PACTSHYTO# 30HE M BHIKITIOYAETCst M3 paboThl
npy uaruGe muiMTH. [ToNIKa MUIMTH PACCYMTHIBAETCS OTAETBHO KAK
CIUIOLIHAS TUIHTA, 3allleMIeHHas B peGpax.

e —

Puc. 7.54. [onepesHoe cevenue pebpHCTOil MnTS! ¢ peGpamy BBepx

6. [TonsTHe 0 pacyeTe H KOHCTPYHPOBAHHH MOHOJIHTHBIX PeOPHCTBIX
TiepexpLITHii

Cy1uecTByeT HECKOJNEKO KOHCTPYKIIMIE MOHOJIMTHBIX PeGPHCTBIX
nepeKpbImvii. HanGoJiee 3KOHOMITYHEI MOHOJMTHBIE peGpHCTBIE Nepe-
KPHITHS C GaI0YHBIMM TUTMTaMK. VX NPUMEHSIIOT B TPOMBILIEHHBIX
M rpaXIaHCKHX JIAHMSIX NPH HECTAHIAPTHBIX Pa3MepaX NepeKphiBa-
€MOTO TOMeIIeHHs M 3HAYUTENIHBIX HArPY3KaX, KOTOPhie He MOTYT
BOCTIPMHSTb COOPHbIE TUTMTH NEPEKPHITHIA.

MoHomuTHEE peGPHCTEIE NEPEKPHITHS COCTOSIT M3 TUIT, INIABHBIX
M BTOPOCTENEeHHEIX Ganok (pwc. 7.55), KoTopeie 6eTOHMpYIOTCS BMec—
‘Te ¥ NPEACTABNSIOT coGOit eIMHYI0 KOHCTPYKIMIO. [T1aBHBIe M BTOpO-
cTeneHHble GaKK MOTYT PacrioNaraThcsi BIOJb M NMONepeK nepeKphbi-
BaeMoro noMenieHust. [naBHbie GaKi HecyT HAMGOJBILIYIO HATPY3KY,
VX IpoJieT NpuHMMaeTcs 6—8 M, BbicoTa ('/y—'/,s) nporieta. Bropocte-
TieHHble GaK1 'pacnonaralo'lm c warom 1,7—2,7 M, nponetom 6—8 M,
BBICOTON ('/;—/1) MpOneTa. Lilupyta Ganok nprHmMaeTcst (0,3—0,5)
BBICOTHL. [TTMTHI peGpPHCTOro GaJIOYHOTO NEPEKPHITHSI BHINOIHSIOTCS
TonumHo# 40—100 MM B 3aBHCHMOCTH OT HYIPy30K.

IMepekpHiTHe BHINOJHsiETCsi U3 GeToHa KiaccoB B15—B20 u apmu-
PpyeTcsi ceTKaMM M KapKacaMM M3 apMatypsl Kiaccos Bp-1, A-T, A-T1,
A-TIL

Bce arneMeHTbI NepeKpBITHS: TUINTA, BTOPOCTENEHHBIE GalKH, I1aB-
Hble Gk — paGOoTAIOT KaK e/lMHasi KOHCTPYKLHSI, HO pacyeT 3/ieMeH~-
TOB NMPOM3BOIAT pasjielibHo. [1TMTa, MOHOJIMTHO cBsI3aHHast ¢ GaIKa-




[image: image12.png]MM NepeKpHITHsI, PaGOTaeT B 3aBUCHMOCTH OT COOTHOLLIEHHSI NpoJie-
TOB (WIMHHOTO /, ¥ KopoTKoro /). [Tpu cooTHowe nH /1, > 2 mmra
GaJiouHasi ¥ paGoTaeT B OZIHOM HamnpaBJieHUH, U3rubasich B HanpapJie-
HUH KopoTKoro nposieta. [Tpy cooTHowenmn 4//, < 2 nmra paboraet
B JIBYX HanpaBJieHUsAX. )

PuC. 7.55. KOHCTDYKTUBHS CXEMa MOHOTMTHOD NEPEKDLITUS:
1— nnwma; 2 — BTOpoCTenenHas Ganka; 3 — rnagtes 6anKa;
4 — crena; 5— KonowHa.

Ipu pacuere GaOYHBIX IMT U3TMGAIOLLINIT MOMEHT B IIEPBOM MPO-
JieTe M Ha NepBOii NPOMEXYTOUHO# ONope onpesieNisieTcs o hopMyne

M= gli/11; 7.3
B CPE/IHHX NPOJIETAX M Ha CPEIHUX ONopax
M,=gi}/16. (7.33)

PacueTHlit NPOMET MIMTHI IPUHUMAETCS| PABHBIM PACCTOSIHUIO B
CBETY MeXy BTOPOCTENEHHBIMU GalkaMH, a NIPH ONUPaHMU Ha CTe-
HY — PacCTOSIHHIO OT LIEHTPa ONIOpBI Ha CTeHe 10 peGpa BTOpOCTeneH-
Hoi Ganku.

ApPMHPYIOTCSI IUTHTBI PYJIOHHBIMM WM TUIOCKMMM ceTKamy (puc. 7.56),

TNPH apMUPOBAHMH YUHTHIBAETCS XapaKTep pacrpe/ielieHHs AMIOpsI MO~
MeHTOB.

BaKu apMMPYIOTCsi KapKACaMH € Y4ETOM TOTO, 4TO B MECTAX OfH-
PpaHMsi GallOK, TaK Xe KaK U B IUIMTaX, BO3HUKAIOT ONOPHBIE MOMEH-
THI, @ B IPOJiETe NPOJieTHBIe MOMeHTHI. BropocreneHHble Gaku 1 rmaB-
HEle GATKM B IIPQJIETe pacCUMTHIBAIOTCS KaK Ga/lKy TABPOBOTO CEYEHHST;
OKOJIO OIOp, Tie M3TMGAIOLIHIT MOMEHT MEHSIET 3HaK, PacyeTHOE Ce-
YeHHe MPUHUMAETCS NPSMOYTONLHBIM, TaK KAK I10J7Ka OKA3BAETCS B
pacTsiHyTO# 30He (puc. 7.57).
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Puc. 7.56. IOPa MOMEHTOB 1 SDMUPOBEHIE MTH PEBPHCTOND MEPERDHITR:
1— apMarypHble CeTku B MponeTe T
2— apMaTYDHLIE CETKM HA BTOPOCTENeHHSIMM GAMKaMM

a)

Puc. 7.57. Pacvemsie cevenn Ganok: a) & nponere (Tasposoe);
6) 663w onop (npAmoyronsHoe); 1 — cxaTas aoma GeTowa

TlIpu pacuete BropocTeneHHble GaJIKN pacCYMTHIBAIOTCST HA PABHO-
MepHO pacrpeJieJieHHbIe HarPy3KH, a IJ1aBHbie GaTkH — Ha COCpesio-
TOYEHHBIE HarPY3KH OT peaKlinit BIopocTeneHHBIX 6anoK.

JleTanbHbIi pacyeT ¥ NoapoGHOE apMUPOBAHHE MOHOJIMTHOTO pe6-
PVCTOTO NEPeKPHITHs B IAHHOM KyPCe He paccMaTpHBAIOTCS.

7.4.9. PacyeT NpoYHOCTH HAKIIOHHBIX CEYEHMI
Xene306eTOHHLIX U3rMGaembiX IIeMEeHTOB

KpoMme pactera NpOYHOCTH HOPMAJIBHOTO CeYeHHsl, B U3rMGaeMbIX
XKeJle306eTOHHBIX /leMeHTax (GasKax, TUIMTax) HeoGXOAMMO NPOU3BO-
JIMThb pacyeT ¢ LieJTbio obecneueH s MPOYHOCTH HAKJIOHHBIX CeYeHUt.




[image: image14.png]7.4.10. NpeaBapuTeNbHO HANPSKEHHbIE
Xene3o6eToHHbIE KOHCTPYKUMN

1. CyTs npeapHTe I-HOTO HANPSDKEHHS H NPENOCHUTKH /LIS pacyeTa

B 0GBIYHBIX X€JIe306ETOHHBIX KOHCTPYKLMSAX (BBITIONIHEHHBIX 6e3
TIPE/IBAPHTEITBHOTO HANPSKCHUS) €CTh J1Ba KPYITHBIX HEIOCTATKA, KO-
TOpBIE Pe3KO OrPaHHYMBAIOT 06NAacTh MX NMPUMeHeHHs. Bo-niepBbix,
B PaCTSIHYTBHIX 30HaX OGBIYHBIX XKeJIe306eTOHHBIX KOHCTPYKLHIT 0651~
3aTeNBHO NPHCYTCTBYIOT TPELIMHBI JIAXE TPH OTHOCHTEITBHO HeGOJIb-
1IMX HArpy3Kax. Bo-BToOpBIX, IPHMEHEHHE apMaTypPhbl, M3TOTOBJIEHHOM
3 BEICOKONPOYHBIX CTasIel, 663 MPEBAPHTENLHOTO HATPSKCHHS He
IaeT BO3MOXHOCTH TOJHOCTBIO MCTIONB30BATh €€ HECYLIYIO CrOCo6-



 [image: image15.png]HOCTB. PanHee pacKphITHE TPELMH B HEHANIPSATACMBIX JKeJIe306¢TOH-
HBIX KOHCTPYKIIMSIX, paGOTaloIMX Ha W3rMb 1 pacTskeHHe, PUBOINT
K TOMY, YTO K MOMEHTY JIOCTHXEHMs1 paGoumX HanpsDKeHHi B apMa-
Type, B 6ETOHE NOSIBIISIOTCS YPEIMEPHBIE «3HSIOUIHE> TPELMHBL DTH
HEJIOCTAaTKH TPEOJIONICBAIOTCS TPEABAPHTELHBIM HAIIPSDKCHHEM BBICO-
KONPOYHOI apMaTypH B Xene3obeTone. [pH npenpapuTensHOM Ha-
TIPSDKEHHH JIOCTHTAETCS TIOJTHOE MCTIONB30BaHHE HeCyiel CriocoGHo-
CTH BBICOKONPOYHO# apMaTypBl, H TIPH 3TOM MOXHO TTOJIy4HThb KO-
HOMMIO METallla, TAK KaK YeM MPOYHEC apMaTypa, TeM MCHBIIC ce
TpebyeTcst ISt obecrneyeHHsi MPOYHOCTH.

Tlpedsapumensto HANPANCEHHBIMU HceAe300emMOHHBIMU KOHCMPYKYU-
AMU HA3BIBAIOMCA KOHCMPYKYUL, 6 KOMOPbIX UCKYCCIMBEHHO, Ha Crmadust
u320Mo6AeHILA, CODAIOMCA HANPANCEHIUA 30 CHEM HAMANCENUA APMAmmy-
pot u nocaedyioue2o obxwcamusn 6emona. TpeBapUTENBHO CO3NAHHBIE B
XKeNie306ETOHHOM 3/IeMEHTE HalPsKEHHs! 10 3HAKY NPOTHBOJEHCTBYIOT
HarpPSKEHHSIM, BOSHMKAIOLIMM OT BHELTHUX Harpy30K, YTO MPUBOINT
K YaCTHYHOH WM TOJIHO# KOMMEHcalMi pabounx HanpspkeHHit.

TpeaBapuTebHO HANPSTKEHHBIMM BHITIONTHAIOTCS XEJ1I€306ETOHHBIE
AICMEHTBI, paGOTAIOLIME Ha PAaCTSIKCHHE, BHELICHTPCHHOE CHKATHE, M3~
6. Tak, B pacTSHYTHIX 3JieMeHTax (pHc. 7.62) oT BHeluHei Harpys-
KH BO3HHKAIOT PACTSTHBAIOWME HATIPSOKEHHSL, 3 OT TIPEIBAPUTENBHO-
TO HanpsKeHHsl apMaTypHl, KOTOpoe nepeniaeTcsi Ha 6eToH, B 6eToHe
BO3HHKAIOT CMMAIOIIME HATIPSKEHNS. DTH HANPSKEHUS C PasHBIMU
3HaKaMH, 1 OHH KOMIICHCHPYIOT IpYT ApYTa, TeM CaMbIM yMEHbILIaeT-
Csl IIMPMHA PaCKPBITHS! TPELIMH, WK TPELMHE! BOOGIIE He BO3HHKa-
10T. B n3rubaembix 37ieMEHTaX CHJla NIPe/IBAPUTESTBHOTO OBXaTHs pH-
KJIaJILIBACTCS HE 110 LIEHTPY TSXKECTH CEYCHMS!, @ C SKCLCHTPHCHTETOM
€y, UTO BBI3BIBACT TNOSIBJICHHE M3rMGAIONIEro MOMEHTa (MOMEHTa oT
TPE/IBAPUTENIBHOTO OGXATHSI), KOTOPHIH YaCTHYHO WIH MOJHOCTBIO
KOMITEHCHPYET H3rnGalonmii MOMEHT, BHI3BAHHBIH BHEITHUMH CHJla-
mu (puc. 7.63), M Kak cliencTBHE — MOBBILIAETCSI TPELIMHOCTOUKOCTD
KOHCTPYKLM# M YMEHBLIAIOTCS NIPOTHOHI.

HTaK, M3roToRNEeHHE NpeIBapHTEIbHO HAMPSKEHHBIX XeJle306e-
TOHHBIX KOHCTPYKILMI CNIOXHee, YeM KOHCTPYKILMiA Ge3 npenBapuTeis-
HOTO HaNpsDKEHUSI apMaTyphl, HO OHM TO3BOJISIOT HCTIONB30BaTh 60~
Jiee MIPOYHEIE apMATYPHBIC CTAJTH, 33 CYET YErO PAaCXOJI CTAIH B NIPeli-
BapUTEITLHO HATIPSIKCHHBIX 3IEMCHTaX MCHBLLIE, YEM B HEHATIPSITACMBIX
anemeHTax. ITpu 3ToM 0becreunBaeTCsi NOBBILIEHHAS! TPEIMHOCTOM -
KOCTB M YMEHBIIIAIOTCS NPOTHOBI 371eMeHTOB. TT03TOMY NpefBapHTesib-
HOE HanpspkeHHe Hanbosiee palMOHATEHO JUISE KOHCTPYKLMIA, B KOTO-
PBIX BCE CEYCHHE WK €10 YacTh PaCTHYTHI (HarlopHBIE XeJie306eTOH-
Hble TpyObl, CTEHKH pe3epByapoB, 3aTsSKKH apoK, pacTSHYThe
aneMeHTHI (hepM, pHTESTH paM, TUTUTHI, GaKH M JPYTHE 3NIEMEHTHI).
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3. B aemerre coviano nanpserme 4. Tlpuroxena nuemmAx narpyaKa

Pyc. 7.62. Craw coanarvs v paGOTs NPE/BAPUTENIHO HANPXEHHOTO PACTSHY-
TOr0 SNEMEHTA C HATSKEHMEM APMATYDbI Ha YNIOpb!

B LIeHTpaJTBHO-PaCTSIHYTOM TPEBAPHTENTbHO HANPSDKEHHOM 3JleMEH-
Te CO3/laHHast CHJIa TIpe/IBAPHMTENIEHOTO 06Xatwsi 6etoHa P npoTHBO-

ZieficTBYeT BHelIHe# Harpy3Ke N, 1, KOTZia OHH PaBHBI, HalPsDKEHHs.
B 6eToHe GY/yT paBHBI HYJIO; Ha 9TOM 3Tarne paGoTH TpewHH B 6eTo-
He 3/IeMeHTa He obpasyercsi.

TIPHBC/CHHOTO cexelus

PyC. 7.63. Cxema paboTsi NPEABAPUTENbHO HAMPSXEHHORO U3rHGAEMOID 3/eMeH-
Ta: @, — SKCUGHTDUCHTET IPUIOXEHIS YCUIWS: NIDEABADHTENIHOTO OGXETHS] P
OTHOCUTENIbHO LIEHTA TRXECTH NDUBELEHHOTD CEYeHMS!




[image: image17.png]B uarubaeMbix a5ieMEHTax CHIa NMpeIBapHTENTLHOTO 0GXaTHs GeTOHz
P BBI3BIBACT NOSIBJICHHE BHYTPEHHETO M3rMBAIOLIEro MOMEHTa, KOTO-
PHIii NIPOTHBOAEHCTBYET BHEIIHEMY M3rubaroliemMy MOMEHTY M, Bo3-
HMKAIOLIEMy OT BHELIHHX Harpy3oK (puc. 7.63).

TIpenBapHTENBHO HATIPSKEHHBIE XEJIE306€TOHHBIE INEMEHTH MO-
YT M3rOTABIMBATLCS C HAMANCEHUEM GPMAMYPbi HA YNOPbI, KaK ITC
M306paxeHo Ha puc. 7.62 (Yropamy yacto ciyXat 60pTa CTaTbHBIX
bopm) M ¢ Hamacenuem apmamype: Ha bemon. B ciydae HaTSDKEHMs
apMaTypbl Ha 6ETOH CHauala BHITIOTHSIETCS CJ1aboapMUPOBaHHEIH Xe-
J1e306ETOHHBII 3/IEMEHT, B KOTOPOM OCTaBJISIIOTCS] KaHaJIBI JUISl Tpo-
TIycKa NPE/BapUTE/ILHO HanpsiraeMoit apMaTyphl. 3aTem yepes KaHas
TIPOMYCKAETCS! apMaTypa, ONIMH KOHEII €€ 3aKPETLISICTCS! B TOPIIE Xe-
11€306ETOHHOTO 3NIEMEHTa U apMaTypa HaTSITMBAETCsl, B HATSIHYTOM
COCTOSTHMM 3aKPETUISIeTCst BTOPOii KoHew apMaTypht. Iocsie 31oro Ka-
HAIBI 3aTOJIHSIIOTCS LIEMEHTHBIM pacTBOpoM (puc. 7.64).

Harteran¥e [EMEHTHOIO pacTsopa

Puc. 7.64. Coanarive npeaBapuUTENLHO HarpSXEHHOD XeNe306ETOHHOMO SN1eMer-
Ta G HATAXEHUEM BPMATYDbI Ha GETOH: 1 — KaHaN; 2 — HATDATBEMaS APMATYD3;
3 — pomkpar

AHaJIOrHYHO MOXHO M3rOTaB/IMBATh XeJle306eTOHHBIE pe3cpByapE,
HanopHHIe TPYGbl, HaTArMBasi (HABMBas) apMaTypy Ha 3apaHee H3ro-
TORJIEHHBIE KE/IE306ETOHHEIE /IEMEHTE! (HABHBKA OCYIICCTRIISIETCS
TIpH TIOMOLIH HABUBOMHBIX MallIHH) M BIOCJICICTBHY 3aKPBIBasi €€ CJIO-
em 6eToHa, HAHOCHMBIM TIO1 JaBieHHeM (TOPKpETHpYsi).

Haubosnbliee pacnpoCTpaHEeHHe MPH CO3/IaHNUH TIPEBAPHTENBHO
HaNPSLKEHHBIX XeJ1e306eTOHHBIX KOHCTPYKIHIA Moyt croco6 Ha-
TSDKCHHS! aDMaTypPHI Ha YTIOpBL.

2. Martepnaibl /st NPeJBAPHTEILHO HANPSDKEHHBIX KOHCTPYKIMii

J1nst apMUpOBaHKst NpeBApUTESTBHO HAMPSIKCHHBIX KOHCTPYKIIHIA
HOPMEI PEKOMEHJIYIOT NPEHMYIIECTBEHHO IPUMEHSITH apMarTypy
KJIaCCOB: TpH JUTHHE 371eMeHTOB 1o 12 M BrmounTensHo — At-1V,
AT-V; npu Gonbuteit jnne — B-11, Bp-II v apmMaTypHble KaHaTHI.
HopMsI IONTycKaloT IPHMEHSITD W IPYTHe KIIACCH! apMaTypHl (CM. 1ia-
parpad 2.3.3).




[image: image18.png]JInst nipeaBapHTeNEHO HANPSIKEHHBIX BJIEMEHTOB, BHITIONHSEMBIX H3
TSKEJIOrO, MEKO3EPHUCTOrO M JIETKOTO GETOHOB, KJIacC MPOYHOCTH
6eToHa clieflyeT IPHHUMATB He MEHee YeM yKasaHHBIi B Tabn. 7.7.

Ta6mua 7.7

eTOHb! ANA NPERBAPHTENEHO HANPIXEHHBIX SNEMENTOR
(raGn. 8* CHuN 2.03.01-84")

Buanxnacce KnaccGetona
Hanpsraemoi apmaTypsi He Huxe
1.TpOBONOHHas apMaTyPa KNacco:

B-1l (Npw Hanwwu aHKepos) 820

Bp-l (6e3 aHKepoB) AMAMETPOM,MM:
no5 B20
6uGonee B30
K-7,K-19 B30

2. Crepiesan apmaTypa (663 aHKepoB) ANaMETPOM, MM:
07100 18, knaccos:

ANV B15

AV B20

A-VInAT-VIl B30
20w Gonee, knaccoe:

ANV B20

AV B25

A-VInAT-VIl B30

TpoyHocTh GETOHa B MOMEHT Tiepeiayi Ha HEero HanpsikeHuit ot
TPEIBAPHTENTBHO HANPSDKEHHO# apMaTyphl (NepeliaTouHast POYHOCTH Ge-
ToHa — Ry,), HasHayaloT He MeHee 50% oT NpUHATOTO Kacca 6eToHa.

3. CniocoObl HATSDKEHHs APMATYPbI

JLnst co3nianmsi MpeBapUTENIBHBIX HATIPSDKEHHIA B apMatype npuMe-
HSIIOT CTICMYIONIHE CIIOCOOBI:

® MexanuvecKuii — HaTSDKEHWE apMaTyPBI BHITIONHSICTCS! IPU TOMO-
1T IOMKPATOB WM HATSDKHBIX MallHH;

® 3neKxmpomepMuseckuii — K CTEpXHIO apMaTyphl NOAKITI0YaeTcs
AIEKTPHYECKHIA TOK, U B PE3YJIBTATE KOPOTKOTO 3aMBIKAHHSI IPOMCXO-
1T ero pasorpes (o Temnepatypst 300—350°C); cTepXeHb yIUTHHSI-
€TCsl M B YIUIMHEHHOM COCTOSIHHM 3aKPETUISICTCA Ha Yriopax, NpH oc-
THIBAHHH B AMAType BO3HUKAIOT HAMNPSIKEHHST;

® anexmpomepmomexanuveckuii — KOMGWHALMSI TICPBBIX IBYX CIO-
€060B; OOBLIMHO NOCIIe Pa3orpeBa CTEPXKHS OH IOTATHBACTCS 110 HYX~
HOM JUIMHBT,

® gusuKo-xurmueckuii — ¢ NCTIONb30BaHHEM CAMOHATPATAIOLIMXCSI
6etoHoB. Takne GETOHE! YBENTHUHBAIOTCS B 06heMe NPH TBEPACHUH H
HaTATWBAIOT apMaTypy, T.€. IPOUCXOIMT caMoHarpsokeHne. Yaiue Bcero
TIPHMCHSIIOTCS MEpBBIe JIBa CNOCo6a HATSXKEHHS apMaTyPHI.




[image: image19.png]JInist 3aKperuieHHst apMaTyphl Ha yriopax NPUMEHSTIOT CrieliHa/IbHEIe
aHKepHbie npucrnocobnenusi. Hanbonee npocTsie aHKEPHBIE YCTPOii-
CTBA JUI51 CTEPXKHEBOIi apMaTypHI NI0Ka3aHEl Ha pHc. 7.65.

PyC. 7.65. AHKEDHEIE IDUCTIOCOGNEHYS 3) BHICAXEHHAR FONOBKa;
6) rpUBAPKa KOPOTHILLIEW; B) MPMBAKA KONLLA; T) HAPEIHOW HAKOHEWHMK
C raiiKoii; /1) OGXaTas WaliGs; €) HAPESHOV KOHEL C raiiKoly; 1— apMaTypHLIe
CTepxtiu; 2 — KOPOTHiLLM; 3 — CBAPKHO 10B; 4 — KOMbLIO; 5 — raiiKa;
6 — CTANLHOI LITAMIOBAHHI| HAKOHESHUK C HAPE3KOH, NDUBBDUEAEMBI
K apmaType; 7.— obxatas waiita.

4. HekoTopble 0cO0€HHOCTH APMHPOBAHHA NPEIBAPHTEILHO HAMIPS-
TaeMBbIX 3/IeMEHTOB

Haubosnee onacHoit uist MpoYHOCTH GETOHA SIBSETCS 30Ha Tepe-’
Jlauy HanpsokeHwii Ha 6eTon o 1, (puc. 7.66, a);

1 =(0, 22 +2,)d, 748

e Ko3bGHLMEHTE! @, M A, IPUHHMAIOTCs 110 TaGst. 28 CHulT 2.03.01-84%
Ry, — NepeniaTouHast npouHoCTh GetoHa;
Gy, — BEJTHYMHA NPE/BAPUTEIHBIX HANSDKEHHT B apMaType (CM. HIDKE).
Ha ke 30HbI nepenady HanpsKeHWH PUHAMAIOT JMHelHOE
M3MCHEHHE NPEBAPHTENHOTO HANPSKCHWsT B apMaType OT HyJst Y
KpaeB JIeMeHTa JI0 pabouHX HampsIKeHHUH B CEYCHHH, PaCTIONOXEH-
HOM Ha PacCTOSIHUH I,




[image: image20.png]B 30H€ Nepesiayy HanpsDKEHHIi OT apMaTyphl Ha 6eToH Heobxonm-
MO JIOTIONHHTENBHO YTPOUHSTH GETOH. DTO YNPOYHEHHE NIPOUIBOIAT
TOCTaHOBKOIA JIOTIONHUTENBHO apMaTypHI B BHJIC apMATYPHBIX CETOK
WM CiMpatieii. ApMaTypHBIE CeTKH CTaBATCSA GNvKe K Kpalo sneMeH-
Ta BOKPYT TIpE/IBApHTENBHO HAaNPSDXKEHHOM apMaTyphl, WM TpeBaph-
Te/BHO HaNpsiKeHHasi apMaTypa MpoITyCKaeTCsi Yepes YeThipe psijla ce-
TOK, YCTAHORJIEHHBIX Y TOPLIOB 3JIeMeHTa (puc. 7.66, 6), n1n6o oHa 3a-
KITI0YAETCA B CIIHPAJTb, HTOTORJICHHYIO N3 HEHAMPSTACMOH apMaTyphl.

a)

Opp— HATIPAXCHMS,
TnepenaBaeMbie Ha GeTor

PUC. 7.66. ADMUDOBAHYE 30! TIEPEAENY HATDRXEHWI; 8) ATMHA 30HbI NEPERAY
~HanpRXEswT; 6) AOMONHTENEHOE BDMUDOBAHVE SOk NEPEAEHM HANDRXEHWI:
1— apMATYPHbIE CETKW; 2 — NPEABAPUTENHO HAMDRXEHHAR APMATYPa

0) Hanpaxcenus 6 npedeapumensio HanpaxcenHoli apmamype u no-
Hamue o pacueme

Co3naBaeMble MCKYCCTBEHHO TpeaBapHTENIbHBIE HAMPSKEHHs B
apMatype ¥ 6eToHe MMEIOT CYILIECTBECHHOE 3HaUYeHHE IS TocyenyloteH
PaGOTEI 3NEMEHTOB 1101 Harpy3Koii. [ToaToMy eesuyuna npedeapumes-
HO20 HANPANCEHUA APMAMYPb! AGAACMCA GaNCHeliwell XapaKmepucmu-
Koil HAMPANCEHHbLX 31eMEHMOB U 0bA3amenbHo yKasvieaemcs Ha pabo-
wux wepmexcax. Ipn HeGONBLIOM NpENBAPUTENBHOM HANPSDKEHHH B
apMarype , CnefloBaTeNbHO, MaloM o6XaTtnk GetoHa ahdekT npen-




[image: image21.png]BapHTEILHOTO HANPSKEHUSI € TEYEHNEM BPEMEHN MOXeT GBITh yTpa-
ueH BCJIEICTBHUE N10Teph HANpsiKeHMuit. TTpH BHICOKHMX HAIPSIKEHHSIX B
apmMarype, G/M3KHX K CepBMCHOMY COTPOTHR/IEHHIO apMaTYpBl, B Ipo-
BOJIOYHO} apMaType BO3HHKACT ONaCHOCTh €€ Pa3pbiBa NPH HaTsxe-
HUM, a B TOPAYCKATAHOI apMaType NOSABIISICTCS ONACHOCTh PA3BUTHSI
3HAYMTEITBHBIX OCTATOYHBIX (M1acTHYecKuX) nedhopManimit.
HanpsiXeHueM B NPEBAPUTEIBHO HANPSDKCHHOI apMaType G, n
€rocoGoM €ro Co3laHMs 3a/1aloTCs Nepell HayaioM pacyeta. OpreHTH-
POBOYHO HanpsiXeHue B apMatype npuHnMaior (0,6—0,8)R, ., tne
R, ., — CCPBHCHOE CONPOTHBIICHHE apMaTyPhl, PaBHOE HOPMATHBHOMY
CONpOTHRIIEHHIO apMaTyphl (Tabs. 2.8). [TpuHsATOE HanpskeHHe 1on-
KHO YJIOBJIETBOPSITh TPEGOBaHMs!

Op+P< R
6,~P>03R. (7.49)

3HayeHHe p NP1 MEXaHNYECKOM CMocobe HATSDKEHMST apMaTyphl
npuHUMaeTcst paBHBIM 0,056, a PH 3IGKTPOTEPMUYECKOM M 3JIEKT-
POTEPMOMEXaHHYECKOM CIIocoGax onpeneNsieTcst no opMysie

p=30+360/L, (7.50)

rae p— B MIMa; L — [uMHa HATATHBACMOTrO CTEPXHs (PacCTOSHUsS
MEXI1y Hapy)XXHBIMH IPaHsIMH YTIOPOB), M.

Kak yXe oTMeuasioch, CO3aHHEIE B apMaType HaNpsKeHUsl C Te-
YeHMeM BPEMCHH YMEHBIIAlOTCS — BOHMKAIOT [OTEPH HAIPSKCHMIA.
3HaueHHs NoTephb HanpsDKeHuit MoryT nocturars 200—250 MITa, nx
BEJTMYMHA 3aBUCHT OT CTI0c06a H3TOTORJIEHUS IPENIBAPUTEILHO HATPS=
KEHHO# KOHCTPYKLIMH M IpYTHX ($aKTOpOB.

Tlpy onpesieneHHM HEKOTOPBIX N1OTEPb NPCABAPHTENLHOTO HAIPSDKE~
HUSI B apMaType HEOOXOIMMO 3HaTh HOpMaJTbHBIE HaPSDKEHHsT 06Xa-
Thsi GeroHa. VX onpenensiioT no npusedenHsim xapaxmepucmukam Hop=
MAJTLHOTO CeyeHHst KaK Juist ynpyroro Tesia. [TpubenieHme BBINONHSIOT
nocpenctsoM Koaddpuumenta o= E/E,, tne E,— momynb ynpyroctm
apmarypsi; E, — Momy/b ynpyrocti 6etoHa. B obiem ciyyae npemsa-
PHTESIBHO HaNPsKEHHBIN XKeJe306eTOHHBIH 3NEMEHT B CBOEM ronepet-
HOM CEUEHHMM MOXET COLICPXKATb apMaTypy, PacriolioXeHHylo (puc. 7.67, 6)
B pacTsiHyTo# 30He 6eTOHa (A, A, — COOTBETCTBEHHO IUIOWATD ceye-
Husi HeHaNpsiracMoi M HanpsiraeMoli apMaTyphl), M apMatypy, pacrio-
TIOXEHHYIO B CXaToii 30He 6eToHa (A1, A;, — COOTBETCTBEHHO TUIOWIATD
CCYEHMSI HEHANPATaEMOJi M HarpsiTaeMOoi apMaTyphl).

Tlpusedennvie xapaxmepucmuxu cexenus:

© NIpHBEICHHAs TUIOLIAMb CEYCHHST
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‘@ CTATHYECKHIi MOMEHT NPUBEICHHOTO CEYEHMsI OTHOCHUTENIBHO pa-
CTSHYTOTO BOJIOKHa GeToHa

Spa= S+ 0 AL+ AR - ) + 0 A0+ dyA(h- ), (7.52)

e A— TUiolanb ceyeHus 6eToHa;

S — CTaTHYeCKHit MOMEHT TUIONAM NIPHBELCHHOTO CeeHUst OTHO-
CHTEITBHO KPpaifHEro paCTSHYTOrO BONOKHa GeToHa;

a, d,, a,, n — COOTBETCTBEHHO JUTsi HEHAIpPSIraeMoii apMaTyphl U
uanpmaeMoﬁ apMaTypbl — PaCCTOSIHMS OT LIEHTPOB TSXXCCTH apMaty-
pbi 110 GIKalLMX (BEpXHEl WK HIXHe) TpaHeii anemMeHTa;

® pacCTOsIHHE OT KpalfHero pacTsiHyToro BoJIOKHa 6€TOHa JIO LIEHT-
pa TSDKECTH MPHBENEHHOTO CEYCHHUSt

Yo= Seal Areds (7.53)

‘® MOMEHT MHEPLIMM NPUBENCHHOTO CEYCHMsI

L= 1+ 0A¥ + G A0 + 0 Ayg + dAL0L),  (1.59)

TA€ Y, Vs Vi Vip— PACCTOSHMSL OT LIEHTpA THKECTH NPHBEACHHOTO
CeYeHMSI 110 LIEHTPOB TSDKECTH COOTBETCTBEHHO HEHAIPATAaeMOii 1 Ha-
TNpATaeMOii apMaTyphI.

‘Vewmst B NpeiBapHTEIbHO HAIPSIKEHHOM 3J1eMeHTe

Tocrie oTMyCKa NpE/IBAPHTENEHO HANPSKEHHOM apMATYpi C YTIOPOB
WJIU TIpY €€ HaTSKEHNU Ha GETOH B CEYEHMSAX XKeJle306eTOHHOTO aJie-
MEHTa-BO3HHKaET ycunue npedeapumensriozo obxcamus P (puc. 7.67, a),
KOTOpOE MOXKCT pacCMaTpHBAThCs KaK BHCLIHSS CKMMAIOILAst CHJIa,
TIPWIOXKEHHAS! C SKCLICHTPHCHTETOM €g, OTHOCHTEIBHO OCH, TIPOXOJIst-
1Ll yepe3 LEHTP TAXECTH NPUBEICHHOTO cevenmst. Ee onpenensior
KaK paBHOIEHCTBYIOILYIO YCHJIHIi B apMaType, YYUTHIBast, YTO B HEHar -
PSITaeMOif apMaType TaKXe BO3HUKAIOT HaNpsiKeHHs! (G, ), BBI3BaH-
HBIE YCaKO# M MON3Y4ecTbio GeTOHA M YMCNIEHHO paBHbie NOTePSIM
HanpsDKeHHsl B HANPSIraeMoii apMaType oT 3THX (aKTopoB:

P=0,A,+0,4,~ CA - cA, (7.55)
Te ,,, O, — NPeBapHUTEIbHBIE HANPSIKEHMS B HANPSITAEMO¥i apMaType;

©,, G, — NpeaBapUTE/IbHBIC HANPSIXEHHUS B HEHANPSATaeMoli apMa-
Type, IPUHUMAEMBIEC PABHBIMH: B CTAIMM M3rOTOB/ICHHSI — TOTEPSIM




[image: image23.png]HanpsuKeHUst OT GBICTPO HaTeKalowleii NoN3yYecTH Og M B CTaaun
TPaHCIIOPTUPOBAHMS M IKCTLTYaTallMH — CYMME NIOTephb HaNPSKEHUH
OT yCajIKM ¥ NON3Y4ecTH 6ETOHa G, Og, Oy (IOTEPH CM. HHXKE).

DKcyermpucumem npuioicerus yeunus npedeapumensiozo obxcamus
Gemona eg, ONPENIENSIETCSt OTHOCUTENBHO LIEHTPA TSOKECTH TIPUBELIEH-,
HOTO CeueHHUs:

“up (7.56)

PyC. 7.67. [PEABAPHTENHHO HATDSXEHHI SNEMEHT:
) YoUnIR B MPENBAPUTENLHO HANDAXEHHOM SNEMEHTE;
6) CeveHve NPEABAPHTE/IHO HANPRXEHHONO SNEMEHTA

Hopmansivie Hanpsoicenus ¢ Gemone om ycuaus o6oicamus oy, B 06~
1LIeM CNyyac OnpeeNnsioT KaK JUISl BHEIEHTPEHHO CKATOTO YNpyroro
3IEMEHTa 110 NPUBEACHHOMY CEYEHHUIO:

o o P Pey,
Ay 1,

IJie Yo — PACCTOSIHME OT LICHTPa TSDKECTH NIPHBEICHHOTO CEYEHHS JI0
BOJIOKHA, B KOTOPOM ONPE/ENSIIOTCS HATPSIKEHMUST; 3HAK «-+» NIPHHU-
MalOT JUIsl ONIPE/IE/ICHUS MAKCHMATEHBIX HANPSDKCHHIA M 3HAK «—» —
JU1st ONIpEIENCHUSE MUHMMATBHBIX HATPSKeHUi.

.57y

TloTepu nanpsokennii B apMaType

OnpezenieHue NOTEPb HANPSKEHUIt B apMaType PaCCMOTPHM JUtst
BAPUAHTA HAMANCEHUS GPMAMYPbI HA YNOPbL Vi 02PAHUMUMCA CACOYIOUU=
MU YCA0BUAMLL YTIOPAMH CITyXaT G0pTa CTalbHOI (GOPMBI; NIEMEHT LIS




[image: image24.png]yCKOpEHMUsl TBEpIEHHsI TIOJIBEPraeTCs TEMIOBoi 06paboTKe npH aTMo-
cchepHOM JIABJICHHH; JIEMEHT M3TOTABMBAETCS M3 TSDXENOTo GeToHa
kaccoB B15—B40, npensapuTensHo HanpsiraeMasi apMaTypa — cTep-
KHEBasi, PacrioJiaraeTCsi B 3JleMeHTe NPSMOJIMHEIHO (OTCYTCTBYIOT
orualolLye NpHCIocobIIeHHST).

TIpy HaTsKCHHH apMaTyphl Ha YIOpHl pa3/IMyaloT NepBbIe NMoTepH
HaNpsKEHUI — O, BO3HMKAIOIME IO 06XaTHsi 6eTOHa, M BTOpbiC
NoTEpH — G}, BOHMKAIOLME T0csie 06XaTHsi 6eToHa (cM. Tabn. S
CHuIT2.03.01-84%).

ITepevie nomepu

G4 =0 + G, + 03+ Gy + Os + O, (7.58)

/e 6; — peNlaKCcals HanpsDKeHUIi apMaTypsl (YMEHBIIIEHHe Hanpsi-
XKEHMIA B apMaType € Te4eHHeM BpeMEHH MPH TOCTOSIHHOM ee [UTHHe),
6, =0,030,, (1L151 3MEKTPOTEPMUUECKOTO CTI0COGa HATSKEHHS CTEpXKHE-
BOIi apMaTypHl);

6, — NIOTEPH HANPSKEHHUIA B pe3yJisTaTe TEMIEPaTypPHOTO nepena-
Ia MEXJ1y HaTSHYTO# apMaTypoii ¥ yropamu (TemriepaTypHBIi nepe-
Tai BOSHHUKAET NH TPOIapHBaHKH 6ETOHa JUTS €10 YCKOPEHHOTO TBep-
ZieHus), 6, = 1,25A¢ (wist 6eToHOB Kiiaccos B15—B40); npu otcyTersin
TOYHBIX IaHHBIX TPUHKMaeTcst Af= 65°C;

Gy — NOTepH HaNpsiXeHHH, BOSHUKAIOLME B pe3yJibTate fehopma-
1mit aHKEPOB, PACTIONIOXEHHBIX Y HATSDKHBIX YCTPONCTB; NPH 3JIeKT-
POTEPMHYECKOM CTIOCOBE HATSKEHMUS TIOTepH OT iehopMaLIMii aHKe-
POB B pacteTe He yUHTHBAIOTCS, TAK KaK OHU Y4TCHBI DK Oipefierie-
HUM 3HAYEHHST TTOJTHOTO YIUIMHCHHS apMATyPHI;

G4 = TIOTEpH, BO3HHMKAIOUINE B PE3yNIBTAaTE TPCHHSI apMaTyphi 06
orubalolme NPHCIoCobyeHHst (MPH OTCYTCTBHM TaKKX NpHCTocobie-
HWI 3TU NOTEpHU HEe BO3HUKAIOT);

G — IOTEpH, BO3HMKAIOLLIHE B Pe3yITbTaTe AehOPMALHH CTATBHOM
«bopMBI, Ha KOTOPYIO IIPOM3BOMST HATSIKEHNE APMATYpHI; TIPH BJIEKT-
POTEpPMIYECKOM Criocobe HaTSDKEHHs NToTepH oT sedhopMaryiv bopMel
B pacyeTe He YYHTBIBAIOTCA, TaK KaK OHH YUTCHBI TIPH OMNpE/IeliCHHH
TIONIHOTO YIUTHHEHNST APMATypBi;

O — NOTEPH B pe3y/bTaTe GHICTPO HATEKalowLIeH No3y4ecTH 6eTo-
Ha (BO3HMKAIOT B MOMEHT Nepefiayi HanpsoKeHHit Ha 6eToH):

O¢=400,/R;, TipH 04,/ Ry, < 05
0, =400+85B(> — ) npu 6,/R,,> a,

R,
e o1 B — KoapULKMEHTEI, NpHHKMaeMble: o = 0,25 +0,025R,,, Ho
He Goree 0,8;
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B=5,25-0,185R,, Ho He Goree 2,5 u He MeHee 1,15
Gy, — OMPEJIENACTCS] Ha YPOBHE LEHTPOB TSKECTH NPOIONTBHON Ha-
npsiraeMoit apMaTypbt S1 S’C y4eToM roTephb 6,—0s. B cyuae Teno-
BOIi 06pabOTKH BHIYMCIIEHHBIE TIOTEPH G5 YMHOXAIOTCH Ha KODDHIm-
©eHT, paBHBiii 0,85.

‘Bmopuie nomepu
;2 =0y+Gs, (7.59)

TIIe Oy — MOTepH HAMPSDKEHMIA, BO3HMKAIOLHME OT ycaaku 6eTona. [ins
TsKesioro 6eToHa KitaccoB B35 u Hinke oy = 35 MITa (w1st 6etona B35
M HKXe); 0g =40 MITa (uisi 6etoHa B40) — roTepu NpuBeaeHs! ist
6eTOHa, MOABEPTHYTOTO TETIOBOo# 06paGoTKe NpH aTMOCHEPHOM NaB-
JICHHH;

Oy — TIOTEPH OT NoN3yuecTH GeToHa:

6= 150004,/ Ry, npH 6,,/Ry, < 0,75;

5= 3000(G/ Ry, — 0,375) npu 6,/ Ry, > 0,75,
A€ Gy, — TO XK€, UTO NPH ONPENIECHHH TIOTEP O, HO C YHETOM I10~
Tepb 6;—C¢; B CJTyyae TeIUIoBoii 06paboTku npu atMocdepHOM naBJie-
Hum a=0,85; R,, — nepenaToyHasi NPOYHOCTH GeTOHa.

Dopmynst u bpnee nodpobivie yKa3anus 013 onpedenenus nomeps Ha-
npaxceruii npueedenv: ¢ maba. 5 CHull 2.03.01-84* (ece nomepu npo-
HYMEpO6aHbI 8 COOMEEMCMBLY ¢ UX NOCIed0BAMELHOCMbI0 6 mabiliye).

CymmapHvie nomepu HanpspKeHUit
6,=0y, +0jp. (7.60)

BesunHa CyMMapHBIX NOTEPb HanpsiKeHMii IPHHUMAETCS He Me-
Hee 100 MITa.
KoahduimenT TOIHOCTH HATSOKEHUS APMATYDbE !
3HayeHHe NPeBapHTE/TEHOTO HANPSHXEHHsT B apMaType BBOIUTCS
B pacueT ¢ Ko3(MPHIMECHTOM TOYHOCTH HaTSKEHNSI apMaTyphl, KOTO-
phiii onpenensiercst o Gopmyrie i

Typ=lby, (.61

3HaK «IUTIOC» NPMHMMAETCS IPH HEebIAroNpHsTHOM BIMSHUM Npel-
BapUTEIIHOTO HANPSKEHHS], 3HAK «MHHYC» — TPH G/IaroNpHsITHOM.

3nauenme Ay, TPM MEXaHUYECKOM CNOCOGE HATSKEHHs apMaTy-
PBl IPHHUMAETCS! PaBHBIM 0,1, a NIPH 3/IEKTPOTEPMUUECKOM H 3TTEK-
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81, =0,5L (14— (7.62)
T e

HO NpHHMMaeTcst He Meree 0,1; 3neck p, 6, — T0 Xe, 4To B hopMynax
(7.49, 7.50); n, — YMCIIO CTEPXHeit HANPSIraEMO¥t apMaTypEI B CEYCHNM
aNeMeHTa.

Bosnee monpoGHEIE CBENICHUST O pacyeTe M M3MCHEHUSIX Harpsike-
Huit B NIPEMIBAPUTCITBHO HANPSDKEHHBIX 3/ieMeHTax — cM. 1. 1.23—1.30
CHwIT 2.03.01-84*.

TlonsThe 0 pacyeTe NPOYHOCTH NPEIBAPHTENBHO HANPSUKEHHEIX 3J1e-
MeHTOB

Tpu'pacueme npouHoCMU npedeapumensHo HaNPIHCEHHbIX INEMEHMOE
1O HOPMABHOMY CeHeHLII0 MCTIONB3YIOTCSI T XKE YPaBHEHHSI IPOYHOCTH
1 TaKas e TIOC/IeIOBATENIbHOCTB PacyeTa, YTO H JUTs pacyeTa HeHarl-
PAraeMBIX XeJ1e306eTOHHBIX 3JIEMEHTOB, HO TNIPY 9TOM pacyeTHoe Co-
TIPOTHRJICHHE apMaTYPHl BBOIMTCST B pacyeT ¢ K03 DUIHEHTOM ycrio-
BItst pabOTHI apMaTypHI Yy (Tab1. 24* CHuIT 2.03.01-84%):

Y =n—(n41)(2,£— Dsn, (7.63)

S

11€ KOXDGOULMEHT 1) IPUHMMAETCS! LISl apMaTyphl KIIaCCOB:
. ALV 1,2;

A-V, B-1I, Bp-II, K-

A-VI, Ar-VII .

& — OTHOCHTENBHas BHICOTa CXaToil 30HbI GeToHa (Tabn. 7.5);

&g — rPaHMYHOE 3HAYCHHE OTHOCHTEIBHOM BEICOTBI CXaTOi 30HBI
Getona (1abn. 7.6).

Boree nonpo6ko — cm. 1. 3.13* CHuIT 2.03.01-84*.

Tlpu pacueme npourocmu HakaouHbix cedenuii (cM. niaparpac 7.4.9)
YUHMTHIBAIOT BHSHHE NPEBAPUTENHHOIO HAMPSDKCHMUS Ha IIPOYHOCTD
HaKJIOHHBIX CedeHHIA, JUtsi yero B JopMysEl BBOIMTCS KO3bMULIMEHT
., KOTOPHII onpeniensiercst o dopmyre (7.37)

w,=0,l&,

rne N=P— ycunue npeaBapuTensHOTO o6Xatusi (onpeneiieHHoe ¢
YUeToM NoTeph HanpsikeHHit ¥ KO3hdULIMEHTa TOYHOCTH HATSDKEHHST).




