Набор лекций по 5-й теме Основы расчета строительных конструкций, работающих на изгиб.
Набор рассчитан ориентировочно на 12 часов лекций+12 часов практических работ
3. Расчет железобетонных балок и плит без предварительного напряжения.

Область распространения и простейшие конструкции железобетонных балок.

Особенности работы железобетонных балок под нагрузкой и предпосылки для расчета по 1й и 2й группе предельных состояний.Стадии напряженно деформированного состояния.

Вывод уравнений прочности нормального сечения балки прямоугольного элемента с одиночным армированием. 

Расчет прочности нормального сечения балки прямоугольного сечения с одиночным армированием. Общий порядок расчета. Расчет прочности нормального сечения с двойным армированием.

Расчет прочности нормального сечения балки таврового сечения.

 Примеры расчета железобетонных балок прямоугольного и таврового сечения на подбор количества и диаметра  рабочей продольной арматуры.

Расчет прочности железобетонных балок прямоугольного сечения по наклонному сечению: обеспечение прочности по наклонной трещине. Конструирование каркаса.  Некоторые правила конструирования железобетонных балок.- 4 часа
[image: image1.png]7.4. Pacuet xene3o6eToHHbIX Ganok u naur

XKene3o6eToHHBIe GaJIKH SIBISIOTCS OYeHb PACTIPOCTPAHEHHBIMH H3-
THGaeMBIMH KOHCTPYKLIMSIMH, Y KOTOPBIX BHICOTA, KaK TpaBiJIo, Gonlue
WMPHHEI cedeHNst. JKesie305eTOHHBIE TUTHTBI SIB/ISTIOTCS! YaCTHBIM CITyya-
M GaJIOK, B IUIMTaX IIMPHUHA, KaK M JUIMHA, HAMHOTO GOJTblLie BEICOTHL

MHorue Xesne306eToHHEIE H3rMGaeMble KOHCTPYKLIMM MO CBoe#
CYTH SIBJISIIOTCS KOMOMHALMSAMM GaJIOK M TUIMT (JIeCTHUYHBIE MapILM,
JIECTHWYHBIE TUIONIAIKH, peGPUCTBIE TUTUTHI NEPEKPHITHIA M NOKPHITHA,
MOHOJIUTHBIE peGPHCTBIE MEPEKPHITUS U T.1.).

7.4.1. O6nacTe pacnpocTpaHeHus u npocreme
KOHCTPYKUMM Xene3o6eToHHbix 6anok

XKerne3o6eToHHbIe GaKH MPHMEHSTIOTCS B COCTABE XeJie306eTOHHBIX
KapKacoB 3[1aHHH NPOMBILILIEHHOTO M TPAXIAHCKOTO HA3HAYEHHS KaK
3JIEMEHTHI KMPNUYHBIX 3IaHKH, NPH CTPOMTENLCTBE MOCTOB, 3CTAKaL
M T.IL., MOTYT Ha3bIBATLCA: TIPOTOHAMM, PHTEJISIMH, NiepeMbraKamu. Kak
GanKu paGoTaIoT TUIMTEL, POCTBEPKH M IPYTHe KOHCTPYKLIMH.

XKene3zobeToHHBIE GaNIKN M3rOTARIMBAIOTCS] COOPHEIMM M MOHOJTUT-
HBIMH. KOHCTPyKIIHst Xesie306e TORHBIX GalOK 3aBHCHT OT MX Ha3Ha-
YeHHs1 M IEHCTBYIOIMX HA HUX Harpy30K. B cGOPHEIX Xee306eToH-
HBIX GaJKaX NpeJlyCMaTPHBAIOTCS MOHTAKHBIE TETJIM WM OTBEpCTHS.
uist MOHTaXa. JIjist KperuleHnst 6aJiok ¥ KOHCTPYKLIMIA, KOTOpbIe Ha HUX
OMNUPaIOTCsi, B GaTKaX MOTYT YCTAHABIMBATLCS 3aKIIA/HbIE JETAH.
Kpernuienue 6aliok K ONopaM OCYIIECTRIISETCS Yepes 3aKIHbIe JIeTa-
JIM Ha CBapKe, pexe Ha GonTax. BMecte ¢ TeM MHorue (0GbIYHO He-
Gonbinme Mo pasmepaM) GankH yK/IAILIBAIOTCS HA LIEMEHTHO-TIECYaHBIH
pacTBop 6e3 YCTpolCTBa IONIONTHUTEILHOTO KPETUIeHHS.




[image: image2.png]3aBozamMy XeJie3006eTOHHBIX KOHCTPYKLIMIA BBITTYCKAIOTCSs1 pasHOO0-
Ppa3HBIe THTIOBBIE XeJIe300eTOHHBIE GaJIKH, KOTOphIE IaloT BO3MOX-
HOCTb KOMIIOHOBATh NPOCTHIE COOPHEIE Xesie306eTOHHBIE NepeKPHITHS
(puc. 7.28).

TITHTH NepeKPHITHS MOTYT ONMPATLCS! CBEPXY Ha puTesH (puc. 7.28, 6),
WIH € LIeJIBIO YMEHBLIEHHs] CTPOMUTEJILHOH BHICOTBI NEPEeKPHITHST ONK-
paHue TUIMT TIPOM3BOMIAT Ha TIOJIKU PHTENIst, PACTIONIOXEHHBIE HIXKe
Bepxa puresnst (puc. 7.28, 6); DopMsl ceveHHst 6alOK NPUHUMAIOTCS:
TIPSIMOYTOJIbHAsT, TABPOBAs U Ip., ONpeNie/iieMble KOHCTPYKTHBHBIMH
TpeGoBarmsiMy (7.29).

TIpMHMMAIOTCS pa3NMyHEIe KOHCTPYKIIMH ONMpaHusi 6aJloK Ha Ko-
JIOHHBI, GAJIKM MOTYT ONMPATLCS CBEPXY HA KOHCOJIb KOJIOHHBI, 8 MO-
TYT OIYCKAThCS HIKe, ONMPAsiCh Ha NOAPE3KY, CKPBIBAIOLIYIO KOHCOMb
KoJoHHHI (puc. 7.30). Tpu onMpaHuK Ha KUPNWYHbIE CTEHBI 101 GaKn



 [image: image3.png]CIle[lyeT yK/IabiBaTh XeJ1e306eTOHHYIO MOMIYIIIKY, U TOJIBKO NP ONU-
paHuK HeGONBLIMX 6ATOK X MOXHO YK/IAIBIBATE HETOCPEICTBEHHO HA
KMPITHYHYIO KIIAJIKY.
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PuC. 7.28. Y4aCTOK NNk v pa3pedsi COOPHEIX XeNe30BETOHHBIX NepeKpBITHI:
3) YHACTOK 1naHa Xene30BETOHHOO NEpeKpTA; 6) PA3IE3 NEPEKDLITUS
"PUATEMI, OMMPEIOWMMICH Ha BEPX PHTENei; ) PAIPE3 NEPEKDLITHS C NMTaMY,
ONMPEOIMMICS Ha HIKHIAE NIOTKY PUTEnei

a) ! bl

5 E) % " g ‘
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Puc. 7.29. Cevenus xenesoBeTorbix GANOK: ) IpAMOYTONbHOE;
6) TaspoBoe; ) TaBPOBOE C NONKOI BHUSY; r) ABYTABPOBOES
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Pyc. 7.30. Bun XenesoBeTomHbix GanoK B 3aBUCHMOCTY OT ONMPaHIR Ha HAKENE-
Xape KOHCTpYKMY: 3); 6) HE KDIMMHBIE CTEH W KOHCOMM KONIOHH CBEPXY;

) Ha BepXHUii TOPeL (06Pe3) KTIOHHE! WM BEpX CTemHs;
I) Ha KOHCO> KOMOHHbI — NORPE3KOV, CKPHIBAIOWIEN KOHCOMD




 [image: image5.png]Banky apMMpYIOTCSi CBapHBIMM W BSI3aHBIMM KapKacamM, a JUist
‘apMMPOBaHWsI MOJIOK TABPOBBIX GaJIOK, OTNIOPHBIX YYACTKOB MPUMEHSIOT
apMatypHBle CeTKHM, KOTOpBIe MOTyT 3aruatecsi 1io (hopMe ceueHusi 6an-
ku. ITpu niponetax 6oree 4,5 M GaTKM MOTYT BHITIOJIHSITBCS] TIPEABAPH-
TeJIbHO HaNpsiraeMbIMK (151 MEHBIIMX NPOJIETOB NPHUMeHeHMe NpeiBa-
PMTEJTBHOTO HaMNpsDKeHHsI SKOHOMUYECKH HellenlecoobpasHo). IMpespa-
PUTENbHOE HarnpsiXXeHHe apMaTyphl NO3BOJISIET YMEHBLINTD NPOrMGHI,
TIOBBICHTB TPELMHOCTONKOCTb M YMEHBLIMTh META/II0EMKOCTD GaTku.

MOHONUTHEIE XeNe306eTOHHEIE GATKH MOTYT SIBATHCS YaCThIO
'MOHOJIMTHBIX XeJIe306eTOHHBIX NePeKPHITHI MJTH BHITIOJHSITECS B BUJIE
CaMOCTOSITENIbHOM KOHCTPYKUMH. T1py apMHUpOBaHMM MOHOJIMTHBIX
60K YacTO BHINOJHSIIOT BSI3aHbIe KapKachl. MOHONMTHBIE Xenie306e-
TOHHBIE GAIKM NPUMEHSTIOT NPY HECTAHIAPTHBIX NPOJIETaX WM ceye-
HMSIX, B MHIMBUIYATEHOM CTPOMTENILCTBE, NPU CTPOMTENIBCTBE B Celi-
CMMYECKHX palfOHaX, Ha 3aKapCTOBAHHBIX TEPPUTOPUSIX M T.I1., KOIJa
TpebyeTcsi OGBEMHNTE OTIENBHEIE YACTH 3TAHUS M TeM CaMBIM IIPH-
[LiaTh MM JIOTIONTHUTENBHYIO KeCTKOCTb.

7.4.2. OcoGennocTn paboTu Xene3o06eToHHbIX 6anok
nopa HarpysKkoii U NPeAnoCLIKK ANa pacyeTa

OnNBIT NOKA3BIBAET, YTO XeJie306eToHHbIe 6aku Moj AeicTBreM
PaBHOMEPHO pacripefieIeHHOM Harpy3KM paspylaiorcs (Kak rokasa-
HO Ha puc. 7.31) mo cnenyiowueii cxeme: B cepeivie GATKU BOSHUKAIOT
BepTHKaTBHEIE (MEpNEHANKYNSIPHBIE K OCH GaTKV) TPELMHE, C ylia-
JIeHWEM OT Cepe/IMHBI TPELIIMHBI YMEHDBILAIOTCS ¥ HAKJIOHSIOTCS (Yron
HaKJIOHa MOXET COCTaBJIAITh OKOJIO 40°), BGJIM3M ONOp IMPHHA pac-
KPBITHSI HAKJIOHHBIX TPEILMH CHOBA YBEJIMYHBAETCS.
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Puc. 7.31. Cxema paspywiesws XenesoGeTonHod Gankm
(apmarTypa ycnosto He nokasara)




[image: image7.png]TpelmHE! B Xesne306eTOHHBIX GaTKax Heu3GeXHBI ¥ IOTYCTUMBI B
YCTaHOBJIEHHBIX HOPMaMM NpefieiaX (KOTOPEIEe ONPEMEsISIOTCS YCIIOBH-



 [image: image8.png]MU UX pabotsr). Llelb NoCTaHOBKY apMaTyphl — NMPEAOTBPaTHTb pas-
pylenHe GankH, KOTopoe 0GBIMHO BO3HUKAET B PE3yNIBTaTe Ype3mep-
HOTO PacKPHITHS TPELUMH, TIOABISIONIMXCS B PACTAHYTOM 30He 6eTo-
Ha. B MecTax 06pa3oBaHMs TPEIMH PaCTATHBAIOLIME YCHITHSI BOCTIPH-
HMMaeT apMaTypa, a Ha Y4acTKax MeXy TPeIMHaMU apMatypa i 6eTOH
paboTaior coBMecTHO. XKesne3o06eToHHas 6aka NMo3TOMY NpH NPOYHX
PaBHBIX YCJIOBHSIX MOXET GHITH B 20 pa3 npoyHee GETOHHO#.

a)

i V.

PuC. 7.32. Cxembl apMUpOBaHIR XeNe306eTONHbX GanoK:
a) OTTHGaMM NPORONBHOM APMATYDb! Ha ONOPEX; 6) MONEPESHbIMM CTEDXHIMM
(XOMYTEMY) Ha NPUONIOPHBIX YHACTKEX; 1 -~ HODMANLHOE CeYeHie;
2 — HaK/OHHOE CeveHMe;

PatoHabHO, KOT/Ia apMaTypa pacriofiaraeTest NepreHIMKyspHO
K TPeLLMHE. DTOMY YCJIOBHIO YIOBIETBOPSIET NPOOIbHAsi paboyast ap-
MaTypa, pacTioJIoXeHHasi B paCTSHYTO# 30He GeToHa NepreHanKysp-
HO K OCH HOPMAJIBHOTO (TepTIeHIMKYJISIPHOTO K OCH Gaiku) ceveHust
(puc. 7.32). B HAKJIOHHOM CedeHHH (TIPOBEJIEHHOM TO HAKJIOHHOM
TpelHHE) NeprieHINKY/SIPHO TPellHe MOXHO pacriofiaraTh OTTHOBI
(pwic. 7.32, @), HO UX YCTPOVCTBO TPYIOEMKO U Ha NIPAKTUKE OHMU TpH-
MEHSIIOTCS! PEJIKO, Yallie CTaBSITCS BEPTUKAIBHHE CTEPXHH (puc. 7.32, 6)
KOTOpBie OOBEIMHSIOTCS B CBAPHBIE WM BSI3aHHE KApKach (ronepey-
HBbIE CTEPXXHH B CBAPHBIX MJTM XOMYTHI B BISaHBIX KapKacax). [Tonepey-
'Hble CTEPXHH, TiepeceKast HAKJIOHHbIE TPEIMHEI, 06ecrnedHBaloT Npoy-
'HOCTb HAKJIOHHOTO cedeHMs (HauboJiee ONaCHBIMHM YYaCTKaMH, Ha KO-
TOPBIX MOTYT OGPa30BBIBATECS HAKJIOHHBIE TPEIMHbI, PH PABHOMEPHO
,x;cnpene}leﬂuoii Harpys3Ke sIBJISTIOTCS| Y9aCTKM BOJIM3M ONop, paBHble

/4 LIMHBI GaKu).




[image: image9.png]WTaK, pacuem xcese306emonndix 610K Ha NPOHHOCTb 3aK.A104aem-
A 6 onpedenenuu Heobx00uM020 Koauuecmea paboueii npodoabHoil ap-
Mamypbt (YMCNa CTEPXHEH M IMaMeTpoB) uisi obecriedeH st IPOYHO-
CTU HOPMAJTLHOTO CEYEHWs], @ MaKxce 6 onpedeaeHuu ouamempa u waa
nnocmanoeKu nonepewnsix cmepiceii Jis obecTiedeHUst NPOYHOCTH Ha-
KJIOHHBIX CeYeHHH.

7.4.3. Pacuet xene3o6eToHHbix 6anok NpsMoyronsHoro
CEYEHUN C OANHOYHBIM APMUPOBAHUEM MO NPOYHOCTH
HOPMAanLHOro CeveHus

1. PaGora HOpMATbHOIO cedenns Ganku

OnNBITH N0 MCCIIENOBAHUIO TIOBENICHHS! XeJe30GETOHHEIX GaJoK NoR
Harpy3Ko# NMoKa3bIBaloT, YTO OT Hayaia [eiiCTBUS Harpy3KH U JIO pa3-
pyuieHust 6K 10 HOPMATBHOMY CEYEHHIO MOXHO BBUIETUTH TPH
CTa/IMK HaNpsDKeHHO-1ehOPMHUPOBAHHOTO cOCTOsTHMSA (pHc. 7.33).

Cmadus 1. CooTBeTcTBYET HeGOJBILION HAarpy3Ke, NPH KOTOPOA He
06pa3yloTcst TPELMHBI B PACTAHYTON 30He GetoHa. B 3toit cTamun
MOXHO BBUIENUTH IBa cocTosiHmsi. CocTosiHue 1, a (MomeHT M) —
COOTBETCTBYET HAYANBHOMY 3Tay NPHJIOKEHHs] HArPY3KU: HanpsDKe-
HUsl B 6ETOHE M3MEHSIIOTCA IO JIMHEHOMY 3aKOHYy, T.e. ynpyro. Be-
TOH W apMaTypa B pacTsiHyTo# 3oHe paGoraiot coBmecTHo. CocTosi-
He 1, 6 (MoMeHT My > M) — HeTOCPEICTREHHO Niepet NIOSIBTIEHHEM
TPEILMH: B CXaToli 30He GETOHA HAMNpSDKeHHs! M3MEHSTIOTCS NPaKTHYeC-
KM YNpPYTO, @ B PACTSHYTOM 31110pa paCTATHBAIONIMX HanpsDkeHui B Ge-
TOHE HCKPHBJISIETCS], YTO TOBOPUT O TOM, 4TO B HEM NOSIBJISTIOTCS i~
cTuyeckue fepopmarum. B apmaType BOHHKAIOT HeGObILINE YTIPYTHE
neopMaLK, OHa HeIOHATIPSDKEHA.

Cmadus 2. XapaKtepusyeTcsi osiBlieHHeM B PacTsiHyTO# 30He GeTo-
Ha TPELMH, KOTOpHIE TIOSAB/ISIOTCS! NPH YBETMYEHUH Harpy3Ku (MOMEHT
M; > M,). BeToH B TpellMHe BHIKITIOYaeTCst u3 paboTsi. TaM, rae obpaso-
BAMCh TPELUMHBI, paboTaeT apMaTypa, a MeXIIy TpelHaM1 apMaTypa v
6eTOH nponosDKaloT paboTaTs CoBMECTHO. B cxaroii 30He GeToHa 3a cyer
TIIaCTHYECKUX NiechopMaliii POMCXOUT MCKPHBJIEHUE JITIOPHI Hanpsi-
KeHMit 6eToHa, 3TH HaNpPSDKEHUS ellie He IOCTHIAIOT NpeeTbHBIX 3Ha~
yeHHit. TIpOMHOCTb apMaTypHi M CKATOro 6eTOHa MOTHOCTEIO ellie He MC-
Hepnana, ¥ MOXHO yBETUYMBATE HArpy3Ky Ha 3JIEMEHT.

Cmadus 3. Craius paspyuienus. Paspyuienye anemeHTa MOXeT
TIPOMCXOMIUTB NO JIBYM CITY4asM:

Cayuait 1. Paspyuienye NPOMCXOIUT H3-3a TOTO, YTO He BHLIEPXKH-
BaeT GETOH CXaTol 30HHI, B TO BPeMst KaK HeCyl1asi COCOGHOCTB ap-
MaTyphl el1ie He HCYepraHa (MIMeeTCs HANHILIEK apMATypE, T.€. 3eMeHT
TepeapMHpOBaH).
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[image: image12.png]Cnyuaii 2. HanpsixeHWsi B apMaType JOCTHIAIOT NpefieNia TeKyyec-
TH WK IPOYHOCTH, APMATYPa YIITMHSACTCS! WM PBETCS, TPEUIHHA yBe-
JIMYMBAETCS, YaCTH GAIKH B3AMMHO TOBOPAYMBAIOTCS, U MPOUCXOIMT
paspyieHye. B ocHOBHOM paspymieH e H3rHbaeMbIX JKeJle306eTOHHBIX
3JIEMEHTOB TIPH HAPYILIEHUH TIPOTHOCTH HOPMAJILHOTO CEYEHHs! TIPO-
MCXOJIMT 11O 3TO# CXeMe.

B 3aBHCHMOCTH OT LeJieii pacyeToB (pacyeT Ha 0Gpa3oBaHKe Tpe-
1LMH, Onpe/ieieHHe NPOrHOOB, pacyeT Ha NMPOYHOCTH U T.11.) OHK MO~
YT BeCTHCB 1o 1-i, 2-i i 3-it cramim. Tlpu'pacueme npourocmu:pac-
wem éedemca no 3-ii cmaduu, NpUYeM [efCTBUTeNIbHAsi CXeMa Harpsi-
KeHUH 3aMeHsieTCsi pacYeTHOI CXeMoii, B KOTOpoii (hakTuyeckas
(KpuBOJNIMHelHas) 3Mopa HanpsXeHu#t B cXaroi 30He GeToHa 3aMe-
HEeHa Ha NPSIMOJIMHENHYIO, M HaNpsKCHMUsI B Heil TPMHMMAIOTCS paB-
HBIMM NIPU3MEHHO# NPOYHOCTH GeToHa — R.. B pacTsHyToOl 30He Ge-
TOH B pe3yNbTaTe 06pa3oBaHusi TPELIMH BEIKITIOYAETCst U3 paboThl, TaM
paGoTaeT TOJBKO PaCTSHYTasi APMATYPa, ¥ HAIPSDKEHNS! B Hell paBHE!
PacYETHBIM CONIPOTHRIIEHHSIM apMaTyphl PAaCTSDKEHHIO — R..

2. PacyeTnas cxema G2JIKH C O/THHOYHEIM ADMHPOBAHHEM

Ecyiu B cXaToii 30He GaJIKu apMaTypa He CTaBUTCS WU CTaBUTCS,
HO ee paboTa He yUMTHIBAa€TCS B pacyeTe, TO OHa HasbiBaeTcs Gankoit
€ OIMHOYHBIM apMHPOBaHHeM. PaccMoTpuM HanGoriee NpocToit npu-
Mep — GanKy NPsIMOYTOJILHOIO Ce4YeHHs C ONWHOYHBIM apMHUPOBAHU-
em (puc. 7.34).

Lewp moxect
apmaTypht L ® 4

Puc. 7.34. PACYETHES CXEMB HANDAXEHHORO COCTORMIS NONEPENHOTO CeverIs
6a7K C ORUHONHEIM BPMAPOBEHYEM

Ha puc. 7.34 npuHsTH Cliepyiolme 0603HadeHus:: Mi— BHELUHHMi
u3rubaolMii MOMEHT, onpefeNsieTcsi 3 3Mopsl «M»; b — wmpuHa
ceueHMsi GaiKW; Kak NpaBwio, el 3a1aloTcsi Nepell PacyeToM;




[image: image13.png]7.4.4. BoiBop ypaBHEHUi# NPOYHOCTH HOPManbHOTO
ceueHns u3rm6aeMoro NPAMOYIrONLHOrO ANEeMeHTa
C OAMHOYHBIM apMUPOBaHUEM

JIns BBIBOAA ypaBHEHMIt MPOYHOCTH yHOGHee pacueTHYIO CXeMy
(cM. puc. 7.34) 3aMEHUTb CUCTEMOM CHJI Ha TUIOCKOCTH (puC. 7.35), B
KOTOpOif YCJIOBHO MCKITIOYEeHBbI GETOH, apMaTypa, TeOMeTpHs CEYEHHSI.

Puc. 7.35. ChcTema BHyTDerHIX 1 BHELLIHAX CWn (i) npi w3rnGe
B HOPMANEHOM Ceverim Ganki o puc. 7.34

CocraBim ypaBHEHHe CTATHKH JUIsi CUCTEMBI, NPECTARIEHHON Ha
pHc. 7.35, MOXHO COCTABHTB /1Ba yPaBHEHMUST:

1) IM=0;

2) 2X=0.




[image: image14.png]h — BBICOTa CeyeHMs GalKH, Nepe/l pacyeToM €if NpeIBapHTeNIbHO 3a-
JDIAIOTCS, 3 BIIOCIIEICTBHM YTOUHSIIOT; hy — paGouast BEICOTA CeYeHNsT
Gaiku, hy=h— a, T1e a — paccTosIHWE OT LIEHTPa TSHKECTH apMaTyp-
HBIX CTEpXKHEIA JI0 KpaifHero pacTsiHYTOro BOJIOKHA 6eToHa, a= a,+ d/2,
TIie a, — 3alMTHBIH /0¥ GeToHa, Ha3HAYaeTCs B 3aBUCHMOCTH OT Bbi-
COTHI 3JIeMEHTa U IMAMETpa apMaTtypHl; TaK, JUIsi GaIKK BBICOTOM
> 250 MM a, ipuHUMaeTcs He MeHee 20 MM M He MeHee HaMeTpa
apmartypsl; d — nuameTp paGoyeii apMaTyphl, ONPEJIENISIETCS pacyeToM;
X — BBICOTA CXATOM 30HH 6ETOHa, ONpeJIesIAeTCs pacueToM; Z, — Iule-
40 BHYTpeHHeit napst Cit, N, — paBHOZEHCTBYIONAs CXMMAIOLMX Ha-
npsDKeHMit B CXaToii 30He GeToHa, onpenesisiercst 1o dopmyie Ny= Rybx,
ne R, — pacyeTHoe conpoTvENeH e GeToHa, IpHHIMaeTcst 1o Tabll. 2.6
B 3aBHCHMOCTH OT Kilacca G6eTona; N, — paBHOZIEHCTBYIOILAs PaCTsTH-
BAIOLMX HANPSDKEHMIA B paCTSIHYTOM apMarype, Orpe/eJisieTcsi 1o ¢op-
wmyne N,= RA,, te R, — pacueTHoe CONPOTHBIIEHHE apMATYPHI, Ha3Ha-
YaeTest 1o TabJ. 2.8 B 3aBUCMMOCTH OT KJIacca apMaTyphl; A, — IUIoLab
TIONEPEYHOTO CeYeHHs] APMATYPEI, ONPENIEIIHETCS PACHETOM.




[image: image15.png]‘Tpetne ypaBHeHue Y. Y= 0 TepsieT CMBICH, TaK Kak ycwiusi N, u N,
TIPOEKTHPYIOTCS B TOUKY.

Haiiziem 11151 1IepBOTO ypaBHEHHs! CyMMY MOMEHTOB OTHOCHTEIIBHO
Touku A: M, =0; noncrasus B ypaBHeHue (1) sHaueHust yCumii, ro-
snysaem: M- N,Z,=0; niomus, uro N, = R,bx, a Z,= (b, - 0,5x), nony-

yaem:
(1, @) M= Rybx (hy— 0,5x). (7.19)
TepBoe ypaBHeHue (CyMMY MOMEHTOB) MOXHO TaK)Xe ONpeNeUTh

OTHOCHTEJIBHO TOYKH B, COOTBETCTBYIOLIIEH LIEHTPY TSKECTH CXATOM
30HHI GeToHa: XM, =0; NOACTAaBMB B ypaBHeHHe 3HAYEHUs YCHIIMIA,

nonyyaem: M— N.Z,=0; nomusi, uto N,= RA.. nonydaem:
(1, 6) M= RA(hy- 0,5%); (7.20)
TIPOENIAB TO e CAMOe C YpaBHEHHEM (2), NTONTyunM:
() Ribx=RA,. (7.21)

Terneps B IByX He3aBUCHMBIX YpaBHeHUsiX (ypaBHeHus (1, a)
(1, 6) 3aBHCHMBI) IIECTb HEM3BECTHBIX: Ry, R, b, hy, A, x — v3BecTeH
TOJIbKO M3rMbalonmii MOMEHT M, KOTOPBIi OTpe/ieNiieTCst U3 SMIOPH
‘M,. Taxasi 3a1a4a NpM IBYX ypaBHEHMUSIX W LIECTH HEU3BECTHBIX STRIIS-
€TCs YEeThIpe Pa3a CTATHYECKH HEOTPENIEJIMMON, T.€. He XBaTaeT YeTH~
PeX YPaBHeHMiA, YTOGH! HaliTH BCe HeM3BeCTHEIE. B TaKyX Ciydasix npu-
GeraloT K CIeyIoneMy IpreMy: 3a1al0TCsi HEKOTOPHIMH HEM3BECTHEI-
MM, 2 OCTaJIBHbIE ONPENIENISTIOT M3 ypaBHEHHIA. B TaHHOM CJTyyae MOXHO
3a/aThCsl MaTepPHATAMH: KJIACCOM apMaTypHl M KJlaccoM GeToHa. BTo
3HAYMT, YTO R, ¥ R, ONpe/iesIsiioTCst M 3ajlaya CTAHOBUTCSI IBA pasa CTa-
‘TMYECKH HEOTIPe/e/IMMOii. 3a1aeMCsl OTHMM U3 Pa3MEPOB MOTIePeUHO-
TO CeyeHust, HanpuMep IHPHHOI b, TOTIA OCTAIOTCS TPH HEU3BECT-
HBIX: A, hy 1 x. CTpOMTe/IbHEIE HOPMBI OTPaHHUMBAIOT OTHOCHTEJTb-
HYI0O BBICOTY CXaToii 30HHI GeTOHa, KoTopasi oGo3Hayaercst & U
nipencrarisieT coGoii OTHOLLIEHHe BBICOTHI CXKaTO# 30HB GeTOHa K pa-
Goueit BHICOTE ceueHMst:

E=x/h<En (7.22)

e &p— TPaHMYHOE 3HAYEHHEe OTHOCHTENTbHOM BBICOTHI CKATOM 30HB
Getona. Ycsioewe (7.22) siBisieTcst TPETBMM HEIOCTAIONINM YPaBHEHHEM.

M3 opMysibt € = x/hy MOXHO BHPA3UTB X = &H,; ONCTARISS 3TO BHI-
paxenwe B (7.19), nonyyaem:




[image: image16.png]MUHUMATBHEI IPOLIEHT APMHUPOBAHHST LL,,;, = 0,05%; MakcHMasTh-
Hble NIPOLIEHTH apMUPOBAHUSA GATIOK 3aBUCAT OT POYHOCTH GeToHa,
MX MOXHO BHCYHMTATh MCXOJIsI M3 3HAYEHUI TPaHUYHOM BHICOTH CKa-
To¥ 30HH 6eTOHa & . OGHIYHO MPH ONITHMATLHOM MPOLIEHTE apMUPO-
Banms p = 1—2% yuist Ganok u p = 0,3—0,6% fuist TUIMT.

Ta6nwa 7.6
Npepensibie sHaveHmn KosGduumeHTos £ 1 A,
Knace Knacc npourocTs GeTona

comibbmmenms | B12:5 | B15 | B20 | B25 | B30 | B35 | B40
Adl, | & | 0,662 | 0,652 | 0,627 | 0,604 | 0,562 | 0,564 | 0,542
B 0443 [ 0,440 | 0430 | 042z | 0413 | 0,405 | 0,395
AT | % | 0,685 | 0,680 | 0,650 | 0,632 | 0,610 | 0,502 | 0571
A | 0452 | 0,449 | 0,439 | 0,432 | 0,424 | 0,417 | 0,408
AT | & | 0708 | 0,698 | 0,674 | 0652 | 0,630 | 0,612 | 0501
Ao | 0457 | 0455 | 0,447 | 0,430 | 0432 | 0,425 | 0,416
Alls | & G71 | 068 | 066 | 064 | 062 | 060
Aan 0,458 | 0,440 | 0,442 | 0,435 | 0,428 | 0,420
AV | & 059 | 056 | 054 | 051 | 050 | 048
o 6,416 | 0,403 | 0,394 | 0,380 | 0,375 | 0,365
W | & 054 | 052 | 050 | 048 | 046
2o 0,354 | 0,385 | 0,375 | 0,365 | 0,354
BN, | & 051 | 048 | 046 | 045 | 02
Bl 0,380 | 0,365 | 0,354 | 0,349 | 0,332

Ipumeuantse, JlaHsie TaBTHIIL COOTBETCTBYIOT KOS(HIHCHTY YCTOBMS PaBOTH
6cToHa 1, =0.9.

Tlopsiiok pacyera NPOYHOCTH HOPMAJBHOTO CeYeHHsi H3rnGaemoro
TIPSMOYTOJTHHONO 3JIEMEHTA C OJIMHOHBIM APMHPOBAHHEM

TlpH pacyeTe H3rMGaeMBIX 3IEMEHTOB BO3MOXHHI CJie/lyIOLIIMe THITH
3anay: noubop ceyeHust NPOIONLHOM apMaTyphl (Tun 1) M onpefienie-
HHe Hecylleil criocoGHOCTH (THI 2), NP HeOGXOIMMOCTH NPOBEPKU
TIPOYHOCTH 3/IEMEHTa YYHUTHIBAEM, YTO 9TO (haKTHYECKH SBJISIETCS 3a-
Hadeif 2-ro THma.

Tlopadok nod6opa ceuenusn npodontroii apmamype: (mun 1)

1. OnpezieNisTioT M3rMGAIOILIMIf MOMEHT, JeHCTBYIOIMIA B pacYeTHOM
CeueHNH BlIeMeHTa.




[image: image17.png]2. Tpurmmatot cevenvie 6anku: h ~ (*/ ="/l b= (0,3—0,5)h, (pa3-
MepHI CEYeHHs] MOTYT OBITb 3a/IaHbl).

3. 3azatores KJ1accoM npoYHocTH G6etoHa (B > 7,5) u xiaccom ap-
MaTypBhl, Yallle BCEro B KauyecTBe NPOMIOJIbHOI paboueit apMaTyphl Npy-
HuMaeTcsi apMatypa kiacca A-III (cM. naparpad 2.3.3). YcraHarm-
BalOT KO3(dULIMEHT ycioBHs paGoTH GeToHa v, (HanbGonee yacto
T =0.,9).

4. 3analoTcsi pacCTOSTHHEM OT KpaiiHero pacTsiHYTOrO BOJIOKHa Ge-
TOHa JI0 LeHTPa TSXECTH apMaTyph (a ~ 3—5 cM) U ONpeeNsIioT pa-
Gouylo BeicoTy GeToHa hy=h— a.

5. HaxonsT 3HaueHHe KoabduimeHTa Ay

A R

Ko3bduimeHT 4, He IOMKEH NPEBHIIATh TPAHHYHOTO 3HAYCHUST
Aor (cM. Tabx. 7.6). Ecrn 3HaueHue Ko3bdULMEHTa Ay > Ay, CriEyeT
YBEJIMYUTB ceveHre GaIKH WM UBMEHUTD MaTepHaThl.

6. o BenmumHe KO3 dUIMEHTa A), TIONB3YsiCh TaG). 7.5, onpefie-
JISOT 3HaYeHUsT K03 pHLMeHToB & U M.

7. Onpeziensiiot TpeGyeMylo TUIOLIAIb ApMaTyphl 10 JIoGoH K3 NpH-
BeZIeHHBIX (hopMyIT:

_ Ry, b5k
4 A

_M
nhR,
8. 3analoTcst KOJIMYECTBOM CTEPXXHel M ONpeeNsTIoT IMaMeTPhl ap-
MaTypBbl, BHITMCHIBAIOT (haKTHYECKYIO IUIOLIAB CeYeHHs NOn0GpaHHO
apMmatypsl (TTpunoxenmue 3).

9. OnpenensoT NPOLEHT apMUPOBAHHS 3IEMEHTA )L M CPaBHHBAIOT
€ro ¢ MHHHMAJTBHBIM NPOLEHTOM apMUPOBAHHSL:

A 100 -
=2 100% 24, =0,05%.
iy

10. Onpenenstior TpeGyeMyIo IUIOIIALb MOHTAXHBIX m‘epxmsﬁ Au
TIO TUTOWIAMM MPMHMMAIOT IMAMETPBI MOHTXHBIX CTEpXHEN d,:
A =0,14,
11. OnpefieNisIOT IMaMeTPH NOTIEPEYHBIX CTEPXHEN:
d,.>0,25d,




[image: image18.png]12. HasHayaloT TONIMHY 3aLMTHOTO ciiosi Getowa (a,>d,;
a,>20 MM TP BBICOTE JTEMEHTOB > 250 MM).

13. KoHCTpyMpyIoT cedenue — cM. naparpad 7.4.7.

ITopadok onpedenenus necyweii cnocobrocmu snemenma (mun 2)

TIpu onpenesieHUH HECYILEH COCOGHOCTH 3JIEMEHTa 3BECTHO:
pa3sMephl CeYeHNsl, apMUPOBAHHE M MATEPHAITEL, U3 KOTOPHIX BHION-
HEH 3JIEMEHT; HEU3BECTHO — KaKOii M3THGAIOLLMIA MOMEHT OH CTIOCO-
GeH BBLIEPXKATh (MOMEHT CEeYeHMUS).

Jlns Haxoxcdenus MomeHma ceuenus onpedensiiom:

1. PacyeTHble CONMPOTUBIIEHUS] MATEPHANIOB, UX KOM(DDULIMEHTH
yostoBwmit paGoTsl (Tabur. 2.6; 2.8).

2. Tlo yepTexy ceyeHust 3IeMEHTa HaXOMIAT paGouyIo BEICOTY ceve-
Hust hy, TToLAaB paGoyeit NponosbHOI apmatypl A, (TTpwioxenue 3);

3. Onpeziensiior 3HaveHue Koa(duumenTa &

§=_A:5_‘
Ry,bhy

KoadduumeHT & gomkeH GHITh He GOJbIIE TPAHHYHOTO 3HAaYe-
HUst — &g (Taban. 7.6); ecym KoadpULMEHT & GOTbIIE IPAHWYHOTO 3Ha-
UEHNSL, 3TO 3HAYMT, YTO JEMEHT NePEapMUPOBAH 1 LTSt JATbHEHIIIX
PacyeToB CJIeMlyeT MCIIONb30BATH IPAHNIHEIE 3HAYEHHS KO3hdHIIEH-
ToB (BMecTO KO3(pHLIMeHTa & IPUMEHSITH B IATbHEHIINX pacueTax g
BMECTO A, PUMEHSITb KO3DDULIMEHT Agp).

4. Tlo Tabmutie KoadduimeHToB (Tabut. 7.5) Yepes KoadduimeHT &
ONpezeNsSTIoT 3HaYeHUs KoadduimeHTa 4.

5. OnpenensioT BeJIMYMHY MOMEHTA CeYeHUST:

Moo= AoRe¥ebh — 3anaua pemena.

B ctyuae ecym TpeGyeTcst pOBEpUTE MPOYHOCTD, HEOOXOIMMO CpaB-
HHUTb MOMEHT ceyeHUsI ¢ pakTH4ecKH AEHCTBYIONIMM Ha GaTKYy MOMeH-
TOM M CIIeNIaTh BHIBOJL, BHITIONHSETCS YCIOBHE MPOIHOCTH (MS Meoverns)
WM HeT.

7.4.5. MNoHsTHE O NPOYHOCTH HOPMANLHOIO CeYeHUs
6anoK ¢ ABOIHOI apmaTypoi

Ceuenus 6anok Ha3bl6arOMes ceveHUAMU ¢ OBOUHbIM apMUPOSaHUEM
npu HanuMuu pacyemHoli apmamypet 6 cxcamoii 30ne bemona.

'Heo6xoIMMOCTb MOCTAHOBKY PACYETHOM apMaTyphl B CXaTOl 30He
GeToHa BO3HUKaeT B CITy4ae, ecJIi GETOH CXaTol 30HBI HE BHIIEPXH-
BacT MPUXOMIAIIMXCS HA HETO CKMMAIOINX HANPSKEHMUH, & YBeJ UM~
BaTh Pa3MePHI Ce4eHHs BIEMEHTA WM IPOYHOCTb GeTOHA MO KaKMM-
JIMGO MPUYMHAM HeJb3s.




[image: image19.png]Apmatypa, TIOCTaReHHas B CXaTylo 30HY 6eToHa, paGoTaet Bmec-
Te ¢ 6eTOHOM Ha CXaTHe, BO3HHKaIOLLee NPy 3TOi cxeme paGoOTH ycH-
JMe B CXatoit apMatype onipefensiercsi kak N, = R A, (puc. 7.36). Crie-
JIyeT y4UTBIBaTh, YTO apMatypa B CXAaTOi 30He He Tak 3¢ beKTHBHA,
KaK B PaCTHYTO 30He GeTOHa, NOITOMY CeYEHHSI TIOJTyYaIOTCs MeHee
9KOHOMHYHBIMH 1O CPABHEHUIO € CEYEHUSIMH € OIMHOYHOMN apMaTypoit.

Yenoeus paeroeecus:

1) Rbx +RA;= RA;

2) M~ Rybx(hy— 0,5%) ~ R A\ (hy~ ') = 0.

Yenoeusn npmmacmu'
la) Rbx= RA,— RA; 1.24
2a) M < Ribx(hy - 0, 51)“' ReA(hy- @). (7.25)

Pyc. 7.36. PacveTHas CXema HANPRXEHHONO COCTORHVS IIONEPESIHOTO CENeNvs!
Ganku ¢ ApoiHO# apmaTypOi

TlocraHoBKa apMaTypHI B CXaTyio 30Hy GeToHa TpeGyeTcst B cilyyae,
ecyu x> Eghy Win € > E¢ M pellleHO He M3MEeHSTh NPOYHOCTh GeToHa
M pa3Mephl CedeHUs! JIEMEHTA.

7.4.6. PacyeT NpoYHOCTY HOPMAsILHOTO CeYeHus
n3rmGaeMbiX 3NEMEHTOB TABPOBOIO CEYeHUs C
OAMHOYHLIM apMUPOBaHNEM

Tlpy pacueTe NPOYHOCTH HOPMATBHOTO CeYeHHsT U3MMBAEMBIX /eMEH~
TOB IPMHMMaeM, YTO B PaCTSHYTOH 30He GeTOHa 0Gpa3yeTes TPelmHa 1
GETOH B 3TOM MecCTe BHIKIIIOYAETCS M3 paboThl. YUMTBIBasi 3T0, MOXHO
MaKCHMAJIBHO YMEHBIIIUTh KOJIMYECTBO GeTOHa pacTsHYTOM 30HHI, HE
HapyIast NPOYHOCTb 3IeMEHTa B LieJIOM. DTOMY yCioBHIo 6osiee Beero
OTBeYaeT TaBPOBOE CeyeHKe, B KOTOPOM Pa3BMTa CXarasl 30Ha GeToHa 3a
CYET NMOJIOK M YMeHbIlleHa pacTsHYTast 30Ha 3a cyeT pebpa (puc. 7.37).
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PuC. 7.37. OB03HaNeHwS, IPUHSTHIE DM PACHETE TABPOBLIX 3/IEMEHTO:

wmpua noms; h,— BiCOTa oK b — WwMpUHa pedpa; h — Bsicora Ganky;

'hy— paGONas BbiCOTa Gankw; a — PACCTORHME OT LIEHTDA TRXECTH PACTSHYTON

‘SPMATYDB! RO KDEIHHErD ACTAHYTORD BONOKHA GETOHa; A, — NNOWAAL CEYeHIR
pacTaKHyTOv apMaTYDbI

Kak TaBpoBBIE paCCUNTHIBAIOTCS U3rMGaeMble JIEMEHTH, CeYeHHe
KOTOPBIX JIGO TOJIHOCTHIO COOTBETCTBYET TABPY, JIMGO OHY BHELLIHE He
TIOXOXH Ha TaBp, HO y HUX MMeeTCsl T0JKa, PACTIONOXKEHHas B CXa-
T 30He, @ PaCTAHYTas 30Ha yMEHBIIeHa, YTO eJlaeT MX Golee K0~
HOMVHEIMM 1 JTerKHMH (puc. 7.38).

A=
%Wrﬂ

PuC. 7.38. Snemesime TaBpOBOr0 Cevenws: a) GAnKM TABPOBOTO U ABYTABOBOO
CeeHIS; ) STIEMeHTL, CENEHIE KOTODHIX SBMEHSETCS! Ha TABPOBLIE;
B) KOWCTDYKLMY, 13 KOTODBIX YC/IOBHO BbIDE3BETCS TABPOBI SEMEHT, [T PacyeTa

2,




 [image: image21.png]1. JIpa ciyuast pacyeTa HOPMATBHOTO CEYEHHS TABPOBBIX 3JIEMEHTOB

Paznnyalor [Ba ciyyasi pacyeTa TaBpOBBIX 3JIEeMEHTOB: NepBbIii ciry-
Yaii — KorjJia npaHMLIa CXaToii 30HBI MPOXOAMT B NOJIKE; BTOPOH Ciry-
Yaif — ITpaHKIa CXaTol 30HbI NPOXOAMT B pebpe (puc. 7.39).

a)
4

-

Puc. 7.39. [lea cryas aceTa TaBpOBLIX A/IEMEHTOB:
) 1-i1 Cywaii pacvera: x < by; 6) 2-# cnyaii pacvera: x > by

2. BuiBoA ypaBHeHHii IPOYHOCTH HOPMATHLHOIO CEYEHHS TABPOBOIO
anemenTa

BoiBoI ypaBHEHMit [Tl pacyeTa NPOYHOCTH HOPMAJTBHBIX CedeHHi
TaBPOBBIX JIEMEHTOB aHATOTHYEH BHIBOIY YPaBHEHMH JUIsi MpsMo-
YTOJIBHOTO 3/leMeHTa. YCHIIHS], BOSHHKAIOLVE B TABPOBOM JIEMEHTE, 32-
BUCSIT OT pacyeTHOro cityyast. JUist 1-ro cryyast pacyeta — cM. puc. 7.40,
st 2-To ciyyasi — cM. puc. 7.41.

Cayyaii 1.

PUC. 7.40. Younus & TaBpoBowm snemenTe (1-/ crysail pacsera): hy=h - a;
2,=(hy~ 0,5%; N, =R,bx; N,=RA; N,— PaBHORECTEYIOWER CXAMEIOLIX
HANDSKEHMit B CXATOR 30HE NONKY; N, — PEBHORENCTEYIOUIER PACTAIVBAIOLIX

HANpRXEHM B PACTAHYTO BPMATYDE

CocTtaBuM ypaBHeHHs paBHOBecHst: 1) TM=0;2) $X=0;
® onpeziesisieM CyMMy MOMEHTOB OTHOCHTEJTBHO TOUKH A: T M, =0;

M- N,Z,=0;



 [image: image22.png]M= Rpbx(hy — 0,5%); (7.26)
TOZICTABNISIEM B ypaBHEHHE 3HaYeHHe X = A, TONTyyaeM:
M= Rty Ehq(hy - 0,58he) = Rb igs — 0,58);
obosHavaeM &(1 — 0,5E) = A, Torna
a,a M= Rib hifs; (7.26, @)

M-NZ,=0;

@ CyMMa MOMEHTOB OTHOCHTEJTBHO TOUKH B: TMp=

M~ RA(h—0,5%)=0;
M= RA(h; - 0,5%); 7.27)
TO/ICTABIISIeM B ypaBHEHHE 3HAYCHHe X =&

M= RA(hy ~0,58he); M= RAH(1-0,5%);
o6o3uayaeM (1 - 0,58) =n, Torna

» TIONTy4aeM

(1,6) M= RAhu; (7.27, a)
® IPOEKLIMST BCeX CHT Ha ock X: TX=0;

Rpbx=RA; (7.28)
3aMeHsIeM X, TOTia
@ RbjEh = RA, (1.28, )
Cayuaii 2.

1&1‘

.
New -

(ho-05hp /[

Puc. 7.41. Ycunus B TaBpOBOM anemeHTe (2-ii cryvaii):

- a; Z,=(hy~ 0,5); Ny =R, (bj~b)h;

N, — PABHORGNICTEYIOLIIES CRUMBIOLLIX HETDSXEHMii

R, — pasronelicTaytowan cxumalowX HanpsXeHM

B oxaTbx coecax; N, — PasHOReiiCTBYOLIaR PACTAUBaIOWMX HATDRXEHMI]
B pacTaHyTOi apmarype





[image: image23.png]M3 puc. 7.41 BUITHO, YTO BO BTOPOM CITyyae pacyeTa IIoIIas CKa-
TOM 30HBI 6ETOHA N3MEHMIACH N0 CPABHEHHIO C NIEPBBIM CITyJaeM pac-
yeTa, COOTBETCTBEHHO H3MEHHJIACh PABHOJIEHCTBYIOI1IAs CKMMATOLINX
‘HanpsixeHuil. Mecto npuioxeHust obeii paBHozeHCTBYIOLIei CKU-
MAIOIIMX HANPSKEHHIA OTPEMIENMT CIIOXHO (HAO HAXOHUTD LEHTD
TSKECTH CXaToil 30HbI GeTOHa), Mpoliie pa3tUTb paBHOAEHCTBYIOLLYIO
Ha J{Be YaCTH: PABHOMEHCTBYIONIYIO CXMMAIOIINX HamNpsDKeHHit B CBe-
cax — N,,, OHa NIPHIIOKEHa B LIEHTPE TAXKECTH CBECOB Ha PaCCTOSHUK
(ho— O,Sh}), M PaBHOJIEHCTBYIONITYIO CXMMAIOLIVMX HANpPSDKEHMIt B Npsi-
MOyronsHOM peGpe — N,, OHa NPUJIOXeHa Ha PACCTOSIHMM Z, OT LieH-
Tpa TSKECTH PACTSHYTON apMaTyphbl. 3HaYeHUsI 3THX PaBHOJICHCTBY-
oHX:

Ney= Ryb)- b
N,=Rybx.
CocraBuM ypaBHeHusl pasHosecysi: 1) M =0; 2) IX =0;

® onpeziesisieM CyMMY MOMEHTOB OTHOCHTENIBHO TOYKH A: TM,=0;
M~ N(hy— 0,5H) + N,Z,=0;

M= Ry(bj— b)ki(hy — 0,5H;) + Rybx(h — 0,5x); (7.29)

3Hast, 41O X = Eft,, TIONCTABISIEM B YpaBHeHHE U MIONyuaeM
M= Ry(bj— b)h (ko — 0,5Hy) + 1~ 0,5Eh0) = Ryb7~ bk (o~
- 0,5k + R,bHZE(1 - 0,58); TIOLCTaBIsieM Ay=E(1 - 0,5¢), Torna

[ M= Ry(b)— bk,(hq— 0,5H,) + RybhiAy; (7.29, @)
‘® HAXOZIMM CYMMY MpOeKLHii Bcex cil Ha ock X: X =0;

R(b - bK, + Rbx=RA; (7.30)
3aMeHsIeM X, Tora
@ Ribj — )i+ Rbho=RA, (1.30, 0)

Tlonb3ysich BLIBENCHHEIMU YpaBHEHHSIMH JUTsi TIEPBOTO ¥ BTOPOTO
ClTy4aeB pacyeTa NPOYHOCTH HOPMATBHOTO CEYEHMS TABPOBBIX BJIEMEH-

TOB, MOXHO PELaTh 3a/la41 aHAJIOTUYHO 3a/ia4aM TSt PSIMOYTOJTBHBIX
3JIEMEHTOB.
Tpunewanue. uayerns b, BBOIUMOE B PacHeT, IIPHHHMAETCS 13 PACHETa, HTO M-
DHHa Checa IOTH B XaXAYIo CTOPOHY OT peBpa loiHa GHITs He Golee '/, ponera
anemexTa  He Gonee:
) MpH HATMMH TIOMepeyHbIX peGep Wwin pH K > 0,1h — Y, paccTonmss B ceety
MEX1Y IPOAO/LHBIMH PeGpanm;
6) TpH OTCYTCTBHH TOMIEPEXHEIX Peiep JTH NPH PACCTORHISX MeXIY HIMH GoTb-
IIVIX, YeM PACCTOSHIA MEXTY IPONIOMLHBIMH pebpani, 1 < 0,1h — 6K



 [image: image24.png]B) IIPH KOHCOMBHBIX CBECaX NOJKH:

pu: > 0, 1h — 6

0,05h < K < 0,Lh— 3

1)< 0,057 — CBECK B PACHET He YITHBAIOTCS.

3. Onpesieienne pacyeTHOO CJIyJast TABPOBBIX 3/IEMEHTOB

PacueTHBIii Clyuaii TaBpOBHIX 3JIEMEHTOB ONpeJieNsieTcsl U3 Npeli-
TIOJIOXEHUS, YTO HeHTpaTbHasi OCh MPOXOUT NO HU3Y NOJKH, Ha rpa-
'HHIIe MEXITY TIepBBIM 1 BTOPBIM ClyyaeM. [Ipi 3ToM mojioxXeHue LieH-
Tpa TSDKECTH CXAaTOMH 30HBI HAXOIUTCS HA YPOBHE MOJIOBUHBI BHICOTHI
TOJIKH M PaCCTOSIHHE MEXIY PABHOMIEHCTBYIOLIEH CXMMAIOLIVX Hanpsi-
XeHHit B GETOHE M LIEHTPOM TSKECTH apMaTyphl OTpE/IeNISIeTCs KaK
(ho = 0,5H;), a ee penamka N, = RybyH).

Torza nsruGaroumit MOMEHT, BOCTIPUHUMAEMBIii 3JIeMEHTOM NpH
TOJHOCTBIO CXATOii NMOJIKe (MOMEHT MOJIKH), paBeH:

M= Ry~ 0,5K). @31

CpaBHuBast JeficTBYIOLMIt Ha 9JleMEHT M3rHGaloLMii MOMEHT C
MOMEHTOM, BOCTIPMHHMAEMBIM TOJTKO# M), OTpeieNisieM pacueTHEIi
crrygaii:

® ecyi M< M, iMeeM NepBEIii pacueTHBIi CITy4ail TABPOBBIX 3Jle-
MEHTOR;

e ecnii M> M), uMeeM BTOpOii pacueTHBIIA CITyuaii TABPOBBIX 3Jle-
MEHTOB.

Tlopanok pacyera NPOYHOCTH HOPMATHHOIO CEYEHHS! TABPOBOIO /IEMEHTA

Kak ¥ nipy pacyeTe H3rHGaeMBIX 3JIEMEHTOB MPSIMOYTOTBHOTO Ceve-
HHS, BO3MOXHBI CJIe/lyIOLIMe THITHI 3a/1a4: NonGop apMatypsl (Tvn 1) n
onpezie/ieHye Hecyllieii criocobHOCTH (TH 2) (MpoBepKa NPOYHOCTH).

Iloprdox nodbopa npodoasuoii apmamyps: (mun 1)

1. Co6MpaloT Harpy3KH, JeiCTBYIOLIME Ha DJIEMEHT, ¥ ONpesiesisi-
10T PacYeTHYIO CXeMY 3JIEMEHTa; ONpPeIESTIOT MAKCUMATBHBIN M3rnba-

TOLLMIT MOMEHT.
(/1% b= (0,3-0,5)h (pas-

2. TpuHnMaloT ceyenme GanKu:
‘Mepbl CEYEeHMsT MOTYT GBITh 3a/IaHbl).

3. 3a7A10TCS KITACCOM NMPOYHOCTH BeToHa, KIIACCOM ApMATyphl W
ONpeeIIAIOT pacyeTHble COMPOTHBIEHNs! (Tabn1. 2.6, 2.8). YeTaHanmBa-
10T KoauLmeHT ycrosrst paboTs! GeToHa ¥, (HanbGosee YacTo 1y, = 0,9).

4. 3ap1a10TCs1 pacCTOSTHHEM OT KpaifHero pacTsiHyTOro BOJIOKHa Ge-
TOHa JI0 LIEHTpa TKECTH apMaTyphl (@ ~ 3—5 cM) 1 onpenieNsIioT pa-
©Gouylo BbICOTY GeToHa /g =h —

5. OnpenensIoT pacueTHBI CITyuaii TABPOBBIX 3JleMEHTOB:

M= Riyab (o~ 0,5H));




 [image: image25.png]® eciit M'< M;, MMEIOT NiepBBIii pacyeTHBIi CiTyyait TABPOBBIX BJle-
MEHTOB;

® eciit M> Mj, ©MeIOT BTOpOi pacyeTHBlii Ciiyuaii TABPOBBIX 3J1e~
MEHTOB.

Mopsaox pacuera npu nepeom MopsAoK pacyeTa npu BTOPOM
pacueTHoM cryvae pacuerom cyuae
6[Onpenensior koadbduumerTAy: |6 |Onpenensior koadduumMeHT Ag:
4o M X _ MRy, (& ~b)H (hy-0,5H))
R B RE 7
Ryabh Ryiobhy
7 Mo rabn. 7.6 onpenensior 7 [No va6n. 7.6 onpenensior koad-duument
[KoapDUUMEHT Agm, — RONXHO |Aos — RomxHo BLINOAKSTLCS yCROBUME
[sinontsmecs ycnoswe Ao < Ags: | Ao < Agei 8 Cnyae ecnu ycnoeve e
ls cnynae ecnuycnonueres- | [BunonimeTcs, cnenyer uamenuTs ceverme|
Inonwsercs, cnenyervement, | [winmatepuans
|ceerme nu MaTepuant
8 Mo Tabn. 7.5 onpeaensior 8 Mo rabnuue 7.5 onpenensioT koadduum-
[koadbduumenTn leHTE
9 [Onpenensior TpeGyemyto 9 [OnpenensioT Tpebyemyio nnowans
Innowans apmaryphi: lapmatypes:
4= 4= Ry bk, + Ry, () - b))
T nhR R

10. TIpMHUMAIOT KOJTMYECTBO NPOIONBHBIX PACTSHYTBIX CTEpXHeit
¥ OTIPEZIENISIIOT IMAMETPhl apMaTyphl ¥ (PaKTHYECKYIO TIOLIah ceve-
HUst o106 paHHoii apMaTyph! 4, (TIpwioxenve 3).

11. OnpenesisiioT MPOLIEHT apMUPOBAHKIST BNleMeHTa W = A,100/bh, 1
CPaBHMBAIOT C |y, = 0,05%.

12. OnpenensioT TpeGyeMylio TUIOIIAAb MOHTAXHBIX CTEPXHEi
A; ~ 0,14, ¥ 110 TUTOMATM NPUHUMAIOT IMAMETPB! MOHTAXHBIX CTEXHEIL.

13. OnpezensioT IMaMeTpHI NONePeYHBIX CTepXHeii d,, > 0,25d,;

14. Ha3HavaioT TOJNIMHY 3alMTHOTO cjiosi GeroHa (g, > d;
a,> 20 MM NIpH BBICOTE 3JIEMEHTOB > 250 MM).

15. KoHcTpympyioT ceueHHe — cM. naparpad 7.4.7.

Onpedeaenue necyueii cnocobrocmu magpoeozo 3semenma (mun 2)
TIpu onpeneneHny Hecylle# COCOGHOCTH 3JIeMEHTa M3BECTHO:
Pa3Mephi CeueHHsi, aPMUPOBAHHE M MATEPHalbl, M3 KOTOPBIX BBINOJI-
HEH 3JIeMEHT; HeM3BeCTHO — KaKoi#i H3rGaloLiuii MOMEHT OH Croco-
GeH BhIZIepXaTh (MOMEHT ceveHust). TTopsiiok pacueta NpUHUMaeTCs

ClIeyIoLIuii:



 [image: image26.png]1. OnpeeNsIoT pacyeTHbie CONPOTUBJIEHMS MaTepHaioB (Tabit. 2.6,
2.8), k0a(hdHULMEHT yCoBHit paGoTh GETOHA Yy

2. Tlo yepTexy ceueHHsi 3/1eMeHTa HaXOIAT pabovyIo BHICOTY ceye-
HMs1 by, TUIOLIAE pabGoyeii NPONOJIbHON apMaTyph A,

3. OnpenensiioT 3HaYeHne KoadpduLveHTa &

fo AR
Rynbik

KoaddumenT & nomkeH GBITh He 60/TbILIE TPaHUYHOTO 3HAYEHUS —
&g (Tabu1. 7.6); ecrm KoadduireHT § Golblile rpaHMYHOrO 3HAYEHUS,
9T0 3HAYMT, YTO BIIEMEHT NepeapMUPOBaH (B HeM MATHIIIEK apMaTy-
Pbl, 1 JUIs NAJIBHEHLINX PacyeTOB ClleNyeT HCTIONB30BATh TPAHHYHBIE
3HaYeHHs1 KO3 OULHEHTOB, BMeCTO KoadypHLIMeHTa & NPUMEHATD &z
BMECTO A, NPUMEHATB KO3 OHULHMEHT Ayg).

4. 3Hast KoaXpHIMEHT E. MOXHO ONPENIEITTB BBICOTY CXaTOi 30HbI
GeToHa x = &fl, W, CPABHMBasI BBICOTY TOJIKM 3JIeMEHTa h,  BBICOTO#M
cxaroit 3om>| GeToHa, MOXHO OTpeNIe/INTh PacyeTHBIH CITyyaii TaBpo-
BBIX 3JIEMEHTOB:

enpux< h, — TiepBBlIii CiTyvaii pacdeTa;

® npu x> h, BTOpO#i CiTyyaii pacuera.

5. o Tabnuiie KoadduimeHToB (Tabi. 7.5) yepes KoabduimeHT &
OnpefeNsoT 3HaueH s KoadpuimeHTa A,

6. YunTsiBasi cJtyyaii pacyeTa TaBPOBBIX 3/IEMEHTOB, ONPE/EISIOT
BEJIMYHHY MOMEHTA CEUYEHMS:

Mecnun=AoRtobh — 115 nepBoro pactiesioro cyuast;

Mirren = AR tsbhi + Rl & ~ by~ 0,51) — m1s BT0pOTO pac-
4eTHOTO CITyyast; 3ajlava pellieHa.

B ciyuae npoBepKy NIPOYHOCTH HEOGXOAUMO CPAaBHUTD MOMEHT,
BOCTIPHHMMAEMBIii CeueHHEM, C NIefiCTBYIOIMM Ha GajKy MaKCHMab-
HBIM M3THOAIOIIHM MOMEHTOM.

7.4.7. Hexotopsie NpaBuna KOHCTPYMPOBaHUS
xene3o6eToHHbIX Ganok 6e3 npeaBapuTEnbHOrO

HanpsXeHusi apMaTypLl

Kak yxe oTMeuanoch, xeJie306eTOHHbIe GaJIKU BBINOJHSIOTCS pas-
JIMYHBIX (hOPM CEYEHHS B 3aBHCHMOCTH OT Ha3HaueHMs, Harpy3oK 1
CONpSIXeHHsI C IPYTMMHU KOHCTPYKLMsiMH. HecMOTpst Ha 70, HX KOH-
CTpYMpOBaHHe BeJIeTcs € yueToM psifia obumx TpeGopanmit. Paccmor-
PHM HEKOTOPbIE OCHOBHBIE TIOXOIBI K KOHCTPYHPOBaHHIO GaJloK:

® HanGoJlee YaCTO NPMMEHSTIOT GATKH NPSIMOYTOJIBHOTO H TABPOBOTO
ceyermit. Bricota 6anok / o6eIuHO HasHavaetcst B npenenax ('/i—'/1).



 [image: image27.png]B nensix yHuguKaumm BhICOTa NPUHMMAETCS! KpaTHO# 50 MM NpH BBICO-
e 6asku 110 500 MM 1 KpartHoii 100 MM npu GobLueii BLICOTE;

® IIMPHHa 6aOK NPSIMOYTOJTBHOIO ceyeHHUst b NpHHNMAaeTCs B Tpe-
nenax (0,25—0,5)4 v KpaTHoii 50 MM, OHa 3aBHCHT OT Ha3HayeHus Ga-
KH, CONPSDKEHMsI ee C BBILIEJIeXAIMMH KOHCTPYKLUMAMU. B Gaskax
TaBPOBOTO CeYeHMsI LIMPHHa peGpa MOXeT ObITh MEHBIIE W Onpe/eNsi-
€TCs1 TOJIBKO YCJIOBHSIMU NPOYHOCTH ¥ YIOGCTBA pasMeLieHHs apMa-
TYpbI B CeYEHNH GaNKu;

® B TaBPOBBIX Ga/TKax MecTa repexofia MOJIKU K peGpY HOJKHBI Bbi-
TIONHATECS MJIaBHO, YTO JIOCTUTAETCS YCTPOHCTBOM (hacoK MIH 3aKpyT-
JNeHwit;

® apMaTypa TPUHMMAETCSi B COOTBETCTBMHM C TPeGOBaHMAMM
nn. 2.17*%, 2.22* CHuII 2.03.01-84*, B KOTOpBIX peKOMEHIYeTCsT Npe-
MMYLIECTBEHHO NPUMEHSITH CTEPXHEBYIO apMaTypy KiaccoB AT-IVC,
At-IlIc, A-III, apmaTypHylo NPOBOJIOKY Kiacca Bp-I, nonyckaercs
NIpUMEHSATE U Ipyrylo apmatypy (A-II, A-I), Gonee noxpobHo —
cM. naparpad 2.3.3. YacTo B 0IHOM KapKace NPUMEHSIIOT apMaTypy
PasMYHBIX KJIaCCOB, HAPUMEP TPOJIOJIbHBIE CTEPXHU BBINONHEHBI
u3 apMaTypsl Kiacca A-I11, a nonepeyHbie CTEpXHU — M3 apMaTyphl
Knacca Bp-1;

® BHIBI GeTOHa M €ro Kiacchl MPOYHOCTH Ha cXaTHe st Ganok
'Ha3HAYaloTCs B COOTBETCTBHH C 1. 2.5 CHuIT 2.03.01-84*, must Tsike-
noro GeToHa peKOMEHIYIoTCs Kiacchl He Hinke B7,5. Boneumucteo
GasioK BHITIONHSIETCS U3 TsXeJioro Getona knaccos B15—B25, Bmecte
€ TeM BO3MOXHO BHITIOJIHEHHE GaloK M3 JIErKux 6eTOHOB;

® apMaTypHBle KapKachl 6ok coziepXat paGouyio NMpoIoJBHYIO
apMatypy (Haxofsiylocsi B pacTSHYTO# 30He GeToHa), nonepeyHyio
apMaTypy ¥ NpofoJIBHYI0 MOHTaXHYIo apMatypy. IlpononbHast pabo-
yasi apMaTypa Ha3HaYaeTCsl M3 CTEPXHell OHOTO WK, B KpaifHeM ciy-
yae, JIBYX pa3HBIX IMaMeTPOB, MPUHMMAs MX OT 12 1o 32 MM 1 pacno-
Jiarasi B OZIMH WM B JIBa psifia 110 BhicoTe. IiocKue cBapHbie apMaTyp-
HBIE KapKaChl, M3TOTOBJIeHHE KOTOPBIX Ha 3aBOJIAX aBTOMATH3HPOBAHO,
Tniepej NOCTaHOBKO# B onaty6ky ((hopMy) o6beIMHSTIOTCS B 0GbEMHBIE
KapKachl TIpH NOMOLIM COEIMHUTENTbHBIX CTEpPXHel apMaTyphl, KOTO-
pie ycraHaBnuBaloTcst yepe3 0,5—1,0 M 1 06bIMHO NPHHUMAIOTCS Ta-
KOTO Xe IMaMeTpa M KJIacca, YTo M NonepeyHse CTepXHH;

® pa3Mephl KapKaca NPUHUMAIOTCS MeHbllie pa3MepoB Gasiku, 4To
HeobxomMo /s obecneyeHust Mx cBoGoHol yKamku B opmy. Kap-
Kac JIOJDKeH He [IOXOIMTB JI0 rpaHeii aleMeHTa (popMer) Ha 10 MM nipu
nnuHe usnenusi 10 9 M (puc. 7.42).

® JUIsi IPOIONBbHO# paGoyeli apMaTyphl oykeH GbITh obecrnieyeH
3aIMTHBIN CJioi GeToHa a, TONIMHO He MeHee IMaMeTpa apMaTypsl
¥ He MeHee: nipu h < 250 MM — 15 Mm; nipu A > 250 mm — 20 mm. st



 [image: image28.png]TrionepeYHoi M Ipyroii apMaTyphl 3aLlMTHBIIH CJ0i GeToHa HasHavaeT-
Cs1 He MeHee ee IMaMeTpa 1 He MeHee: nipH 4 < 250 MM — 10 Mm; nipn
h > 250 MM — 15 MM;

CoeIMHHTENHEIE CTEPXHH
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: Puc. 7.42. Pasmepsi kapkaca

0

® Ha3Hayast IaMeTph! NIOTEPeYHBIX CTEPXKHE B CBA YHBIX KapKa-
cax, YUMTBIBAIOT COOTHOLIEHHE IMaMETPOB apMaTypl, 0GYCIIOBJIEHHOE
TpeGOBaHMSIMH BBHINOJIHEHHS CBAPOYHBIX paboT:

d,,>0,25d,,

e d,, — IMaMeTp NonepeyHbIX CTepXHeit;

d, — aMeTp NpOJIONLHOI apMaTyphl.

Tlpy Ha3HaYeHHH XOMYTOB B BAI3aHBIX KapKacax X JIMaMeTphl Ha-
3HAYAIOT AHAIOTHYHO HA3HAYEHHIO IMAMETPOB NMOTIEPEYHBIX CTEPXHEiA,
¥ OHM MPUHMMAIOTCST He MeHee 5 MM TipH BbicoTe 6aiku 1o 800 MM;

a) 6) 8
Xomyr

&) & &

2 b2 a
b<150 MM 5>150 My b

Puc. 7.43. MNoctaHosKka Kapkacos B Gankax:
a) npu wupwre Ganku Merbie 150 mMm; 6) npy wwpmHe Gank Gonbie
150 MM; B) B CIIy4a€ NDUMEHEHUR BRSAHBIX KBPKACOB

® Lar NOCTaHOBKH MonepeyHBIX cTepXHeii B Kapkacax Ganku —
oM. puc. 7.60 (c. 241);



 [image: image29.png]® IUIoIAb MOHTAXHOM apMaTyphl A, NpUHIMaeTcsi He MeHee 10%
OT TUIOIIAM NPOAOJIEHOM apMaTypHl A; A, > 0,14,

TIpu HeoOXOXMMOCTH BIIOC/IEICTBHH NPOBOJMTCS NMPOBEPKa MOH-
TaXHOW apMaTyphl MO MPOYHOCTH Ha MOHTAXHBIE ¥ TPAHCTIOPTHBIE
HarpysKu;

® npy IMpHHe Gaky 10 150 MM ceueHHe MOXHO apMHUPOBATh Ofi-
HMM KapKacoM, pH GoJibileii LIMpyHe KOIMYeCTBO KapKacoB YBeJH-
umBaetcs (puc. 7.43);

® 110JKa GaloK TaBPOBOTO CeYeHH st IONKHA JIOTIONHUTEILHO apMH-
POBATHCH APMATYPHBIMH CETKaMHU (pHC. 7.44).

K

&)

a

b<150 MM h>150 Mm

Puc. 7.44. ApMypoBate GanoK TaBpoBOro CeNenws!

Boree noapoGHble CBEICHNs O MpaBHJaX KOHCTPYHPOBaHUS —
cM. CHuIT2.03.01-84*.




