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IIOCOBUE _
I10 PACYETY OTHECTOMKOCTH
Y1 OTHECOXPAHHOCTH _
J)KEJIE30BETOHHBIX KOHCTPYKITUA
Y3 TAXKEJIOIO BETOHA

(x CTO 36554501-006-2006)

MocksBa 2008

[Tocobue 1O pacyeTy OTHECTOMKOCTH U OTHECOXPaHHOCTHU
Kene300eTOHHBIX KOHCTPYKIUN U3 TsKenoro 0eToHa pa3paboTaHoO K
CTO 36554501-006-2006 «IIpaBuia mo obecrnedyeHHu0 OrHeCTOMKOCTH
1 OTHECOXPAHHOCTH KeJ1e300eTOHHBIX KOHCTPYKIIUMN».

ConmepXKuT yKa3aHus 10 pacuery OTHECTOUKOCTH "
OTHECOXPAaHHOCTH  KeJe300eTOHHBIX KOHCTPYKIHM, IIOJIOKEHUS,
OeTaTu3uPyIoIe 9STH yKa3aHWs, IIPUMephl pacyeTa, a TaKxkKe
peKoMeHOalnu, HeoOXoouMbIe OJII IPOEKTHUPOBAHUS.

719 WHXEeHepPOB-IPOEKTUPOBIIIMKOB, a TaK¥Xke MJis CTYOeHTOB
CTPOUTEJILHBIX BY30B.

[TocoGue pa3paboTaHO [O-pOM TexH. HayK, Ipod. A.®. MUI0BaHOBBIM.

IIpeguciaoBue

B Ilocobum mnpuBepeHbl ykalaHus CTO 36554501-006-2006 mo
pacyeTy OTHECTOMKOCTU BO BpeMs Il0XKapa ¥ OTHECOXPaHHOCTU IIOCIIE
rmoxkapa, IIOJIOKEHUS, OeTAJIU3UPYIoIMe 3TU YyKa3aHWs, IIPUMEPH
pacyeTa 3JIEMEHTOB, a TaKXXe PEKOMEeHAIlUU 10 IPOEeKTUPOBAHUIO.

B Ilocobue He BKIIIOYEH TEIJIOTEXHUYECKUU pacyeT TeMIepaTyphl
B JKeJle300eTOHHBIX OJIEMEHTaX, TaK KaK pacyeT IIPH CJIOXXKHOM
HeCTallMOHapHOM IIpoIecce TeIIo- W MacCOoIlepeHoca IIPOBOOAT C
TIOMOIIbI0 KOMIOBIOTEPHBIX HporpaMm. B ITocobuum mpuBegeHBI TOJIBKO
pe3ybTaThl 3TOTO pacyeTa - pacupepesieHUe TeMIepaTyphl B OeTOHEe
HanboJiee 4acTO IIPUMEHSIEMBIX 3JIEMEHTOB KOHCTPYKIIMU. [ Opyrux
pa3MepoB IauT, OaJOK ¥ KOJIOHH [OIIyCKaeTCs UHTep- U
SKCTPAIOJISIINA TeEMIIEPATyPHI.
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B ITocobuu mpUBOOUTCS OIpefesieHHe mpenesia OTHECTOMKOCTU II0
roTepe HecyIed CIoCOOHOCTH XKene300€ TOHHBIX 9JIEMEHTOB U JalOTCS
IIPUMEPHI II0 YCTAHOBJIEHUIO OOecHedeHuss KOHCTPYKLUU TpeOyeMoro
Tpefesia OrHECTOMKOCTH II0 TTOTEPE HECYIIeH ClIOCOOHOCTH.

EnuHunsl ¢pusndecKux BeJIWYUH MpuBemeHbl B [Tocobum B cucreMme
CH: cuna BeIpaxkeHa B HbIOTOHax (H) unu B KumoHbIOTOHax (KH);
JTUHEWHbIE pa3Mephl B MM (/I CeYeHUHM) UJIh B M (/I 97IEMEHTOB UJIU
WX YYaCTKOB); pacupefesieHHble Harpy3Ku u ycunusa B KH/m unu H/mwm,
HanpsXKeHusI, COIPOTUBIIEHUS, MOE[YJ‘II/I YIIPYTOCTA B MeramackajsaX
(MIla). ITockoneky 1MIla = 1H/MM“, Ipu UCIIOJIL30BAaHUU B IpUMepax
pacdeta ¢GopMys, BKIIOYAIOMIMX BeluuduHbI B MIlla (HampsXKeHUs,
CONIPOTHUBJIEHUS, MO%YJII/I YIOPYrocTH), mOjisd ymoOCTBa pacyeTa OHU
nepesonaTcsa B H/MM“. OcTanbHble BEIUYUHBI IPUBOOSATCS TOIBKO B H
1 MM (MMZ). B Tabnuiiax HOpMAaTHUBHLIE M PACYETHBIE CONPOTHUBIEHUS
U MOAYJIU yHOPYTrOCTHM MaTepuasoB mpuBedeHbl B Mlla u B Kl"C/CM2.
[IpuBegeHb YTOUHEHHBIE 3HAUYEeHUSI KO3(PPUIlMeHTa Yst OIS apMaTypPh
Kj1acca A500 (tabm. 2.8).

ITocoGue pa3paboTaHO O-POM TeXH. HayK, npod. A.®. Musi08aHO8bIM
IpY Yy4daCTUU KaHOUOATOB TexH. HaykK B.B. CosiomoHosga, H.C.
KysHeuosotl,, nuxenepoB O.I1. bapaHosou, HU.M. PymsaHuesa, FO.B.
Cepeaa.

ABTOp BBIpaxKaeT Oombiryio OnaromapHocTh JI.@. KasauHuHOU 3a
IIOMOIIb, OKa3aHHYIO IIPU IIOATOTOBKE PYKOIIMCHU K U3[aHUIO.

OT3BIBEl U 3aMedyaHUs IIPOCUM IpUCHIIATh II0 afgpecy: 109428,
Mocksga, 2-9 UuctutyTckada yi., o. 6., HUM2XKB um. A.A. I'Bo3zesa.

1. OCHOBHBDIE ITIOJIO2KEHHU A

1.1. PacyeT OTHECTOMKOCTH IIPU IO0XKape ¥ OrHECOXPAHHOCTH II0CIie
rozkKapa IIPOU3BOOUTCS IIPU HAJTUYUM CIEOYIONIUX OaHHBIX:

CTEIEeHW OTHECTOMKOCTU 3[aHUS WM COOPYXKEHHS U IIpeaesioB
OTHECTOUKOCTH HECYIIUX KeIe300eTOHHBIX KOHCTPYKIINM;

pacyeTHOM CXeMBl BCEro 3[laHUS MJIM COOPYXKEHUS U OTHEJIbHBIX
3JIEMEHTOB KOHCTPYKIIUU;

HOPMaTUBHOM U paCyeTHOUN Harpy3KOK;
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Ten.: +7 (495) 506-71-51, +7 (195) 506-78-57,



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

YCUIIUHA B OTHEIbHBIX 3JIeMeHTaX KOHCTPYKIIMM OT HOPMATUBHOU U
pacyeTHOM HaArpy30K.

1.2. Cornacuo CHull 21-01-97* 3panus u COOpPyKeHUs, BEIEJIEHHBIE
ITPOTHUBOIIOKAPHBIMI CTE€HaMH U IEPEKPHITUSIMHU, ITOAPA3[esIsiiOTCS 10
CTeleHsIM OTHECTOHKOCTH, KJlaccaM KOHCTPYKTHUBHOU u
(yHKIMOHANBbHOU IOXKapHOM OmacHOCTH. CTeneHb OTrHECTOUKOCTHU
3[MaHUS U COOPYKEHHUS OIpeaesiaeTcs IIpeaejioM OTHEeCTOMKOCTU €To
Kene300eTOHHBIX HECYIIIUX U HEHECYHIIUX KOHCTPYKIIUH.

[Ipemen OTHECTOMKOCTH JKene300eTOHHOH KOHCTPYKILUHU
yCTaHaBJIMBAETCS 10 BpeMeHM (B MUHYTaX) HACTYIIJIEHUS OOHOTO UJIU
OBYX HOPMUPYIOIIUX /151 JaHHOU KOHCTPYKIIUY IPU3HAKOB IIPEeAeIbHBIX
COCTOSIHUH:

ToTepey Hecylleu cnocoOHOCTH R;
IMOTepPeN TEIION30JINPYIOIIEN CIIOCOOHOCTH J;

a TaKxXe IIPOBEPKH II0 IIOTEepe IEeJIOCTHOCTU E - BO3MOXKHOCTH
B3PLIBOOIIACHOTO pa3pyIIeHUs BilaXHOro OeTOHa TIIpU OTHEBOM
BO3EUCTBUH.

Krmacc KOHCTPYKTHMBHOW IIO0KapHOM ONACHOCTU OIIpedesieTcs
CTEIEeHbI0 YyYacTUs Kejne300eTOHHOM KOHCTPYKIUKW B Pa3BUTUH
roxkapa ¥ o0pa3oBaHHEM €ro OINaCHHBIX (h)aKTOPOB.

Knacc (QyHKIHMOHaIbHOM IIOXKApPHOW OMNAaCHOCTHM 3OaHUA U
COOpPYXKEHMSI M UX 4YacCTel omnpegenseTcs Ha3HaueHUEeM U
0COOEHHOCTSIMHU pa3MellaeMbIX TEXHOJIOTUYECKUX IIPOIIECCOB.

1.3. s 3JaHUl U COOpPYXKeHu#M  u3  Kejne300eToHa
yCTaHaBIUBAIOTCS CTEeHU OTHeCTOMKOoCTU: ocobas, I, IT u III. B CHull
21-01-97* ycranoBneHa Bcero opHa, lII crenmenp orzecroukoctu. B
CHull 2.01.02-85* «IIpoTuBOomozxkapHble HOpMbI» III cTeneHsb
OTHEeCTOMKOCTH noapas3gensertcs Ha III, I1la u 1116~

1 B nocranosnenun Munctpos Poccum ot 13 deBpans 1997 r. Ne 18-7
yKa3blBaeTcs, 4yTo Te nojioxeHus CHull 2.01.02-85*, Ha KOTOPHBIX
ocHoBaHHI TpeboBaHUust CHull 1o npoeKTUpPOBaHUIO 30aHUN U
COOPYZKEHUU pPa3/IMYHOIr0 Ha3HaUYEeHUS U UHXKEHEPHBIX CUCTEM,
MIPOOOJIXKAIOT OJelCTBOBaTh OO0 nepecmorpa CHull Ha 3Ty 3maHuu u
COOpPYyXKEeHUH.
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1.4. CTeneHb OTHECTOUKOCTH KHUJILIX MHOTOKBAapTUPHBIX 3OaHUU
yCTaHaBIMBAIOT B 3aBUCUMOCTH OT KJjlacCa KOHCTPYKTHUBHOM MOXKapHOU
OIIaCHOCTH 3[laHHus, HauboJiee JONMyCTUMOM BBICOTHI 3TaHUA U IIJIOUIanN
ITOKAPHOTO0 OTceKa 1o Tabs. 7.1 CHull 31-01-2003.

1.5. CTenneHb OTHECTOUKOCTHU OOIIECTBEHHBIX 3TaHUN U COOPYKEHUMN
yCTaHaBIUBAIOT B 3aBUCHMOCTU OT ITAaXHOCTU U IUIOIIAAU I3TaxKa
MeXK[y IPOTUBOIIOXKAapHEIMU cTeHaMmu o Tabn. 1 CHwull 2.08.02-89*.

1.6. CremeHb OTHECTOMKOCTH 3HaHUM IIPEeOIpUSATUN OBITOBOTO
00CTyKMBaHUSA YCTAaHABIMBAIOT B 3aBUCHMOCTH OT 3TaXKHOCTU U
IUTIOIady 3TaXka MEeXOy IIPOTUBONOXKApPHBIMM CTE€HaMU B 3OaHUM 110
Tabsn. 2 CHull 2.08.02-89*.

1.7. CTenieHb OTHECTOMKOCTHU 3OaHUM Mara3mvHOB yCTaHaBJIMBAKOT B
3aBUCUMOCTH oT 9TAXXHOCTHU u IJIomIiaau 9Taxa MeXKIay
IIPOTUBONOXKAPHBIMU CTeHaMH B 30aHuu 1o tabn. 3 CHull 2.08.02-89*.

1.8. CreneHb OTrHECTOMKOCTH 3JaHUM W aygUTOPUU, aAKTOBBIX U
KOH(pepeHII-3aI0B, 3aJiIoB CcOoOpaHuUM W  3aJIbHBIX IIOMENIeHUH,
CIIOPTUBHBLIX COOPYXKEHUM YyCTaHABJIMBAIOT B 3aBUCUMOCTH OT
9TaXXHOCTU U 4YHCJIa MECT B ayauTopuu unu 3aje no tabn. 4 CHwull
2.08.02-89*.

1.9. CreneHbp OTHECTOMKOCTU 3IOAaHUU MOETCKUX OOMIKOJIBHBIX
yuypexpaeHui o0Ilero TUlla yCTaHABJIMBAIOT B 3aBUCHUMOCTU OT 4YUCIIA
MECT ¥ 3TaXXKHOCTH 110 Tabs. 51m. 1.18 CHull 2.08.02-89%.

1.10. CremeHb OrHECTOMKOCTM IIIKOJI U IIKOJI-UHTEPHaATOB
yCTaHaBIUBAIOT B 3aBUCUMOCTH OT 9TAKHOCTU U MECT ydallluXCs UJIU
MecCT B 3gaHuu 1o tabn. 6 CHull 2.08.02-89*,

1.11. CteneHb OTHECTOUMKOCTH 3[aHUU U COOPYKEHUUN 3PUTEJIbHBIX
3aJI0B  KYJIbTYPHO-3PEJNIUIIHBIX y4YpPEeXOEeHWM  yCTaHaBIUBAlOT B
3aBUCHUMOCTH OT 3TaXHOCTU U HauOOJIbIIeW BMECTHUMOCTHU IO Tabm. 7
CHulII 2.08.02-89*.

1.12. CreneHb OrHECTOMKOCTH QaOMUHUCTPATUBHBLIX U OBITOBBIX
30aHUM, OTOEJIbHO CTOSMINX 3OaHWUM IIPUCTPOEK M BCTABOK: 3aliOB
CTOJIOBBIX, COOpaHul 1 COBEIlaHUM YCTaHaBJIMBAIOT B 3aBUCUMOCTH OT
YucJia MEeCT B 3ajie, 3TaxKelu U IJIOUIaoM 9TaXKeu IMOKapPHBIX OTCEKOB I10
Tabsn. 1-4 CHull 2.09.04-87*.

1.13. CteneHb OTHECTOMKOCTH MHOTOQYHKIIMOHAIBHBIX 3OaHUU U
koMmIiiekcoB (MI'CH 4.04-94) m MHOTO(YHKITMOHAJIbHBIX BBICOTHHIX
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30aHUU U 3OaHUN-KOMIIJIEKCOB B ropoge MocksBe (MI'CH 4.19-2005)
yCTaHaBIMBaETCs ocobas.

1.14. CreneHb OTHECTOMKOCTH IIPOU3BOACTBEHHBLIX 3OaHUU
yCTaHaBIUBAIOT B 3aBUCUMOCTH OT KaTETrOpUU II0 B3PHIBOIIOXKAPHOU
1 MOoxKapHOM omacHocTu corjacHo HIIB 105, KonuyecTBa 3TaXeu u
TIJIOIAaM IT0XKAPHOTO0 oTceKa 1o Tabs. 1-5 CHull 31-03-2001.

1.15. CTemneHb OTHECTOMKOCTU CTOSIHOK JIETKOBEIX aBTOMOOMJIEH
yCTaHaBIUBaeTCsI B 3aBHCHUMOCTH OT BHUOa CTOSHKH, UYHCJla dTaxkKeu,
IIJIOIAON U 3TAXXHOCTHU MOXKapHOT0 oTceKa 1mo Tabn. 3 MI'CH 5.01-94.

1.16. Ilo cTemeHM OTHECTOUKOCTU 3OAHUS U COOPYXKEHUST
yCTaHaBJIUBaIT IIpenesibl OTHECTOUKOCTH Kene300eTOHHBIX
KOHCTPYyKLu# 1o Ttabn. 1.1.

Taoauma 1.1

IIpenmen orHeCTOMKOCTH Kele300eTOHHEIX KOHCTPYKIUY, He MeHee
Hecymue OIeMEeHTH
3JIEMEHTEI fecuepmayHBIX JlecTHUYHEIE KIIET]
I[TnuthH .
Crenensb 30aHUS: MMOKPBITUH
. IEePEKPEITUS
orHecTOMKOCTH| cCTeHH, |HapyxHble
MeXIOy93TaXXHbIe
3maHUs KOJIOHHEHI, | HEHECYIIHhe (8 T4, HacTHIbL,
Oankwu, CTEHBI depMHI, Mapux
yepmayHble ¥ | IJIMTH (B T.4. BHyTpeHHUE
puremnu, OanKwu, IIJIOIIA,
Haj ITogBaIoM) C CTEHEI
depMmHI, ITPOTOHBI JIeCTH
YTEIIUTETIEM)
pamel
R 180! R 180! R 180!
Ocobas E 60 REI 1202 | R180! R 6(
E 60° EI 602 EI 180
I R 120 E30 REI 60 RE 30 R 30 REI 120 R 6(
II R 90 E 15 REI 45 RE 15 R 15 REI 90 R 6(
I11 R 45 E 15 REI 45 RE 15 R 15 REI 60 R 4!
! st spanwmit BeIcoTOM Gotee 100 M Ipenesl OTHEeCTOUKOCTU ycTaHaBnuBaloT R 240
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2 M5 3maHuUit BHICOTOI Gortee 100 M penes OrHeCTOUKOCTH ycTaHasnusawT REI 1
EI 180.

3 [Ipemen oraectoukocTu E 60 ycTaHaBIMBaAIOT TOJIBKO AJIsI HAPY2KHBIX CTEH.

[Ipemen OTrHECTOMKOCTH IIPOTUBOIIOXKAPHBEIX Mperpan (CTEeHBI u
IIePeKprITHEe) OIS 3HaHui  0co0OM  CTEeNeHM  OTHECTOMKOCTHU
yctanaBnuBaloT REI 180; nipu BricoTe 3manHus 6omnee 100 m - REI 240;
ong 3gadui I, II u 111 ctenenent orHecToiikocTtu - REI 150.

1.17. 3a mpepmen OTHECTOMKOCTH KeJjie300eTOHHBIX KOHCTPYKLUH
IIPUHUMAKIT BpeMs B MUHYTaX OT Hadajla OTHEBOIO CTaHOapTHOTO
BO3[EUCTBUS OO BOSHUKHOBEHUS OOHOTO U3 IpEefeIbHBIX COCTOSSHUU 110
OTHECTOUKOCTHU:

- II0 TOoTepe Hecyllel CIoCOOHOCTU R KOHCTPYKLUN U Y3JI0B
(oOpylIeHue WU HEOOIyCTUMBIM HOpPOorud B 3aBUCHUMOCTU OT THIIA
KOHCTPYKLIUH);

- TIO TEMJIOU30IUPYIOIIEN CIIOCOOHOCTH I - TIOBBIIIIEHUE TEMIIEPATYPHI
Ha HeoOorpeBaeMoM ITOBepXHOCTU B cpemHeM mgo 160 °C umu B mr000M
Opyrod TO4YKe 3TOoM TIoBepxHOCTH mnHo 190 °C B cpaBHEHUU C
TeMIlepaTypou KOHCTPYKIMM 00 HarpeBa, uiau no 220 °C He3aBUCUMO
OT TeMIlepaTyphl KOHCTPYKIIUU OO OTHEBOT'O BO3OEUCTBUS;

- IO TIPOBEPKe 1enoCTHOCTH E - oOpa3oBaHue B O€TOHE KOHCTPYKIINU
CKBO3HBLIX TPENIMH MM CKBO3HLIX OTBEPCTHH, Yepe3 KOTOPHIe
ITPOHUKAIOT ITPOAYKTHI TOPEHUS WU TIJTaMs.

1.18. PacueTr mpemena  OTHECTOMKOCTHM  XKeje300eTOHHOU
KOHCTPYKIUU IIO0 IIOTEPEe HecCyllel CI0COOHOCTHM R COCTOUT M3 OBYX
4yacTel: TeNJIOTEXHUYECKON U CTaTUYECKOMU.

TemnoTexHUYeCKUM pacyeToM OIIpPedessiioT BpeMs IIpedesia
OTHECTOMKOCTH, II0 MCTEYEHWH KOTOPOTO apMaTypa HarpeBaeTcs Mo
KPUTHYECKON TeMIepaTyphl WM cedyeHHe OeTOHa KOHCTPYKILUU
COKpalllaeTCsi OO0 IIpPedebHOT0 3HAYEHWs IIPU BO3MEWCTBUU Ha Hee
CTAHOAPTHOTO TEMIIEPATYPHOTO PEXKUMA.

Cratuueckuii pacyeT oOecredyuBaeT 3allUTy Kele300eTOHHOU
KOHCTPYKIIUM OT Pa3pyIIeHHUs, a TakK¥XkKe OT MOTEePU YCTOUYUBOCTH IIPU
COBMECTHOM BO3[IEMCTBMM HOPMATHUBHOM HArpy3Kd M CTAaHOAPTHOTO
TEMIIEPATYPHOTO PeXKUMa.
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[Ipemen OTHECTOMKOCTHM  XKene300eTOHHOM  KOHCTPYKLUM  IIO
TEeIMJIOU30JIUpPYyIoel cnocoOHOCTU I ompenensiioT TENJIOTeXHUYeCKUM
pacyetoM. HalileHHbIe 3HAUYEHUSI TeMIlepaTyphl Ha HeoOorpeBaeMoi
IIOBEPXHOCTU  MHOJIKHHI  OBITH MeHee IIPEeNenbHO  OONyCTUMOM
TeMIepaTyphl Harpesa (cm. m. 1.17).

[TpoBepKa 110 11eJT0CTHOCTHU E - 1o 06pa30BaHNI0 CKBO3HBIX OTBEPCTUM
UMW CKBO3HBIX TPEIIMH - IIPOU3BOOAUTCS B Kelne300eTOHHBIX
KOHCTPYKLUSAX M3 TSAXKeJoro 0eToHa C BJIaXHOCTbio Oomee 3,5 %, a
TakKyKe IIpu HarpeBe OeTOHa B paCYeTHOM CEYEHUU BHIIIE Ero
KPUTHUYECKOU TeMIIepaTyPHI.

1.19. 3a HOpMATHUBHYK KPaTKOBPEMEHHO OENCTBYIOIIYI0O Harpys3Ky
IIpUHUMAaIOT Haubosiee HeOIaronpusiTHOE COYeTaHUMEe HOPMAaTUBHEIX,
IIOCTOSAHHBIX, BPEMEHHBIX [JIUTEJIbHBIX CTATUYECKUX HArpy3oK I10
CHull 2.01.07-85%, cCylLIecCTBEHHO BIMAIOIIUX Ha HaOpAXeHHOEe
COCTOsIHUE XKeJle300eTOHHOM KOHCTPYKIIMU IIPU IToXkKape. B Tex cinydasax
KOTHa Helb3sl YCTAHOBUTH VYCUIUSA OT HOPMATHUBHOU HArpy3KHy,
pa3pewmamT IOIpuHUMaTh uX paBHBIMU 0,7 pacyeTHBIX YCUJIUU.
PacueTHas cxeMa IIpUJIOXKEHUS HOPMATUBHOU HArpy3KH [OOJIKHA
COOTBETCTBOBATH IIPOEKTY.

1.20. Hecymass cnocoOHOCTh 2KeJie300€TOHHBIX KOHCTPYKLHUN IIPHU
OTHEBOM BO3OEMCTBUU 3aBUCUT OT HU3MEHEHUS CBOMCTB OeTOHa u
apMaTypel C POCTOM TeMIepaTypbl. Bo MHOTUX Cly4dasX BBIYHCIISIOT
ycunue, KOTOpPOe MOXKEeT BOCIPHUHATH CedYeHHe JJIeMeHTa IIpU
TpeObyeMoM mpedesie OTHEeCTOMKOCTH. Ecnmu 3TO ycunue paBHO UM
OosbIlle HOPMATUBHOTO, TO TpeOyeMbI IIpedesl OrHEeCTOMKOCTH
obecrieyeH.

PenieHnne craTmyecKoM 3aJayM IO OIleHKE OTHEeCTOMKOCTH HHOrga
CBOOUTCS K OIIpelesyieHUuI0 3HadYeHUs KPUTUYECKOU TeMIlepaTyphl
HarpeBa pacTAHYTOM apMaTyphbl, IIOCKOJIbKY OHa HE€ 3aBUCUT OT
pPe3yIbTaTOB TEIJIOTEXHUYECKOU 3aayvMu.

Pemrenve TemjnoTeXHUYECKOW 3aJayud BBIIIOJIHUMO JIUIIb [OJIA
KOHKPETHBIX IIPOMEXYTKOB BpeMEHHU C Haydajla Harpesa. [loaTomy
HaX0XKOeHKe YCJIOBUM NIPEaesIbHOT0 COCTOSSHME CTPOUTCS Ha IIPUHIUIIE
IOCJIefOBaTeIbHEIX  INPUONMMIXKEHUW  [OJid  3apaHee  M3BECTHHIX
IIPOMEXYTKOB BpeMeHU. B  wurore 1npegen  OrHECTOUKOCTH
onpepnenserca nubo rpadudecku, nuOO0 aHATIUTUYECKU B pe3yabTaTe
pelLIeHnt YpaBHEHUY IPeeIbHOTO0 COCTOSIHUS.

BrluncneHHbIe Ipenesl OTHECTOUKOCTH XKeJie300eTOHHBIX
KOHCTPYKIIUYM OOJI?KHBI OLITH HE MeHee IIPUHSTHIX 3HaueHul (Tabdn. 1.1).

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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1.21. IIpu pacyeTe OrHECTOUKOCTHU IleslecooO0pa3HO pacCcMaTpPUBATH
IIpUBeJeHHbIe cedyeHUs. [Ipu 5TOM pacyeTHas IJIoHladb IIPUBEOEHHOTO
ceyeHusi OeTOHa MOXKET OTpPaHUYMBATHCA H30TEPMOU KPUTHUUYECKUX
TeMIepaTyp HarpeBa OeToHa tp,cr. Kputnueckass teMmmepartypa AOjs
Ts2Kenoro 0eToHa Ha CUJIMKATHOM 3allojIHuTesie (TPaHUThI, CUEHUTHI,
ouoputkl) - 500 °C, Ha KapOOHATHOM 3aIloiHUTeNe (M3BecTHSAKHN) - 600
°C.

1.22, Kputuueckas TeMieparypa Harpesa apMaTypsl
XapakKTepu3yeT CTamuio oOpa3oBaHMUSA IIJIaCTUYECKOrO IlIapHUpa B
pacTSIHYyTOM 30HE KeJle300€eTOHHBIX KOHCTPYKIUM M HaCTyIJIeHue
rpenesia OTHECTOMKOCTHU IIPU OTHEBOM BO3IEWCTBUU.

Kputuueckas TeMiiepaTypa Harpesa apMaTyphl ts,cr, IPU KOTOPOWY,
BO3MOXKHO, o0Opa3yeTcs IJIaCTUYECKUM IIapHUP U HACTyNaeT IIpenesn
OTHECTOMKOCTHU, OPUEHTUPOBOYHO PaBHa [Jis apMaTyphl KjtaccoB: A240,
A300-510 °C; A400-550 °C; A500, Ab540-520 °C; B500-430 °C;
A600-510 °C; A800-500 °C; A1000-450 °C; Bp1200-Bp1500, K1400,
K1500-410 °C.

1.23. TIIpum OpPOEKTUPOBAaHUM MHOTOPYHKIIMOHAJILHBIX BBICOTHBIX
30aHul, KOMIIJIEKCOB UM COOPYXKEHUH, OTHOCAWUXCI K 1-my
OTBETCTBEHHOMY YPOBHIO HaJleKHOCTH, OTKa3kl KOTOPHIX II0CJIE IToXKapa
MOT'yT [PUBECTU K TAXKEJIBIM 3KOHOMUYECKUM U 3KOJIOTMUYECKUM
IIOCJIEICTBUSIM, a TakKXKe TeX KOHCTPYKIUU, BOCCTaHOBJIEHUE KOTOPBIX
nmotpedyeT OOJBIMNUX TEXHUYECKUX CJIIOXKHOCTEHM M 3aTpaT, HeoO0X0OuMo
00eCrieYynTh UX OTHECOXPAHHOCTh MOCJIE TToXkKapa.

3a OrHEeCOXpPaHHOCTb Kene300eTOHHOM KOHCTPYKIMU IIPUHUMAIOT
TaKOe ee COCTOsSHHWe, IIPU KOTOPOM OCTaTO4YHAsi MNPOYHOCTb WU
HeoOpaTuMble medopmanuu obecredyuBalOT HafdeXKHYI0 paboTy Iocie
CTAHOAPTHOTO IIO0XKapa. PacyeT OTrHECOXPaHHOCTH Kene300eTOHHOM
KOHCTPYKIIUM TIOCJIe TOoXKapa BEOEeTCS IIPU PACUEeTHBIX Harpy3Kax Hu
pacyeTHBIX CONPOTUBIIEHUSX OETOHA W apMaTyphl IIOCJIE OTHEBOTO
BO3IEUCTBUS.

2. MATEPHUAIJIBI 114 >KEJIE30BETOHHBIX KOHCTPYKIIUA

HopMaTHuBHBIE U paCcUeTHbIE XapaKTEePUCTUKH OeTOHa

2.1. OcHOBHBIE IIPOYHOCTHBIE XapaKTEPUCTUKU OeToHa -
HOPMATHUBHOE COIIPOTUBIEHHE OeToOHAa OCEBOMY CxXKaTuio Rpn u
HOPMAaTHUBHOE CONPOTUBIIEHUSI OETOHA OCEBOMY PaCTSIKEHUI0 Rpin.

) PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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PacueTHble 3HauyeHUs COIIPDOTHUBJIEHU A OeToHa OCEeBOMY CXKATHUIO U
O0CEeBOMY PacCTAXKEeHHNIO0 oripeneirdroT OJeJIeHrueM HOPMAQTHUBHOTO
COITPOTUBJIEHHUA Ha KOS(b(bI/II_[I/IeHT HaOe>XKHOCTH.

3HaueHus KoapduimeHTa HaJeXXKHOCTHU 10 OeTOHY npu cxkaTtuu 1,3 -
OJIsT TpeeTbHBIX COCTOSTHUM I10 HeCyIel CliocoOHOCTH (IlepBas
rpynna) u 1,0 - ojia npegebHBIX COCTOSHUM 10 3KCIIyaTalluOHHON

IIPUTOIHOCTY (BTOpas rpyIima).

3HaveHus Ko3hGUulMeHTa Hale’KHOCTH 10 OETOHY TP PACTIXKEHUU
1,5 - pnms mpedenbHBIX COCTOSTHMM IO HecyIled CIIOCOOHOCTH IIpu
Ha3Ha4YeHUM Kjiacca OeTOHa IO MPOYHOCTU Ha cxkatue u 1,0 - mns
IIPeOenbHBIX COCTOSTHUM 10 3KCIJIyaTallMOHHOM TPUTOOHOCTH.

HopMmaTuBHBIE ¥ pacyeTHHIe 3HAYEHUs COIPOTHUBIEHHNH OeTOHa
MIPUHUMAIOT 1o Tab. 2.1.

Taonuma 2.1

HopMaTrBHEIE 3HAYEHHUs CONMPOTUBIIeHNs OeToHa Rpn U
Rptn ¥ pacyeTHBIE 3HAUYEHU S COIIPOTUBJIEHUS
6etoHa Rp U Rpt O IpeaeibHBIX COCTOTHUN

IIePBOU I'PYINIILI U paCUYeTHHIE 3HAUEHU
conipoTuBsieHus 6eToHa Rp, ser ¥ Rbt,ser O

MIpenelbHBIX COCTOSHUM BTOPOU rpymmsl, Mlla

(KFC/CM2), IIpu KJjlacce OeTOHa MO IMIPOYHOCTHU Ha

cxaTue

Bupg COIIPOTUBJIEHUA

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

CxaTtue Rbpn, 15,0 | 18,5 | 22,0 | 25,5 | 29,0 | 32,0 | 36,0 | 39,5 | 43,0
oceBoe Rp ser

(153) [(188) [ (224) | (260) | (296) | (326) | (367) | (403) | (438)

Rp 11,5 | 14,5 | 17,0 | 19,5 | 22,0 | 25,0 | 27,5 | 30,0 | 33,0

(117) [ (148) [ (173)](199) | (224) | (255) | (280) | (306) | (336)
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Pactaxenue| Rbptn, 1,35(1,55|11,75 |1 1,95 | 2,1 2,25 12,45 | 2,6 | 2,75
oceBoe | Rpt,ser

(13,8)|(15,8)|(17,8)((19,9)((21,4)((22,9){(25,0)|(26,9)|(28,0)

Rpt 09 |1,05( 105 | 1,3 1,4 1,5 1,6 1,7 1,8

(9,2) 1(10,7)| (IT,7) |(13,3)((14,3)((15,3)((16,3){(17,3)|(18,3)

B HeoOxXOoOuMBIX ClydasiX pacuyeTHOe CONpoTuBIeHHe OeToHa Rp
YMHOXKAIOT Ha cieayioime Ko3(ppuuueHTs ycnoBuUs paboTe: yhl =
0,9 mpu HOPOJOIKUTENbHOM HOEWCTBUM HArpy3ku; yb2 = 0,9 gnsa
KOHCTPYKILIMM, OETOHUPYEMBIX B BEPTHUKAJILHOM IT0JIOKEHUU.

2.2. BriusgHue TeMmmnepaTyphl Ha M3MeHeHUe MPOYHOCTU OeTOHa IpHU
CXKAQTUM YYUTHIBAIOT YMHOXKEHHEM IIPOYHOCTHBIX XapaKTEPUCTUK
O6eToHa Ha KO3GhGUITMEHT yCI0BUS paboTH O6eTOHA NMPU CXKATUU Ybt.

HopMaTuBHBIE COITPOTUBJIEHUS CXKATUIO

Rpnt =
Rbn ybt.
(2.1)
PacyeTHbIE CONIPOTUBIIEHUS CIXKATHUIO:
OJIS1 TIPEedeIbHBIX COCTOSTHUM II€PBOU I'PYIIIIHL
Rbp,tem =
Rp-ybt;
(2.2)
IOJIS1 TIPEHEeIbHBIX COCTOSTHUN BTOPOU I'PYIIIIEL
Rp,sert =
Rbp,ser ybt.
(2.3)

3HaveHusT KO3PPUIMeHTa yCIoBUi paboThl 6eTOHA IIPU CXKATUU Vbt
IIPUHUMAIOT 110 Tabm. 2.2.

3HaueHune Ko3adpduilmeHTa YCJIOBUS PaOOTHI ypt MPUHUMAIOT IIO
cpenHel TeMIiiepaType OeToHa:

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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3HaueHUe Ko3dduIimeHTa ycioBus paboTel 6eTOHa Ha cxXkKaTue bt
pa3pelraeTcs IIpUHMMaTh paBHoe 1 mnpu HarpeBe OeTOHa MOO
KPUTHUYECKOU TeMmmnepatyphl (o. 1.21) u ybt = 0 npu HarpeBe 6eTOHa
BBIIIIE KPUTUYECKOM TeMIlIepaTypPHI.

Tabnuua 2.2

3HaueHus: KOaGGUIUeHToB Ybt, Ytt, Bb U
@b,cr 011 OeTOHa nIpu TeMmuepartype, °C

Bupg 6eTona KoadpuineH T
20 (200|300 (400|500 | 600|700 800-900
Vbt 1,0 10,98(0,95|0,85/0,80{0,60|0,20| 0,10
1,0 {0,95(0,90(0,80|0,70(0,50| - -
vt 1,0 {0,65(0,50(0,35(0,20]0,05| - -

Tsaxxennl Ha

CHITHKATHOM 1,0 [0,60(0,45(0,30(0,15(0,03]| - ;
3allIOJIHUTeJ1e
Bb 1,0 |0,70/0,50(0,40|0,30(0,20|0,10| 0,05
ob,cr 153015790 ]|13,0[19,0]| - -
Vbt 1,0 | 1.0 |0.95|0.90|0.85|0.65|0.30| 0.15

TH}KGJ'.[BII‘/JI Ha ytt LQ _,_O 70 Qai Q.ﬂ M Q.ﬂ ol -
KapOoHaTHOM 1,0 |0,65[0,50(0,35]0,20(0,05]| - ]
3allOJIHUTeJIe
Bb 1,0 |0,75]0,55(0,45(0,35/0,25(0,15| 0,10
b, cr 12024 |a6|72]100][150] - )

IIpuMedyaHHus:

11
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1. 3uauenus kosbduneHToB Yht U Ytt HAX T{epTOI7I u Bb JaHBI B HarpeToM
COCTOsAHUHA 6eTOHa, nu OHU HUCIIOJIb3YIOTCHA IIpu pacyueTe
OTHECTOUKOCTH.

2. 3Hauenusa xKoadpdunuentos Ybt U Ytt IION qepTOfI " @b,cr OAHEL IIOCJIE
Harpesa oeToHa B OXJTaZKOEHHOM COCTOSSHHWU, 1 OHHU UCIIOJIb3YIOTCHA IIPU
pacyeTe OTHeOXPaHHOCTH.

2.3. HopmatuBHEle Rpin ¥ pacueTHble Rpt U Rpt,ser COIIPOTUBIIEHUS
0eTOHa PACTSXKEHUIO IIPU OTHEBOM BO3MENCTBUM TaKiKe M3MEHSIOTCS.
Mi3aMeHeHHEe COIPOTUBJIEHUS OeTOHa PaCTSIXKEeHUI0 C YyBeIUdYeHUEeM
TeMIlepaTyphl HarpeBa YYUTHIBAIOT KO3(OUIIMEHTOM YCJIOBUS PabOTH
OeToHa Ha pacTsIXKeHue tt:

Rbtnt = Rbtn vtt; Rbtt = Rbt ytt; Rbt,ser,t = Rbt,ser
Ytt. (2.4)

3HayeHUs KoadpduiiueHTa ytt IPUHUMAIOT 110 Tab. 2.2.

[Ipu pacyere mo ¢opmynam (5.63, 5.66, 5.67, 5.82, 5.84, 5.86)
3HaYeHus KodhUIIMEeHTa ytt MPUHUMAIOT II0 CpPegHell TeMIlepaType
0eTOHa CeYeHus ; IIPU pacueTe YCUJIUS B 30HEe aHKEPOBKH 110 (hOpMyIaM
(5.15, 5.71) - mo TeMmepaType aHKEePYIOIIEero CTEPKHS apMaTypPHL.

2.4. B pacueTtax OrHECTOUKOCTU HCIIOJIb3YVIOT HA4YaJIbHBIU MOMYJIb
ynpyrocTtu 6etoHa Ep.

3HaYyeHUs Ha4yaJIbHOTO MOAYJIS yIpyroctu 6eToHa Eh eCTECTBEHHOTO
TBEPAEHUS OJI Pa3HBIX KJIacCOB OeTOHAa II0 IMTPOYHOCTU Ha CXKaTHUE U
pacTsxkeHue IpUBeaeHb B Tabn. 2.3.

Taonuoa 2.3
3HaYeHUs Ha4YaJIbHOT'O MOAYJIS YIPYTOCTH OeTOHA MPU CIKATUU U PACTIXKEHUU
Eb-103, MIla (Krc/CM2), IIpU KJlacce OeTOHA M0 ITPOYHOCTU Ha CXKaTue
B20 B25 B30 B35 B40 B45 B50 B55 B60
27,5 30,0 32,5 34,5 36,0 37,0 38,0 39,0 39,5
(280) (306) (331) (352) (367) (377) (387) (398) (403)
rj PaszMeleHde peknatsl B JOKyHMeHTas M Ha cailTe 12
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2.3. Ilpu pacyeTe OrHECTOUKOCTH U3MEHEHNE 3HAYEeHUSI HadyalbHOTO
MOOYIsl YIPYyrocTu OeTOHa TPHU HENPOOOIKUTEJIbHOM OTHEBOM
BO3[E€UCTBUU o yBeJIUYEeHUEM TeMIlepaTyphl YYUTHIBAIOT
Koo dummrenTom Bbp

Ebt = Ebp

Bb.
(2.5)

3HaueHue Koadduimernta Pp MNPUHUMAKOT 10 Tabm. 2.2 B
3aBUCHUMOCTH OT CPeOHEeM TeMIiepaTyphl OeTOHA CeYeHUs IIPU pacyeTe
o ¢popmynam (5.38, 5.39) u i-ro ceyenus (8.11).

2.5. [Ipu pacuyeTe OrHECOXPaHHOCTU U IIPOOOJIKUTEIIbPHOM OENUCTBUU
Harpy3KH 3HadeHus Moayssa medbopmanuii 6eToHa Ep, T oIpenensioT o

dbopmyne

£y

E =—t
o ltg,

21

(2.6)

Koadodunuent nmonzydectu O6eToHA @b,cr MOJIy4deH KaK OTHOIIEeHUE
TIOJTHBIX ~ OTHOCHUTENbHBIX pAedopmamuit cxkatusi OeToHa IIpH
BO3[EUCTBUU TeMIIEpAaTyphl K MOJNHBIM pAedopmarusm OeToOHa [0
BO3[ENCTBUS TEMIIEPATYPHI.

Koaddunument nonsydectu 6eTOHA @b,cr IOC/Ie HarpeBa IPUHUMAIOT
mo Tabn. 2.2 pmsg TeMmmnepaTtypbl 0OeTOHa B ILIEHTpPe TAXKECTH
IIPUBEIEHHOTO CeYeHHus IIpU pacueTe KPUBU3HBI B 3JieMeHTax 0e3
TPEIIUH.

IlommyckaeTcsi  TeMmmepaTypy ©OeToHa B  IIEHTpPE  TSIXKECTHU
IIPUBEIEHHOTO CeYeHUs  IIPpUHUMMATh pPaBHOM €ro  CpenHew
TeMmeparype.

2.6. TIlpu HarpeBaHuum ©OeTOHaA €CTECTBEHHOM  BJIaXXHOCTH
TeMIiepaTypHasi pedopMalusi OeTOHa COCTOUT U3 MOBYX BUMOB:

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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oOpaTuMoO¥ - TeMIlepaTypHOEe pacliupeHue U HeoOpaTUMOH -
TeMmepaTypHas ycalka.

3HauyeHusd K093(ppuIrmeHTOB TeMIepaTyPHOH nedopMaluu
pacIIupeHus: apt IPUBEOeHsl B Ta0a. 2.4 ¥ TeMIePaTyPHOH YCAOKH Ocs
- B Tabm. 2.5

Taonuma 2.4
KoadodumueHT TemnepaTypHOU gedopMaiimu
pacmupenus 6etona apt-107-°C™" npu
Bup GeToHa TeMIriepaTtype 6eToHa, °C
20-50 100 300 500 700-1100
Tsaxenvli Ha CUINKaTHOM 9 9 8 11 14,5
3alloJTHUTENe
Tsaxensll Ha 10 10 9 12 15,5
KapOOHaTHOM
3alloJIHUTEee
Tabnuiia 2.5

Koad¢duuneHT TeMnepaTypHoii ycagku Acs: 1 06.oc71

o
Buz GeToHa npu Temeparype 6etoxa, °C

20-50 100 300 500 700-1100
Tsaxxenolii Ha CUJIUKATHOM 0,5 1,0 1,0 -1,8 -6,8
3aMO0JIHUTEJIE
Tsxensit Ha KapOOHATHOM 0,5 1,5 1,1 1,3 1,5
3aMOJIHUTEJIE

2.7. OtHOocuTtenbHble mnedopManuu OeTOHA  CXKATUIO TIPU
OJOHO3HAYHOM PaBHOMEPHOU 3III0Ope £h() U IIPU OBYX3HAYHOU SIIOPE B
HOPMaJIbHOM CEYEeHHUHU £h2 B 3aBUCHUMOCTHU OT OJIUTEIbHOCTU OENCTBUA
Harpy3Kd M pacyeTa Ha OrHECTOMKOCTb U OTHECOXPaHHOCTH
IIPpUHUMAIOT 1o Tabm. 8.1.

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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HOpMaTHBHBIe H PaCYeTHbI€ XaPAKTEePHCTHKH apMaTypPbI

2.8. OCHOBHOU pacCYeTHOU XapaKTEPUCTUKOU apMaTyphl SBISETCS
HOPMaTUBHOE COIIPOTUBJIEHME PACTSIKEHUI0 Rgsp, NOPUHUMaeMoe
paBHBIM TapaHTUPOBAHHOMY 3HAYEHUIO TIpefesla TEKy4decTH C
obecnieyeHHOCTHIO He MeHee 0,95 (Tadi. 2.6).

Taonuma 2.6
HOpMaTI/IBHbIe 3HaA4YeHHs1 COIIPOTUBIIECHUSA
. pactsxenuio Rsp 1 paCyeTHBIE
HomMmuHaMbHBIN
ApmMaTtypa daneT 3Ha4YeHUs COIIPOTHUBJIEHUS
KJacca A p PacTSAXKEeHUIO OJid MpeneIbHbIX
apMaTypsl, MM " o
COCTOSIHUM BTOPOU rpyunsl Rs ser,
MIla (Kl"C/CMz)
A240 6-40 240(2450)
A300 10-40 300(3050)
A400 6-40 400(4050)
A500 6-40 500(5100)
B500 3-12 500(5100)
A540 20-40 540(5500)
A600 10-40 600(6100)
A800 10-40 800(8150)
A1000 10-40 1000(10200)
Bp1200 8 1200(12200)
Bp1300 7 1300(13200)

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Bp1400 4;5;6 1400(14300)
Bp1500 3 1500(15300)
K1400(K-7) 15 1400(14300)
K1500(K-7) 6;9; 12 1500(15300)
K1500(K-19) 14 1500(15300)

2.9. KoadpduimeHT HaOeKHOCTU Ys IO apMaType [asl IpemebHBIX
COCTOSTHUY IEePBOM IPYIIITEI IPUHUMAIOT PaBHBIM:

1,10 - gnsa apMmaTtypsl Ki1accoB A240, A300, A400;
1,15 - onsa apmaTtypsl KinaccoB A500 (A500C, A500CIT), A600, A800;

1,2 - opnsa apmatypsl KiaccoB A540, A1000, B500, Bp1200-Bp1500,
K1400, K1500.

PacueTHble 3HaueHWs COIPOTUBJIEHUS IIPOAOJIBHOU apMaTyphl
pacTsaAXeHUu Rs ser NPUBEOEHHl (C OKpPyrJieHWeM) [OJisi IpefebHBIX
COCTOSTHHM BTOPOHW Irpynnbl B Tabn. 2.6 u Rs u cxkaTuio Rsc IepBOu
TPYIIHE - B Tab6I1. 2.7.

Taoauma 2.7
PacueTHBIE COTTPOTUBIEHUS apMaTyPHI [JIsI IPEeNeIbHBIX COCTOSTHUN
nepsoi rpynmnsl, MIla (KFC/CMZ)
ApMmatypa PacCTAXKEeHUIO
Kjacca
TIOTIepeYHOoM (XOMYTOB cxartuio Rsc
npononbHoit Rs U1 OTOTHYTHIX
crepxHuei) Rsw
A240 215(2200) 170(1730) 215(2200)
A300 270(2750) 215(2190) 270(2750)

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe

Ten.: +7 (495) 506-71-51, +7 (495) 506-78-57, 16



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

A400 355(3600) 285(2900) 355(3600)
A500 435(4450) 300(3060) 400(4100)
B500 415(4250) 300(3060) 360(3650)
A540 450(4600) 300(3060) 200(2000)
A600 520(5300) - 400(4100)
A800 655(6650) - -
A1000 830(8450) - -
Bp1200 1000(10200) - -
Bp1300 1070(10900) - -
Bp1400 1170(11900) - -
Bp1500 1250(12750) - -
K1400 1170(11900) - -
K1500 1250(12750) - -

2.10. BnusHue TeMmepaTypbl Ha WU3MeHEHUE HOPMATUBHEIX U
paCYeTHEIX COIPOTUBJIEHUU apMaTyphl YUYUTHIBAIOT YMHOXEHUEM
IIPOYHOCTHEIX XapaKTEePUCTUK apMaTyphl IIPU PACTAXKEHUU U CKATUU
Ha K03 PuimeHT ycnoBus paboThl apMaTypHl Yst:

HOpMaTI/IBHBIe COIIPOTHUBJIEHUA:

Rsnt = Rsn yst; Rs,ser,t = Rs,ser
Yst. (2.7)

PacuyeTHbIe COTIPOTUBJIEHUS IIPONOJIbLHOM apMaTypPhl

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Rst = Rs yst; Rsct = Rsc
yst. (2.8)

PacueTHrnie COIIPOTHUBJIIEHUSA HOHepeT{HOfI apMaTyp&sI
stt = st
yst.
(2.9)

3HaveHusT Kol3ddUlMEeHTa YCIoBUS pabOThl apMaTypsl  Pst
MTPUHUMAIOT:

10 TeMIlepaType LeHTpa TAXKEeCTU PaCTIHYTOU U CKaTOU apMaTypHhl;
10 MaKCUMaJIbHOU TeMIepaType XOMYTOB (IOIepeYyHOor apMaTyphl).

3HaueHUsT KO3(PPUIMEHTOB yCIoBuUS pPabOTHl apMaTypel st
IIPUHUMAIOT 110 Tab. 2.8.

Taonuma 2.8

3HaueHue K03puimeHTos Yst, fs IPU

o
Kracc apmarypsi |Kosddummerr| HATPEBE @PMaTyPLL 10 TEMIIEPaTypsL, C

20 | 200 | 300 | 400 | 500 | 600 | 700 | 800

A240, A300, Yst 10| 10| 1.0 {0,85]|0.,60(0,37|0,22 | 0.10
A400
10|10 (10|10 | 10| 1,0 [{0,92] 0,85

Bs 1,0 10,92(0,90(0,85|0,80|0,77 | 0,72 ]| 0,65
A500 Yst 1,0 | 1.0 | 0.90| 0,70 0,50 (0,30 | 0,20 | 0.10

1,0 | 1,0 | 1,0 | 0,95{0,90]0,80|0,70 | 0,60

Bs 1,0 {0,95(0,90(0,80|0,75]0,70 | 0,60 | 0,50
A540, A600, Vst 1,0 | 1.0 {096|0.80|055(030|0.12 | 0.08

A800, A1000
1,0 {10 (10 | 1,0 |0,86]|0,66|0,56|0,46

Bs 1,0 {0,90(0,85(0,80|0,76 0,70 | 0,66 | 0,61
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B500, Bp1200, pst 1.0 | 1.0 | 0.90 | 0,65 | 0.35 | 0.15 | 0.05 | 0.02
Bp1300,
Bp1400, 1,0 | 1,0 | 1,0 | 0,90 0,80 0,60 0,50 | 0,40
Bp1500, K1400,
K1500 Bs 1,0 |0,94|086|0,77 064|055/ 045|035

IIpuMedyaHUus:

1. 3Havenus KoahdunuenTa Yst Hal YEePTOU U 3HAUYEHUA KO3hPHUIEeHTa
Bs maHBEL B HAarpeTOM COCTOSIHMM, M OHM KCIIOJIL3VIOTCS IIPU pacyere
OTHEeCTOUKOCTH.

2. 3Hauenus koadduimenta Yst IOL YEPTOU HOaHBI IIOCJIe Harpesa B
OXJIaZKOHEeHHOM COCTOsdHHMHKH, W OHHKM MHCIIOJIB3YIOTCA IIPHM pPac4deTe
OIrHECOXPAaHHOCTH.

3. 3nauenus koaddunuenta Bs IIOCJIe HarpeBa PaBHEI 1.

2.11. 3HayeHUe MOAOYJIA YIPYTOCTU apMaTyphl BCeX BUOOB, KpoMe
KaHaTHOU, IpuHUMaeTcsa paBHBIM Eg - 200 000 MIIa (2 000 000 rc/
CM2), a IJI1 KaHaTHOU a%MaTypr kyaccoB K1400 u K1500 Es = 180 000
MTIlIa (1 800 000 krc/cMm”).

2.12. BnusHue TeMmnepaTypbl Ha H3MeHEHHEe MOOYJsd YIPYTOCTH
apMaTyphl YYUTHIBAIOT YMHOXKEHUEM MOOYJs YIPYTrOoCTU apMaTyphl Es
Ha K03huIimeHT PBs:

Est = Es

Bs.
(2.10)

3HaueHne KoapodummenTta fs MNOpPUHUMAIOT 100 Tabn. 2.8 10
TeMIlepaType IeHTpa TAXKECTU PacTIHYTOM M CKATOW apMaTyphl U I10
CpefgHeu TeMIiepaType XOMYTOB.

2.13. C noBeIllIeHHEM TeMIOepaTyphl KO3(pPUIIUEeHT TeMIIepaTypPHOT O
pacLUIupeHus st apMaTYPHBIX CTajled YBEJIMYMUBAETCS, U 3HAYEHUs ero
IJI1 BCeX KJIaCCOB CTaJley HOIyCKaeTCsa IIPUHKUMAaTh OOWHAKOBBLIMU B
3aBUCHUMOCTHU OT TeMIlepaTyphl HarpeBa mo tabmu. 2.9.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Taonuma 2.9

KoadduineHT TeMIepaTypHOTO pacCIIupeHns

. -6_0 - (<]
Kracc apMaryper apmatypel Ost*107°-°C™" mpu Temnepartype, °C

20 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800

A240, A300, A400, A500, 13,0|13,5|14,0|14,5|15,0| 15,5

A540, A600, A800, A1000,
B500, Bp1200-Bp1500,
K1400, K1500

11,5112,0| 12,5

3. TEINIOTEXHUYECKHWM PACYET XKEJIE30BETOHHBIX

KOHCTPYKIIUHA

3.1. [Ins ompemenieHUs Ipefesjia OTHECTOMKOCTU XKejle300eTOHHBIX
KOHCTPYKIMM HeoOXOOMMO 3HaTh paclnpefeseHue TeMIepaTryp IIo
0eTOHY TIIOIIEPEYHOT0 CeYeHUsA  9IJIeMeHTa OT  BO3[eNCTBUSA
cTaHgmapTHOro mnoxapa. Cormacuo ['OCT 30247.1 Ttemneparypa
CTaHOAPTHOTO IIOXKapa WU3MEHSEeTCd B 3aBUCHMOCTHM OT BpPEMEHH
COTJIaCHO YPaBHEHUIO:

t =3451g (0,133t + 1) +
te; (3°1)

rae T - BpeMs Harpesa, C;
te - HaganmbHasg TeMiepartypa, °C.
[Ipu HauvanpHOU Temnepatype te = 20 °C mo ypaBHeHumio (3.1)

TeMmepaTypa Ccpeabl MIOOHMMAETCS B 3aBHCHMOCTH OT BpPEMeHHU
OTHEBOTO Bo3aencTBusa (Tadil. 3.1)

Taoaunoa 3.1

Bpems, MuH t, °C Bpemsi, MuH t, °C Bpems, MuH t, °C
5 576 50 915 120 1049
10 679 60 945 150 1082

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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15 738 70 970 180 1110
20 781 80 990 210 1133
25 810 90 1000 240 1153
30 841 100 1025 270 1170
40 885 110 1035 300 1186

3.2. Pemenue 3agayM HeCTaAllMOHapHOM  TeINJIOIPOBOOHOCTHU
CBOOUTCS K OIpeHeeHuI0 TeMIepaTypsl OeToHa B JI000M TOUYKe
IIONIEPEYHOT0 CeYeHus 3JeMeHTa B 3aJaHHBIM MOMEHT BpPEMEHH.
dyHKIIMOHAaIbHASA 3aBUCUMOCTD TeMIlepaTypPhl OT BpPEMEHH
onuckiBaeTcs OuddepeHIInanbHEIM ypaBHEHUEM TEIIONPOBOOHOCTH
dypbe IIpU HENMWHEWHBIX TPAHUYHBIX YCIOBUSX M CJIOKHOM IIpPOIleccCe
TEIJIO- ¥ MacCoIlepeHoca.

AnTopUTM pacyeTa IIpPencTaBisieT co00M CUCTEMY ypaBHEHUM I
ompepesieHUsI TeMIepaTyphbl B KaXAoM Yy3/le HaKJjagblBaeMOW Ha
cedyeHNe KOOpPOWMHATHOU ceTKH. KoopauHaTHas ceTKa HaKjaObIBaeTCs
TakK, YTOOBI €€ y3JIbl pacliojlarajluch HE TOJILKO B TOJIINHE CEYEHUsI, HO
1 TI0 ero IepuMeTpy, a TakKKe B LIeHTPe CTepPXKHEU [OJid KOHCTPYKLMMI
c rubKOM apMaTypo¥ M IO [OJIMHE TOJIOK M CTEHKHU B CepeluHe HuX
TOJIIIMHBLI OJIsT KOHCTPYKLMM C 2XKeCcTKouW apMarypoi. Illar cetkm
pekoMeHpayeTcs 3amaBaTh B mpemenax 0,01-0,03 M, HO 00s13aTeIbHO
0oJIbllle MaKCUMAaIbHOTO IUaMeTpa pabodel apMaTypHl.

3.3. [Ins1 TEIJIOTEXHUYECKOT0 pacyeTa XKeJjie300eTOHHLIX 3JIEMEHTOB
peKOMeHOyeTCsI IPUHUMATh:

K09 PUIIMEHT TENJIONIPOBOOHOCTH TSIXKeJIoro OeToHa:
Ha CUJIMKATHOM 3allOJIHUTEJIEe

A=1,2-0,00035¢t, Bt/
(M-°C); (3.2)

Ha KapOOHATHOM 3aIl0JITHUTEJIE

A=1,14-0,00055¢t, Bt/
(M-°C); (3.3)

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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K093 PUIIMeHT yoenbHOU TEII0EMKOCTH:

OiIss TA2XKeJIoTr O OeToHa Ha CHJIMKATHOM M Kap60HaTHOM
3alIOJTHUTEJIAX

C =0,71-0,00083t, xIx/
(xkr-°C); (3.4)

ITPUBEIEeHHBIN KO3GOUITMEHT TeMIIePaTYPOIPOBOIHOCTH:

5 ared = MC+50W)p,
M“/4, (3.5)

rame A u C - pacueTHBIE cpemHue KO3(PPUIIMEeHTE TeIJIOIPOBOTHOCTH
1 TertoeMKocTu 6eToHa mipu 450 °C;

p - TIJIOTHOCTB CyX0ro 6eToHa, KT/M>;
W - BecoBasi 9KCIITyaTallMOHHAs BJIa’KHOCTL O€TOHA, KI/KT.

B smeMeHTax C KECTKOM apMaTypoM, y KOTOPHIX HaOIIomaeTcs
mepenan TeMIepaTyphl II0 OJIHHE II0JIOK M BHEICOTE CTEHOK JKEeCTKOMH
apMaTypel, HEOOXOOUMO YUHUTHIBATh TEIIJIOIPOBOOHOCTh CTAJIH.

KoadduiimeHT TEIIOIPOBOOHOCTH CTaJId PaBEH:

A =58-0,0048t, Bt/
(m-°C). (3.6)

KoadduiimeHT TenmoeMKOCTH CTajld PaBeH:

C =0,48 - 0,00063t, xIx/
(xr-°C). (3.7)

3.4. [ns Haubolee YacTO TMPUMEHSIEMBIX B CTPOUTEIHLCTBE
Kene300eTOHHBIX KOHCTPYKIMU (IJIUT, CcTeH, OajloK, KOJIOHH) OBIIN
ITPOBEIEHEI TEeIJIOTeXHUYECKUe pacyeTsl pacrpeneneHus
TeMIlepaTyphl B O€TOHEe IIOIIEPEYHOTr0 CeYeHHUS 3JeMeHTa IIPU OOHO-
, OBYX-, TpeX- U 4YeThIPEeXCTOPOHHEM HarpeBe B 3aBUCUMOCTH OT
OJIUTEJIbHOCTH BO3OENCTBUS CTAaHIAPTHOIO IToXKapa.

TenmoTexHUYeCKOMY pacdeTy ObLIM MOABEPTHYTH KeJ1e300€e TOHHEIE
KOHCTPYKIIMM U3 TAXKenoro OeToHa TIIJIOTHOCThIO 2350 K1"/M3,
BJIAZKHOCTHBIO 110 2,5-3 % Ha CUIMKaTHOM 1 KapOOHATHOM 3allOJTHUTEISIX

(mpunoxenud A u B).
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4. ONIPENEJIEHUE IIPEJEJIA OTHECTOMKOCTH ILJIUT, CTEH

I10 IIOTEPE TEILJIOU3OJIMPYIOIEM CIIOCOBHOCTH

4.1. TeMmnepaTypa Ha HeoOOTrpeBaeMOU MOBEPXHOCTH KOHCTPYKIIUU
IIPY OOJHOCTOPOHHEM AENCTBUM OTHS 3aBUCHUT OT YCIIOBUU TeIlJIoOOMeHa
Ha 93TOM IIOBEPXHOCTH, KOTOPBIM XapaKTepulyeTcsad KOo3(pPuIueHTOM
TEIJIO0THaYH.

B pacyeT BBOOMTCS cpegHee apudMeTHYeCKOoe K3 HadaJIbHOTO U
KOHEYHOr0 3HadeHuu KoO3Q(PuimeHTOB Tennootoauyu. HavanbHoe
3HaUeHWEe HaxOOsdaT IIpU MOBHILIEHHU TeMmIiepaTtypsl Ha 1 °C Ha
HeoOoTrpeBaeMoy IMoBepxXHOCTU. KoHeYHOe 3HaueHHe ONMpeaesiaoT IIpu
TIOBBLINIIEHNM TeMIlepaTyphl Ha HeoOorpeBaeMoOU ITOBEpPXHOCTH Ha 160
°C, T.e. IpU HACTYIUIEHUWHU Ipefesla OTHECTOMKOCTH KOHCTPYKIHH II0
IIOTEPE TEMJIOU30IUPYIOIIEN CIIOCOOHOCTU. 3aTEM TEIJIOTEXHUYECKUM
pacyeToM HaXOOSAT BpeMs OOCTUXKEHUS IMpenesia OTHECTOMKOCTH IO
IIOTEPE TEIJION30JIMPYIOIel CIIOCOOHOCTH.

4.2, Jlpemen OrHECTOMKOCTH IIO IIOTEpPE TENJIOU30JIUPYIOLIen
crtocobHOCTH I ITpU OOHOCTOPOHHEM HarpeBe IIJIUT, CTEH U3 TAXKEeJI0T0
0eToHa Ha CHUJIMKAQTHOM UM KapOOHATHOM 3allOJIHUTENSIX IIPpHU
OJIUTEJILHOCTU OTHeBOro Bo3meucTBusa 0o 300 MuH ykKa3aH Ha puc. 4.1.
IS MHOTONYCTOTHBIX IIJIUT Ipedel OrHEeCTOUKOCTHM II0 IIoTepe
TEIIJION30JINPYIONIel CIIOCOOHOCTHU ciieflyeT YMHOXkKaThb Ha 0,65.
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Puc. 4.1. IIpengen orHeCTOMKOCTH I10 TEIJION30IUPYIOIIen
CIIOCOOHOCTH MJIUT (CTEeH) IIPU OOHOCTOPOHHEM HarpeBe OeToHa OT
CTAaHOapPTHOTO IToXKapa

1 - TsIKenoro 6eTOHa Ha CUJIMKATHOM 3aIlloJTHUTENeE; 2 - TO XKe, Ha
KapOoOHATHOM

5. PACUET IIPEJEJIA OTHECTOMKOCTH I10 IIOTEPE

HECYIIIEM CIIOCOBHOCTH

OcCHOBHBIE YCJIOBUSA

5.1. Pacuer 1penena OTrHECTOUKOCTU IO [IOTepe Hecylleu
crioco0HOCTH R kKene300eTOHHBIX 3JIEMEHTOB CJIeyeT IIPOU3BOAUTDH Ha
OCHOBEe HeNIMHeNHOU medopMallMOHHON MOOEeNIu corjiacHo nm. 8.1-8.8.

PacueT OTHECTOMKOCTHU II0 TOTEpe MNPOYHOCTH IKeJIe300eTOHHBIX
3JIEMEHTOB [IOIIYCKAEeTCS BBIIIOJHATH 1O TIPEIelbHLIM VCUJIUSM
(mpenmenbHBIE COCTOSITHUS IIE€PBOM I'PYIIIEI) A0 IOJTHOM HENPUTOJTHOCTH K
9KCHJIyaTallu¥ BCJIEACTBHE IIOTEPU HECYIIel CIIOCOOHOCTH.

PacueT OrHECTOMKOCTH IIO IIOTepPe HecyIllel CII0COOHOCTHU
Kejne300eTOHHBIX 5JIEMEHTOB npu OTHEBOM BO3OENCTBUU
IIPOU3BOOUTCS B CIEOYIOIIEN IIOCIEeI0BaTEIbHOCTH.

1. Il mpUHSITOTO II0 IIPOEKTY pa3Mepa CcedeHUs, BuUOa OeToHA M
TpebyeMoro Ipefesa OTHECTOMKOCTH R mo npunoxenusM A u b
HAXOOSAT pacIipefielieHue TeMIlepaTyphl B OeTOHE CedyeHUs 3JIeMeHTa
W TeMIlepaTypy HarpeBa apMaTypbl OT CTaHOApTHOIO IIoXKapa
OJINTEIbHOCTHIO, PABHOU IIpenely OrHECTOUKOCTH.

2. Ecnu npuHUMAaOT KO3(QPUIIMEHT Ybt, 3aBUCSIINN OT TEMIIEPATYPHI
cxkaTtoro 0eTOHa, TO CHavasa onpenenstoT Rpnt mo dopmyne (2.1) onsa
KaXK[IOM 4YaCTH CXKAaTOr0 CeYeHHUS M ero 3HayeHHUs IIOOCTaBISIOT B
(dopmMynEl HPOYHOCTH HOPMAJILHBIX M HAKJIOHHBIX CEYEHHH C
OEeNCTBUTEIbHLEIMU pPa3MepaMHu.

CpenHiolo TemmepaTypy OeTOHa cxKaToM 30HHI IIpu ¢ = &R
OONMyCKaeTcs TIMPUHMMATL OIS IIJIUT 10 TeMIlepaTtype OeToHa,
pacnonoxkeHHOro Ha paccrosuuu 0,1h(Q, gns gpyrux 3J1eMeHTOB - Ha
paccrosuuu 0,2 hQt OoT cXKaToM HarpeBaeMOW I'paHU CEeYeHUs; IPU X
= ERhO0 u x = h(Q - Ha paccTosHuHu, paBHOM 0,5X OT CXKaTOW TIpaHHU
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ceuyeHud. HpI/I pacdeTe 110 IIPUBEJEHHBIM CE€YEeHUIAM hO 3daMEeHAI0T Ha
hot.

Ecnu cxkaTas 30Ha CeYeHUS PacIlojioKeHa Y HeHarpeBaeMoil IrpaHu
CedyeHUs, TO CpedHsAsT TeMIlepaTypa OeToHa CxKaTO¥W 30HHI B 0OajiKax,
HarpeBaeMBIX C TPEX APYTUX CTOPOH, ompenessieTcs mo puc. 5.1.
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Puc. 5.1. CpegHss TeMnepaTypa OeTOHa CKaTOU 30HHI,
PacIoIoXXKEeHHOM Y HeHarpeBaeMou rpaiu 0ajiku, HarpeBaeMou C
apyrux tpex ctopoH; 30 - 240 - oJIUTEeIbHOCTh CTaHAapPTHOI'O OTHEBOTO

BO3OEUMCTBUS, MUH

3. Korga KosppumueHTy ypt IPpUHUMAIOT PaBHBIM 1, TO OIpenensatoT
rnyOuHy nporpeBa O0eToOHA dt 10 KPUTUYECKOM TeMIlepaTyphl (puc. 5.2
u 5.3). YcTaHaBIUBAIOT IIPUBEJEHHBIE pa3MepPHl CeueHus 1o Gpopmynam
(5.1)-(5.8) u B ¢dopmMmynax HOPOYHOCTH HOPMAJIbHBEIX M HaAKJIOHHBIX
CeYeHHUM UCMIONb3YIOT Rbn, Rbtn, bt, ht, b'ft, h'ft, Ared u hOr
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Puc. 5.2. ['myOuHa mporpesa at [0 KpUTUYECKOW TeMIIePaTyPHI th,cr B
0ajsike OT HarpeBaeMoOU I'DAaHU CeUYEHUS
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1 - TsIXKenbli 0ETOH Ha CUIUKAaTHOM 3allOJIHUTEJIe; 2 - TO XKe, Ha
KapOoHaTHOM; 30-240 - BpeMs nporpeBa B MUHYTaX OT CTaHAAapPTHOTO
rnoxapa

4. OmnpepnensioT MPOYHOCTh CeYeHUsI KeJie300€eTOHHOTO 3JIeMeHTa
OT MOeWCTBUS HOPMATUBHOM HArpy3kKu IIpu TpebyeMoM IIpenene
OTHECTOMKOCTU. Ecnu BBIYMUCIEHHAs IIPOYHOCTL OOJIbIlle UM pPaBHA
IIPOYHOCTU CEeYeHUs OT HOPMATHMBHOU HArpy3KU OO I[oOxKapa, TO
TpebyeMblil pefesl OTHECTOMKOCTU o0ecIiedeH WX OJisi TpeOyeMoro
npefesia OTHECTOMKOCTH R ONpenesisiioT pacuyeToM HeoO0XoOuMylo
IJIOIab PACTAHYTOU U CXKATOU apMaTypBhl.

a,;, MM
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| \Z-Iﬂ MMH _
o0 'Im HHH\ g = 500°C :*’ MM
80 T | N 240 MuH
by » & + 1,,=600°C
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Puc. 5.3. ' myOnHa mmporpeBa dt 40 KPUTUYECKOW TeMIlepaTyphl
TAXKEeJIoro 0OeToHa B KOJIOHHE

1 - Ha CUJIMKATHOM 3allOJIHUTEE; 2 - Ha Kap60HaTHOM 3allOJTHUTEJIE B
3aBHCHMOCTH OT IINPHUHEIL b KB&JIp&THOfI KOJIOHHEHI ITPHU BO3OEMCTBUU
TeMIIEPATYPhI CTAHOAPTHOTI' O ITOZKapa

5.2. Tlpu pacuere Kene300€TOHHBIX 3JIEMEHTOB IIPUBeOEeHHbIE
pa3Mepsl CeYeHUY NPUHUMAaIOT PaBHBIMMU:

IIPY TPEXCTOPOHHEM Harpese:

I PHUHAa 68_J'IKI/I, KOJIOHHEI

bt=>b -
2at;
(5.1)
I_T_II/IpI/IHa IIOJIKH
r‘j\ PasMeweHe peKnaktel B J0KYMEHTAX W Ha CcaiTe
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b'ft = b'f -
2at;
(5.2)
BBICOTa IIOJIKHU
h'ft = h'f -
at;
(5.3)
BBICOTa CeuyeHusda GaHKI/I, KOJIOHHHBI
ht=h -
2at;
(5.4)

mIomianb 0aIKu

Ared = 0,95 (b - 2at) (h -
2at); (5.5)

[Ipu 4eTHIPEXCTOPOHHEM Harpese:
BBICOTA CEUYEHUS KOJTOHHBI

ht = h -
2at;
(5.6)

IIjomaab Ce4eHUdA KOJIOHHEI

Ared = 0,95 (b - 2at) (h -
2at); (5.7)

pa6oqaﬂ BBICOTaA CeYeHUs ITPU HarpeBe CO CTOPOHEBI C2KaTOU 30HBKI:

hot = ho -
2at;
(5.8)

I'nybuHa nporpeBa OeTOHa dt OO KPUTUYECKOM TeMIlepaTyphl B
0asikax OT HUXKHEUN HarpeBaeMoOM I'paHM CeYeHUs OaHa Ha puc. 5.2.

I'nmybuHa nporpeBa OeTOHa dt OO KPUTUYECKOM TeMIlepaTyphl B
KOJIOHHAX IIPU YeTHIPEXCTOPOHHEM OTHEBOM BO3MEMCTBUHU ITOKa3aHa Ha

puc. 5.3.

) PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe

Ten.: +7 (495) 506-71-51, +7 (495) 506-78-57, 27



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

5.3. Pacuer mnpemena OrHECTOMKOCTHM IIO IIOTepe HecCylleu
CIIOCOOHOCTM HOpPMAJIbHBIX CEeYeHUU CJiegyeT IIPOU3BOOUTH B
3aBHCHUMOCTHU OT COOTHOIIEHUS MeXKOy 3HaUYeHUSIMU OTHOCUTEJIbHOU
BLICOTBEI CxKaTol 30HBI OetoHa & = x/h(Q, onpemensieMbIMU U3
COOTBETCTBYIOIIUX YCJIOBUU paBHOBECHS, U 3HAYEHUEM TI'PaHUYHOU
OTHOCHUTENIbHOUN BBICOTHI CXKATOMW 30HBEI (R, MPU KOTOPOU IIpemesibHOe
COCTOsIHHE 3JIeMeHTa HacCTyllaeT OOHOBPEMEHHO C [OOCTHUXKEHHEM B
pacTaHYTOM apMaType HalpsaXKeHHWs, pPaBHOTO HOPMaTUBHOMY
COIIPOTUBJIEHUIO Rsnt.

3HaueHue R OmpenessioT B 3aBUCUMOCTH OT KjlacCa apMaTyphl I10
Tabmn. 5.1.

Taonuma 5.1

. Bp1200 K1400
. A240|A300|A400|A500|B500|A540|A600|A800|A1000 Bp1400|Bp1500
PMaTyDel Bp1300 K1500
3

Ha;;HHH 0,61/0,58 0,53 /0,49 0,50 |0,62|0,43|0,41| 0,39 | 0,37 | 0,36 | 0,30 | 0,33

IImuThI 0A/I0YHBIE CBODOTHO OMEepPThIe

5.4. XKene3o6eTOHHBIE IIIUTH OaT0OYHBIE CBOOOAHO OMEPTHIE IO ABYM
IIPOTHUBOIOJIOXKHEIM CTOPOHAM IIPM OOHOCTOPOHHEM HArpeBe CHU3Y
pa3pylalTcs B pe3ynbTaTe o0pa30BaHUS IJIaCTUYECKOTO ITapHUpa
B CepefuHe IIpoJieTa M3-3a CHUXKEHUS HOPMATUBHOTO COIIPOTUBIIEHUS
apMaTyphl PacTSIKEHUIO MO KPUTUUYECKOTO 3HAYEeHUS HAIPSIKEHUS OT
HOPMaTUBHOM HaArpy3ku (puc. 5.4).

R,

R 4,
Ky A
R, A,

Miiﬂr

Puc. 5.4. CxeMa yCUJIUU U 3MI0Pa HANPSIXKEHUU B CEYEeHUH,
HOPMaJIbHOM K IPOMOOIbHOM OCU XKejie300eTOHHOM 0all0YHOM MJIUTHL B
npoJsieTe, 060rpeBaeMoy IIpHU MoxKape C HUKHEN CTOPOHEI
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Bo MHOTUX CJIy4asiX MOXKHO NMpeHeOpeub MPOrpeBoM OeToHa CKaTou
30HBI ¥ CXKATOM apMaTyphl, TaK KaK OHM HarpeBalOTCs HEe3HAYUTEIbHO.

BhICOTa C3KaTOU 30HBI OTIpeAensieTcs 1Mo GopMye

X = (RsntAs - RscA's)/
Rpnb. (5.9)

I[TpOYHOCTH CeYEHUS IPOBEPSIOT 110 hopMyIie

M = Rbn bx (hO - O,5X) + RSC Als(ho -
a). (5.10)

Ecnu TeMmmepaTypa cxKaTo¥M 30HBI OeTOHa M CXKaTOM apMaTyphl
BBICOKasi, TO B ¢opmynsl (5.9) m (5.10) BBOOAT HOPMATUBHOE
COTIPOTUBIIEHUE OEeTOHA CXKaTUIO0 Rpnt, BEIYMCIIEHHOE 10 hopmyrie (2.1),
¥ COIIPOTHUBIIEHME CKATHUI0 apMaTypH Rsct, onpenenerHHoe 1o popmyrie
(2.8).

B cunmbHOApMUPOBAHHBLIX IINTUTAX HpPU & < &R [MOOIMYCKAeTCs WUX
IIPOYHOCTH ONPENENsTh 110 (opMye:

M = Rgnt As(ho - 0,5x) + Rsct A's(0,5x -
a'. (5.11)

BricOTy c2KaTou 30HHI OIIpeaensioT no gopmyine (5.9).

Ecnu 3HayeHUS MOMEHTOB, BBIUYMCIEHHBIE TO ¢gopmynaM (5.10) u
(5.11), paBHB unu OOJIbIIIE HOPMATUBHOTO MOMEHTa OO IIOXKapa, TO
IIPUHSTAs B IMMPOEKTe KOHCTPYKIIUS IIIUTHI oOecledYyuBaeT TPeOyeMbIi
rpenaen OTHECTOUKOCTH R.

5.5. II711 TOro 4TOOBl YCTAHOBUTH MIPEIen OrTHEeCTOMKOCTH IIIUTH R,
MOXKHO HaWTH KPUTUUYECKOe 3HadeHue KoadduiimeHTa ycioBus paboTh
pPacTAHYTOU apMaTyphl.

Kputudyeckoe  3HaueHue  KoapduimeHta  ycinoBuii  pabOTHI
pacTSHYyTOM apMaTyphl, Korga § < R BRIUUCISIOT 110 (popMysiaM:

IIp1 OOMHOYHOM apMHUPOBAHHUM

Yst,cr = Mn/Rsn As(hQ -
0,5x), (5.12)

IIPYU OBOMHOM apMUPOBAaHUU

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe

Ten.: +7 (495) 506-71-51, +7 (495) 506-78-57, 29



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

Yst,cr = [Mn - Rsct A's(0,5x - a')l/Rsn As (hO -
0,5x), (5.13)

roe Mp - MOMEHT OT HOPMaTUBHOM Harpy3KH.
BricOoTy c2KaTo¥ 30HHI OIIpeaensioT no gopmyie (5.9).

3Hasi KpPUTHUUYECKOoe 3HaueHue Ko3huIMeHTa YCIOBUM pPabOTHI
apMaTyphel Yst,cr, B 3aBUCHMOCTH OT KjlacCa apMmaTypel o Tabn. 2.8
OIpPEeneNsoT KPUTUUECKYI0 TeMIlepaTypy HarpeBa apMaTyphl Ls,cr, IIpU
KOTOPOM HaCTyHaeT Mpefesl OTHECTOMKOCTHM R MO moTepe Hecylleu
CIIOCOOHOCTH.

BpeMsi HacTyIjeHUs mpefaesia OTHECTOMKOCTU HAXOHOSAT 0 KPUBBIM
nmporpeBa OeToHa IIIUT (OpUIOXKeHHWe A), TPUHUMAS KPUTUYECKYIO
TeMIlepaTypy HarpeBa apMaTypHl ts,cr paBHOM TeMIlepaType 6eToHa Ha
YPOBHE €€ OCH.

MHOI‘OIIYCTOTHLIB IINTATBHI

5.6. B MHOTrOIIyCTOTHBIX MJIMTaX NOpeaesl OTHECTOUKOCTH MOXKET
HACTYIIUTh THPU OEWCTBUU HUIrubarIlero MoOMeHTa OT HOpPMaTHBHOM
paBHOMEPHO pacIpelmeneHHON Harpy3kKuM B IIpOJieTe U B OMacCHOM
HaAKJIOHHOM CeYeHUU OT MOMEHTa U NPOCKaIb3bIBaHUS apMaTyphl Ha
olope IIpM HarpeBe KOHTAKTHOTO CJiosd OeToHa U apMaTyphl OO0
KPUTUYECKOU TeMIlepaTypPHI.

PacueT OrHeCcTOMKOCTH IIPU HOeMCTBUM U3rubalolero MOMEHTa B
OMaCHOM HAKJIOHHOM Ce4YeHMM U MOMEHTa, BOCIPUHUMAEMOI0
IIPOOOJIBHOM  apMaTypoH, rnepecekawIien  pacTIHYTYyI0  30HY
HAKJIOHHOTO Ce4YeHUsI, OIpenensaoT u3 yciaosusd (5.14).

PacueT OrHeCTOMKOCTH IIPU HOeMCTBUM U3rubalollero MOMEHTa B
mpojieTe IpPou3BOOAT mo ¢opmynam (5.10) m (5.11) m B omacHOM
HaKJIOHHOM CEeYEeHUU U3 YCJIOBUS

M = 0,9Nsh0 + 0,5stt
AswC2/Sw. (5.14)

Ycunue Ns B ¢Qopmyne (5.14), BoCOnpHHHMaeMO€ aHKEPYIOIIUM
CTepKHEM apMaTyphsl Ipu ds < 32 MM B 30HE aHKEPOBKH, OIIPEOEISaIOT
1o popmyiie

Ns = (N1Rbtnt Is us /) < Rsnt
Ag. (5.15)
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B dopmynax (5.14) u (5.15):

Rswt - COIIPOTHUBJIEHHE B TOMEPEYHOM apMaType, OIpenesisioT II0
dbopmyne (2.9), B KOTOpOHU Yst HOPUHUMAKT 0O Tabn. 2.8 panga
MaKCHMaJIbHOM TeMIlepaTypPhl HarpeBa XOMYTOB;

Asw - TINIOIIagh MOEPeYHOM apMaTypPhl Ha €IUHUITY OJINHBI IIJIUTHI;

C - OJI¥HA IPOEKIMH HaKJIOHHOW TPeIIuHE], IpUHHMaeMas oT h(Q [o
2h0;

Sw - PACCTOsTHHE MEeXKOY XOMYTaMH;
Rsnt - HOPMaATHUBHOE€ COIIPOTHUBJIEHHE PACTA2XKEHHNIO, KOTOpoe

onpenensdioT 1o dopmyne (2.7), mpuHHUMAas Yst, MO Tabn. 2.8 nOns
TeMIIepaTyphl aHKEPYIOIIEero CTEPKHS;

N1 - Ko3(ppUIIMEeHT, YYUTHIBAIOIINUN BJIMSIHUE BHAA ITOBEPXHOCTU
apMaTypHl, IIPUHUMaEMBIA paBHBIM: 1,5 - O apMaTyphl Kiacca A240;
2,0 - omna apMmatypsl Kinacca B500; 2,5 - gns apmaTtypsl KiaccoB A300,
A400 u A500;

Rbptnt - HOpMaTUBHOE COMPOTUBIIEHNE OETOHA OCEBOMY PACTSIXKEHMUIO,
onpepensemMoe 1o popmyie (2.4), B KOTOpor KO3(DDUIIMEHT YyCIIOBUSI
paboTel OeTOHa Ha pacTsAXKeHUe Yyt NPUHUMAKT 0o Tabn. 2.2 B
3aBUCUMOCTH OT TeMIlepaTypbl 0OeToHa, paBHOU TeMIepaType
aHKepPYyIIero CTepKHS Ha olope. TeMIepaTypy apMaTyphl B 30HE
QHKEPOBKY TIPU OIMUPAHUU IIJIUTHI Ha KeJIe300€TOHHBIM PUTENh WU
CTeHy NpuHUMaroT paBHOU 0,8ts ¥ Ipu ONMpPaHUU Ha MeTaJlJINYeCKYIO
0anky - ts;

Is - paccrosHHe OT KOHIA AaHKEPyeMOro CTepXHSA [0
paccMaTpUBaeMOr0 IMOIEPEYHOI0 CeYeHUs IIJINTHE, IPUHUMaeMoOe B
KadeCTBe OJIMHBI aHKePOBKHU (He MeHee 15ds u 200 MmM), TpeOyemoii aJis
nepenayu ycunus B apMatype Ns Ha OeTOH;

Us - TIIepuMeTp IIOIIepedYHOIro CeYeHHsa aHKepyeMoro CTepzXKHI,
OHpeHeHHeMBIﬂ IIO0 €TO HOMHWHAJIBHOMY OUAMETPY;

O - KOOQDUITMEHT, YYUTHIBAIOUINY BIUSHUE HATIPSIXKEHHOTO COCTOSTHUS
0eToHa ¥ apMaTyphl 1 KOHCTPYKTHUBHOTO PEIIEHUS 3JIEMEeHTa B 30HE
AHKEPOBKY Ha AJIMHY aHKEPOBKHU. [Ipy aHKEepPOBKe CTEPIKHEHU
IIEPUOOUYECKOT0 ITPOUIISI C IPSIMBIMU KOHIIAMU UJIU TTIaJKOU
apMaTypoy C KPIOKaMU UJIU MEeTIIMU 0e3 OOMOTHUTETbHBIX
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QHKEePYIIUX YCTPOUCTB IPUHUMAIOT PABHBIM: [IJIs1 PACTSIHYTBIX
crepxHen 1,0 u s cxkateix 0,75.

3a npegen OrHECTOUKOCTU MPUHUMAaETCS MUHUMaIbHOE 3HaYeHUe U3
IIpefesioB OTHECTOUKOCTU: IIPU 00pa30BaHUM IIJIaCTUYECKOT0 IIapHUpa
B CepeduHe IIpojieTa M y Kpas HaAaKJIOHHOU TPEIIWHB], YMHOXEHHOEe Ha
Ko3pdumueHT 0,9.

st ompeneneHUsT OTHECTOMKOCTM MOMEHT Mpu o00pa30oBaHUU
IUTaCTUYECKOro IIapHUpa B CepeguHe IIpoJlIeTa OIpenesissioT I10
dopmynam (5.9) u (5.10), B KOTOpPHIX BMECTO b - IIMPUHBI pebpa
IIOACTABIIAIOT b'f - IIMPUHY CXKATOM IIOJIKH.

Hepa3pe3HbIe H KOHCOJIbHbIE IUTHTHI

5.7. Hepa3pes3Hbie 1 KOHCOJIbHBIE IIJIMTHL UMEIOT MOMEHT Ha OIIOpe.
[I[py OOHOCTOPOHHEM OTHEBOM BO3OEWCTBUU CHHU3Y IIPOYHOCTH
OIIOPHOTO CeYeHUs CHHUXKAEeTCd B OCHOBHOM 3a CYeT Harpesa [0
BBICOKMX TeMIlepaTyp ciKaToro OeToHa U, BCJIEOCTBHE 3TOTO,
YMEHBIIEHUSI pacCyeTHOM BBICOTHI cedyeHus (puc. 5.5). PacuerHas
BbICOTA Ce4YeHUs yMeEeHbIIaeTCs Ha TOJIIMHY cjlosi OeToHa at,
IIPOTrPETOT0 A0 KPUTUYECKOU TeMIIePaTypPhl.

[
L]

. b=1000 _ 1 ;
M-— a _ﬂ// _dﬁ/ ]
Ba WM
R A’ ! |
>/./ [
u - [ fhe |
L | I
Puc. 5.5. CxeMa yCUJIUU U 3MI0pa HaAIPsSIKEeHUN B CEYEeHUH,
HOPMAaJIbHOM K IIPOMOOJIbHOM OCH XKejie300eTOHHOM 0aToYHOM U

KOHCOJIbHOM IITUT Ha OIlope, 060rpeBaeMol IIpu MoxKape C HUKHeHU
CTOPOHEI

h —q.'l-::il

[IpOYHOCTE OMOPHOTO CeYeHUs IIPHU HOPMATHUBHOUN HArpy3Ke W IIpH
OTHEBOM BO3OENCTBUU CHU3Y CIIEOYyeT OonpenensTs mo ¢opmynaM (5.10)
u (5.11), B koropwix (ho - 0,5x) 3amenstor Ha (hot - 0,5x), hot
BBIYUCJISIOT 110 opMmyJie (5.8).

32
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Insa nnmut u3 O0eToHa KiaccoB B30 um HHUXKe C HeHaIpsAraeMou
apMaTypoOMU, eCjiu IoJIydeHHOe U3 pacdeTa 1o ¢popmyie (5.9) 3HayeHUE
x > &¢Rh(Qt, monmycKaeTcsi NPOU3BOOUTH pacueT IO 3TUM ¢opMmyliaM,
IIPUHUMAas BBICOTY C3KaTOU 30HEL X = ERM(t.

IInuTHI 0€30a/I09YHOT O IMePEeKPBITUS IS MAJIOJ3TA2KHOI'O

CTPpOHUTE/IBCTBA

5.8. Tlpu OOHOCTOPOHHEM OTHEBOM BO3IOENUCTBHUU CHU3Y TMIJIUTHI
OTHECTOMKOCTbL 0e30a/lo4YHOTr0  KeJjie300€TOHHOTO  ITePEKPHITHUS,
00pa30BaHHOTO TJIAOKOW IIJINTOM, KOTOpasi XKEeCTKO COIPSraeTcs C
MMOOEePKUBAIOIIMMM €€  KOJIOHHaMH, OIIpenesifioT  MEeTOHOOM
IIpenesibHOTO PaBHOBECHUS IIPU pacyeTe NPOYHOCTH IUIUTHI Ha HU3I0M
TI0JIOCHI TTaHEeJIN BOOJIb UIU MOIEepPeK MOKPHITUS (puc. 5.6).

b)

i
—

Puc. 5.6. CxeMa U3jio0Ma CpegHEeN IOJIOCH (a) 1 U37I0Ma CMEKHBIX
naHeney (6) 6e30aT0YHOTO TEPEKPHITUSI

1 - OTpULlaTeJIbHBIE MIaPHUPHL; 2 - IOJIOKUTENbHBIE IITaPHUPHL; 3 -
CKBO3HBIE TPEUIUHEL; 4 - OCU HaJlOIIOPHBIX IIIapHUPOB

PacueTr Ha M3710M OTHEJIBHOU IIONIEPEYHOU UJIN IIPOLOJIBHOU IIOJIOCHI
IIaHelIu IPOU3BOOAT B IIPENNOJIOKEHUU, UYTO B paccMaTpuBaeMoOU
IoJIoce IlaHenel o0pa3yloTCs JMHEWHBbIe IIJIaCTUYeCKHe IIIapHUPHI,
rnapajijielibHble OCH 3TOW MOJIOCH: OOWH JIMHEWHBIM IIJIaCTUYECKUU
IIQPHUP B IIPOJIETE C PACKPBITUEM TPEIIVHEI CHU3Y IIJIUTHL U 110 OOHOMY
JIMHEWHOMY IJIaCTUYECKOMY IIIapHUPY Y KOJIOHH C PACKPLITUEM TPELIUH
CBepXy IUIUTHL. B KOHCOJIBHOM CBeCe IIJIUTH, BLICTYIIAIOIIEM 38 KpDaUHUU
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PO  KOJIOHH, TIIPUHMMAETCS, YTO IIJIaCTUYECKUN IIapHUP He
obpa3yeTcsi, ecnu cBec KOHconu He mpeswimaeT 0,251x. Ecnu cBec
KOHCONMM OO0JIbIlle, TO IIPOU3BOOSAT MHOIOIHUTEIbHBEIM pacyeT IIo
dopmymne (5.16) Ha HU37TOM IIITUTH KOHCOJIHX y KOJIOHH C oOpa30oBaHUEM
OOITOJTHUTEIbHOTO IIJIACTUYECKOT0 IIapHUpAa, IapajljieIbHOT0 Kpalo
mepekpeITusa. g KOHCTPYKIMNH, CUMMETPUYHBIX OTHOCHUTEIILHO
cepeduHbl pacCMaTPUBAEMOM ITOJIOCH], ITPOBEPKY IPOYHOCTU CPEOHUX
TTaHesied BeOyT U3 YCJIOBUS:

gl - 2
L it DﬁRm‘qﬂEI + Rmr‘qslzl + DjR.m'A;iz:ﬁ

(5.16)

rige g - UWHTEHCHUBHOCTb HOPMATHUBHOM  IIOCTOSSHHOM U
KPaTKOBPEMEHHOW  [JIUTEJIbHBIX HArpy30kK C  KO3(pPUIIUEeHTOM
Ieperpy3ku yf = 1, paBHOMEPHO pacCIpefesieHHEIX 10 Iojioce Ha 1 M*%;

[1, [2 - paccTosHMe MeXOy psagaM{d KOJIOHH B HallpaBJIEHUH,
MIEPIEHAUKYJISPHOM I10JI0Ce, U BOOIb pacCMaTpUBaeMOU II0OJIOCH (pHC.
5.6);

C - pacCTOsIHHEe KpalHUX IIJIaCTUYECKUX IIapHUPOB A0 OMMKaAUIINX K
HUM PSOOB KOJIOHH;

Asg1, A's] - miomlagb BEpPXHEW pacTAHYTOM apMaTyphl B JIEBOM U
IIPAaBOM OIIOPHBIX IJITACTUYECKUX IIapHUPax B Ipefenax OOHOU MaHeu;

As1l - mnomagb HHUXHEW pPacTAHYTOM apMmaTypbel B CpedHeM
IJTAaCTUYECKOM IITapHUPE;

ZI, 21, Z'[ - nyleYn BHYTPEeHHEN ITaphl CUI B JIEBOM, CPEOHEM U IIPaBOM
IJTAaCTUYECKUX IIIapHHPaX COOTBETCTBEHHO, KOTOPHIE OIPENENsIOT II0

dopmye:

zZi = ho -
0,5xij.
(5.17)

BrIcOTy cKaTOM 30HBLI B JIEBOM M ITPABOM OIIOPHBIX IIJTACTUYECKUX
IIapHUpPax ONpenesnsioT 1o GopMyTaM:
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Rmﬂj ' R‘m f
Xy =—I; .I'ff:—Aj‘r.

R&m‘fﬂ REJM‘EE
(5.18)

B ¢dopmyne (5.18) Rpnt onpepensaoT no ¢opmyne (2.1), npuHUMas
3HaYeHus ybt Mo Tabm. 2.2 B 3aBUCUMOCTH OT CpeOHel TeMIiepaTyphl
OeToHa cxkaToy¥ 30HHL. [[omycKaeTcs ybt NPUHUMATh PaBHBIM 1 IIpu
3aMeHe h(Q Ha h(Qt, KOTOpoe oImIpenensoT 1o gopmyne (5.8).

BricoTa cxKaTol 30HHI B CpeOHEM IMPOJIETHOM IIJIAaCTUYECKOM
IIapHUpPE paBHa:

Rm:r"qzl .
R&Ix’?ﬂ

i =

(5.19)

B dopmyne (5.19) Rsnt oupepensaioT mo popmyne (2.7), npuHUMas
3HAYEHUS st IO Tab. 2.8 B 3aBUCUMOCTH OT TeMIepaTyphl apMaTyphl
Ha YPOBHE €€ OCH.

TemnepaTypy 6eToHa M apMaTypHl OIIPENEesISiOT TeIlJIOTEXHUYEeCKUM
pacuyeToM misi TpeOyeMoro mpepejia OTHECTOMKOCTU (IPUIOKEeHUs A
u Bb). Eciu ycnoBue (5.16) BBIIONHSETCS, TO TpeOyeMbIli IIpefmert
OTHeCTOMKOCTU obOecnedyeH. CxXaTyl apmaTypy B IIJITaCTUYECKHUX
[IapHAPax He YYUTHIBAIOT.

[Ipy mnpuMeHEeHUU KBaOpaTHBIX HUJIU IIPAMOYTOJIBHBIX B IIJIaHE
KaIluTeJiel C HaKJIOHOM HU2KHeHU 4aCTH KaluTeJlnu He MeHee 4eM Ha 45°
pacyeT Ha M3JI0M IIaHejled IIPOU3BOOAT IPU PACIOJIOKEHUUN OIOPHBIX
[JIaCTUYECKUX IIapHUPOB 10 MECTY IepejioMa OYepTaHUus KaluTeJleu.

=k

[Ipu sToMm B popmyre (5.16) 3HaUyeHUE E roe lk - oJIMHa KalluTeslu.
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W3103)KeHHBI METOJl pacuyeTa OTHECTOMKOCTU IIJINT MOXKET OBITh
IIpUMEeHEeH K pacyeTy MOHOJIMTHOrO 0e30a/04YHOr0 IIePEeKPHITHUS,
IIpeACTaBAglIIero cob6oi MHOTOIPOJIETHYI0 IUIATY, OIEpPTyI0 Ha
IUTOIIaAKU KOJIOHH WU KamnuTeneu. [Ipu pacyeTe Ha U37I0M CMEKHBIX
IIIUT [PUHUMAIOT, YTO B UWX TIIpojieTax o00pa3yloTcs B3aWMHO
TepPIeHAUKYJISPHBIE TIPOJIETHRIE TIJTaCTUYECKHUE MapHUPH! (puc. 5.6, 6).
Kaxkpas nnuTa pa3genseTcs Ha YeThipe 3BeHa, BPalllaloInuXCs BOKPYT
OMOPHBIX TIIJIaCTUYECKUX IMapHUpPOB. OCH ONOPHBIX IIIapHUPOB
pacIoyioKeHbl B 30HE KOJIOHH Iof yrijioM 45°. HampaBineHUs OMOPHBIX
IJTaCTUYECKUX IIIapHUPOB IIOMAapHO IepeceKaloTCs C IIPOJIETHBIMU
IIapHUpaMud.  TpemmHBl  OIOPHBIX  MJAaCTUYECKHUX  IIIapHUPOB
PacKpBIBaAIOTCS BBEPXY, @ IMPOJIETHBIX - BHU3Y.

[[pyu KBagpaTHOM IIINTE, OOWHAKOBO apMHPOBAHHOM B [OBYX
HamOpaBieHUusx, korga I1 =12 =1, As1= As2 u Ast = A's] = Asi = A's]I,
ITPOBEPKY HECYyIlel CIIOCOOHOCTH IIIUTHI ONIPEIEesTIOT U3 YCIIOBUSI

3 3
il-%+ii M+ M,
8 ] ’ !

(5.19, a)

TIe C - KaTeT IPSMOYTOJIbHOTO TPEYyroJIbHUKA, OTJIaMEIBAIOIIETOCS
OT 4YeTBePTH IIJIUTHI IIOM KOJIOHHOM WM KalmuTenbio. Hecyyio
CIOCOOHOCTP TpPH  YCTAHOBJIEHHOM  IIpefielie  OTHECTOMKOCTHU
IIPUHUMAIOT 110 MEHBIIeH U3 Pa3pyILIaioniuX Harpy3o0K.

IInuTHI 0AJIOYHOT 0 MEPEKPHITUS

5.9. Ilpu 0OIHOCTOPOHHEM OTHEBOM BO3[OEUCTBUU CHU3Y IIE€PEKPHITUA
OTHECTOMKOCTD IIJIUT, pab0TaIoIINX B IBYX HAITPABIEHUSIX U MOHOJIMTHO
CBSI3aHHBIX C OajKaMM, OIIPEeNeNsioT KWHEeMaTU4YeCKUM CII0COO0M
MeTofa IpefenbHOro paBHOBecudA. [IpepnonaraioT, YTO ILIMTA
pa3jaMbIBaeTCsl Ha IIJIOCKUE 3BEHbSI, COefUHEHHBIe MeXay co0Oo# 1o
JIMHUSAM U3JIoMa [OjlacTU4YeCKuMu IIapHupamMu (puc. 5.7). Ilpu
paBHOMEPHO paclpefesieHHOM Harpy3ke ¥ HEU3MEeHHOM II0 [JIMHEe
[IpoJjieTa apMUPOBaHUU IIpefesl OTHECTOUKOCTHU IJIUTHL OIIPEnesiaioT U3
ypaBHEHUS

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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qu r I I s I T
ﬁ[zfg —LV M+ 2M, + 20+ 2M 2 M + 20,

3nech 11 u [2 - MEHBIIUM U OONBINI TPOJIETHI IIJIUTHI;

q - HOpPMaTHBHas IIOCTOsSTHHAaA JIHI/ITeJ'ébHaFI nu
PaBHOMEPHO pacCIipefesieHHasaA Harpy3Kad Ha 1 M“ IIJTATHL.

MOMEHTEHI B IIpoJieTe IIJIINThI

(5.20)

BpeMEHHaA

M= AR gz, My= 4R 2

MoMeHTH Ha OITIOpPax IIJIUTHI

(5.21)

HI B AJIRJHPZI; HE B HJERJHEZE'

(5.22)

‘H} - A;IRHJE}; Hjﬁ' - A;ERJHE‘Z}'

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Puc. 5.7. K pacueTy nnuThl, 3allleMJIEHHOU 10 KOHTYPY

a - CXeMa u3JIoMa IIJIUTHL; O - HalTpaBJIEHUS OeWCTBUS MPeaeTbHBIX
MOMEHTOB; 1-4 - HoMepa 3BeHbeB; 1', 2' - IIapHUPHI COOTBETCTBEHHO
ITPOJIETHHIE U OIIOPHBIE

rae As] - mollagb CeUYeHUs CTEPKHEU, ITepeceKalollnX IIPOoJieTHhIE
IJTaCTUYeCKUe MIapPHUPHL ¥ MTapajljieJIbHBIX KOPOTKOM CTOPOHE TIJIUTHI;

As2 - TO XKe, OIS CTepXKHeU, MOapallyleJIbHbIX OJIMHHOW CTOPOHE
TIJTUTHI;

As1 - momanb CedeHUs PaCTAHYTOM apMaTyphl, PacIiOIOKEeHHOU
BOOJIb IpoJieTa [2, B ceueHuu I-I;

A's] - mnomagb Ce4YeHUus pPacTAHYTOU apMaTyphl, PacCIIOIOKEHHOU
BOOJIb mIpoieTa [2, B ceuenuun I'-1';

AsgIr - TIOIIaAb CEeYeHHUs PacCTIHYTOM apMaTyphl, PacCIiOIOKEHHOU
BOOJb mpoiieTa [1 B ceuenuu II-II;

A'sII = njoilagb CeYeHUs PacTAHYTOM apMaTyphbl, PaCIIOI0KEHHOUN
BOOJIb IponieTa [1 B ceuenun II'-II';

Z1, z2 - TIJIeYn BHYTPEHHEU IIaphbl CHUJI B MPOJIETHBIX IJIaCTUYECKUX
IIapHUpaxX, BBIUHUCASIOTCS 10 ¢dopmyne (5.17), B KOTOpou X1

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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onpepnensdioT no dopmyne (5.19), a OIpu BHEIYUCIIEHUU X2 B (PopMyJie
(5.19) 3HaueHme Ag]l 3aMeHSIOT Ha As2, a BMeCTO 3HaueHus I[2
IIOOCTAaBIIAIOT 11;

zr, 2'I, zi, 2Z'II - 1njIe4Yu BHYTPEHHEU Ilapbl CUJI B OIOPHBIX
IJTaCTUYECKUX IIapHUpaX, BBYUCIAIOTCA 10 ¢opmyne (5.17), B
KOTOpOU X] u X' onpenensioT 1o ¢popmyne (5.18). [Tpu Beruucinesuu xJJ
u X'[] B dopmyie (5.18) 3HaueHUus Asy u A's] 3aMeHSIOT COOTBETCTBEHHO
Ha Agif 4 A's]I, a BMECTO 3HadeHus [2 ToaCcTaBasaioT 1.

[Ipu onpepesieHWU 3Ha4YeHUU As] U As2 CTEPXKHU, OTOTHYTHIE WJIU
oOOpBaHHLIE [0 TE€pecedYeHusi C TMPOJIETHLIMU IITapHUpPaAMHU, He
YUYUTHIBAIOT (puc. 5.8), a 060pBaHHbLIE WU OTOTHYTHIE TONBKO YV OJHOM
W3 OIOp ¥ IlepeceKawlue IIPOJIETHble MIapHUPHI OOHUM U3 KOHIIOB
BBOIST B pacyeT C IIOJIOBUHHOM IJIOMIAABIO.
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Puc. 5.8. K onpenenenuio As1 4 As2

1 - muHUS 00pBIBa UMK OTTUOa CTEPXKHEN; 2 - He YUUTHIBAEMEIE B
paboTe CTepKHU

r‘j\ PaszMeleHde peknakrsl B JOKYHEeHTaX M Ha caite www.complexdoc.ru
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I

Puc. 5.9. Bo3aMoxXHas cxemMa MU3JIoMa IJIUTH ITPU 00pBIBE UK OTTrube
apMaTypHl

Ecnmu apmatypy o0pwiBaloT (OoTru0airoT) Ha PaCCTOSHUU d] OT
OJIMHHOM U d2 OT KOPOTKOM CTOPOH, TO HEOOXOOMMO MOIIOTHUTEJILHO
BBITIOJITHUThL IIPOBEPKY II0 HECYIIeW CIOCOOHOCTM IIJIUTHI IIPU U3JIOME
10 cxeMe, IMOKa3aHHOM Ha pHC. 5.9. ITy HpPOBEPKY IIPOU3BOOAT U3
YCJIOBUS:

(5.23)

rge

M= Rogdiz g My =Rodze, A Ay IJIOmANK [OXOMSINEH [0 OIOop
4YaCTU pPacCTIHYTOM apmaTryphl, IapajUleJIbHOU COOTBETCTBEHHO
KOPOTKOU U OJIMHHOW CTOPOHAaM IIJIUTHI.

Ecimu ycmoBusi (5.20) unu (5.23) cobGmiomatoTcsi, TO TpeOyeMbIi
mpefes OTHECTOMKOCTH IIJIUTHL 0OeCIIeY€eH.

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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ITPUMEPBI PACYETA

IIpumep 1. [laHo. BajouHas IjiuTa IIE€PEKPHITUSA B MarasuHE;
BeICOTA INTUTHL h = 160 MM, mmpuHa b = 1200 MM, gnuHa [ = 5500 MM;
06eToH Tsaxkenw Kitacca B25; Rpn = 18,5 MIla; apmaTtypa kimacca A400
J16; Rsn = 400 MIla; 3amuTHBIM cjioi 6eToHa 15 MM; HOpMaTHUBHAsA
IIOCTOSTHHAA U BpeMeHHas [OJIMTeJIbHOAenCTBYolasa Harpy3ka 6500 Ila.

s TPEX3TaxKHOT' O Mara3nuHa C MJI0IaabIo MeXOy
MIPOTHUBOIIOXKAPHBIMU cTeHaMu 2500 M? mo Tabn. 3 CHuIl 2.08.02
HaxoouM [ m II cTemeHm oOrHecToOMKOCTH 3maHusg. Kak HaubOoiee
O6e3omacHy0 npuHuMaeM [ cTeneHb orHecTOuMKoCTH. [1o Tabn. 1.1 gnsa
I cTemeHU OrHECTOMKOCTU 3HOaHUA YCTaHaBIWBaeM [JIAd IIJIUT
MeXOy3TaKHbIX IIepeKpPLITUM npenesnbl orHecToukocTtu REI 60.

Tpebyemcs ompenenuTh IIPeaenbl OTHECTOMKOCTH Kele300eTOHHOM
IIJTUTHL IIEPEKPHITHUS.

Pacuer. I[IoCcKONIBKY BUI 3aIlOJIHUTEJII He yKa3aH, TO IpUHUMaeM
0eToH C OOJbIlIeN TEMmJIONPOBOOHOCTbI0O - OETOH C CHUJIMKATHHIM
3aIl0JTHUTEJIEM.

PacueTHBIM MPOJIET MJIUTHI NPU OIHMPAHUU Ha KHUPIHUYHYIO CTEHY
rnyounoi Is = 0,13 M paBeH

Ilo=1-4/31s=5,5-4/3-0,13 = 5,33 m.
MOMEHT B IIPOJIETE IJIUTH IPU HAarpy3Ke Ha 1 M [IUHEBI

q = 6500-1,2 = 7800 ITa = 7,8 kH/Mm;

_gq'ly 78533
8

M =277 m

[Inoutagk cedyeHUsS apMaTyphl B mposiete As = 6016 = 1206 MMZ.
BricoTa ckaToi 30HH (hopMmyna 5.9) Ipu OOMHOYHOM apMHUPOBAHUN

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Ry _ 4001206 .,
R 1851200

Pabouasi BricOTa cedyeHus nmpu a = 15 + 0,5ds = 15 + 8 = 23 MM
paBHa

ho=h-a=160-23 =137 mm.

Kputudeckoe  3HaueHHe  Ko3pduilMeHTa  yCJIOBUS  paboTHI
pacTaHYTOU apMaTyphl onpenesnseM 1o ¢opmye (5.12)

. 27700000
T 40001206(137 - 0,5 22)

?

[To Tabmn. 2.8 pna apmartypel kKimacca A400, wucoonb3ys
WHTEPIIOJIANI0, HaXOOUM

o =5DD+LD’§-IDD=56[]"C.

? ?

[Ipepen OrHECTOUMKOCTHU IIJIMTHL HAaXOOWM II0 pUC. A2 TPUIOXKEHUS
A. Ins onauTel BeICOTOM 160 MM Ha BEPTHKAJIBHOM OCH HaXOOUM
TeMIlepaTypy HarpeBa apMaTtyphl 560 °C ¥ IpoBOOYM IrOPU30HTAJIBHYIO
MIPSIMYIO [0 IIepecedyeHusi C KPUBOM HarpeBa OeTOHA Ha PACCTOSTHUM
OT OCH apMaTyphl OO HarpeBaeMou rpaHu a = 23 MM. W3 TOoUkm
repecedyeHus MPSIMOU W KPUBOU IIPOBOAUM BEPTUKAIbHYIO JIMHUIO OO
IIepecedyeHul C OCbhbI0 [JIUTEJIbHOCTH CTaHOapTHOIO IoXapa U
onpepnessieM npemaes OTHECTOMKOCTH 110 IOTePe HeCyIlel ClIoCOOHOCTH,
KOTOPHIM paBeH 90 MuH. OTOT TIIpemen OTHECTOMKOCTU OoJbIle
Tpebyemoro R60.

42
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[Ipegen OTrHECTOMKOCTH MAWTHEI MO MOTEPE TENIOU30JIUPYIOIIen
criocoOHOCTH ompenesnseM 1o puc. 4.1. ITpu TonmuHe nauTel 160 MM,
M3TOTOBJIEHHON M3 TsKeJioro 0eTOHa Ha CHJIMKATHOM 3allOJTHUTEIe,
Ipenesl OTHECTOMKOCTH cocTaBuil 220 MHH, YTO 3HAYUTEJILHO OOJIbIIIe
YCTAHOBIIEHHOTO Ipefdena orHectoukoctu E60. PacueT mOnuUTH 1O
IIoTepe CHIOoIIHOCTHU cM. [Ipumep 17.

IIpumep 2. JlaHo. KoHCoOnbHas MANTa IOKPHITHUS aBTOCTOSHKH;
BeIcOTa IIUTHL h = 200 MM, BeIIeT KoHconu 4,0 M; 6eToH Kiacca B20;
Rpn = 15,0 MIlIa; apmatypa knacca A300; Rsp = 300 MIla; 3amuTHbIN
ciou OeToHa 25 MM; HOpPMATHUBHAS IIOCTOSTHHAS U BpeMeHHasd
onuTenbHas Harpy3ka 6200 ITa Ha 1 M2,

II71s1 aBTOCTOSIHKHM OTKPBLITOTO THINAa HAA3EMHOM C HaWOOJbIIEH
IJIOIIaAbI0 MeXKOy IMPOTUBOIIOXKAapHBEIMU cTeHamMu 4000 M2 1o Tabm. 3
MI'CH 5.01 mHaxomuMm I u Il ctemeHu orHectoukocTu. [IpmHuMaeM I
CTeleHb OrHeCTOMKOCTH. [To Tabdn. 1.1 mna I crenneHu OrHECTOMKOCTH
30aHus yCTaHaBIMBaeM [Jis IIJIUTHL IIOKPBITUS Ipeaesl OTHECTOUKOCTHU
RE 30.

Tpebyemcs ompenenuTh MIPeaenbl OTHECTOMKOCTH Kene300eTOHHOM
KOHCOJIbHOM TIJIUTHI TOKPBITHU .

Pacuyer. Tak KakK KOHCOJIbHasi MOHOJIUTHas IJIUTa COegUuHeHa C
OIMOpPHOM OanKoM M OPYrou IIUTOM, TO Haubojiee OIacHOEe - OIOPHOEe
cedyeHne. PacueT KOHCOJIbLHOM IIJIMTH BedeM Ha 1 M OJIMHBI OIIOPHOTO
ceuyeHusi. HauOombIIM#i MOMEHT B OIIOPHOM CEeYEeHUU TMJIUTHI OT
HOpMaTUBHOU Harpy3ku q = 6200 Ila = 6,2 kH/M onpepensiemM 1o

dbopmyne

a2 42
Mx=£=6’224 =496 ¥l m

[Inoutage apMaTypsl Ha 1 M KOHCcONHU 60016 - As = 1206 MM2,

PaccTossHMe OT BepxXHeU rpaHM IIJIMTHI 0O OCU apMaTyphl a = 25 + 8
= 33 MM.

PacueT BemeM M0 IPUBEIEHHOMY cedeHHI0 0e3 ydeTa OeTOHa,
IIPOTPETOr0 BBHIINIE KPUTHUYECKOW TeMIIepaTyphl, HarpeBaeMoro OT

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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OTHEBOTO BO3[EWCTBUS CHM3y MNNIUTH. KpuTHWdyeckas TemmepaTrypa
0etoHa Ha KapOoHaTHoOM 11ebHe 600 °C (m. 1.21). ITo pmc. A.4
npuaoxenuss A pmsa nauTel BeicoTOoM 200 MM M OJIUTENIBHOCTBIO
cTaHpmapTHOro mnoxapa 30 MuH TaXenwlr 6eToH ts,cr = 600 °C
IIporpeeTcs Ha at = 4 MM.

[TpuBemeHHasi paboyasi BLICOTA CeYEHUs OIpenensieTcss mo GopMmye
(5.8)

hot=h-a-at=200-33-4 =163 MMm.

BZBICOTa cxkaTou 30HH (bopmyna 5.9) npu Rsp = 300 MIla = 300 H/
MM

_ 300-1206 _

s — M.
151000
OnopHoe ceudeHUe BhHIIepXKUBaeT MOMeHT (dopmyna 5.10) npwu
CTAHOapTHOM II0XKape C HUXKHEU CTOPOHBI IJIUTH OJIUTEIbHOCTHI0 30
MUH.

M =15-1000-24 (163 - 0,5-24) = 54,2 kH'Mm > 49,6 kH-M™m.

OmopHOe ceudyeHME KOHCOJIBHOM IJIUTHL BBIOEPXKUBaAeT MOMEHT 54,2
KHM, koTOpOoe 60bIlle MOMEHTa OT HOPMaTUBHOM Harpy3ku 49,6 kH-M,
U IIIUuTa obecnedyrBaeT YCTAHOBIEHHHIM Ipenesl OrHECTOMKOCTH II0
rmoTepe HecyiIlel cnocobHocTtu R30.

[Ipepmen OTHECTOUKOCTH 1o rnorepe TENJIOU30JINPYIOILIen
crmocoOHOCTM omnpepgensieM 1o puc. 4.1. TIlpu [JIUTEIBbHOCTHU
CTaHOapTHOro moxapa 30 MHWH IIIMTa U3 TAXejaoro OeToHa Ha
KapOOHATHOM 3allOJIHUTEJIE BEICOTOM 42 MM yKe o0eclieurBaeT IIpefert
oruectoiikoctu E30, a nnuTa BeicoTot 200 MM TeM Ooriee.

IIpumep 3. [JaHo. MHOTOIIyCTOTHas NJIATA IIE€PEKPHITHS; BHICOTA
wuThl h = 220 MM, mupuHa b = 1190 mMm u gnuHa [ = 5080 MM; OeToH
kiacca B20; Rpn = 15,0 Mlla; pactaHyTtas apMmaTtypa Kiacca B500
7012; Rsw = 300 MIlIa; Rs = 500 MIla; Rsc = 360 MIlla; 3amuTHBINT
cinoui OetoHa 20 ™MM; HOpPMaATUBHAsA BpeMeHHass U IIOCTOSTHHAA
OJIUTEJIbHO OeUCTBYyIolas Harpy3ka 7500 Ila.

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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MHOromnycToTHas IJInTa YCTaHABJIMBAETCS B XKUJIOM 30aHUU BB ICOTOU
28 M mpu HauOOJIBILIEN IIIOLIAAX MOXKAPHOTO OTCeKa 3Ttaxka 2200 m~,
KJIaCcC KOHCTPYKTHUBHOM ITOKapHOU omacHocTu 3manHus Cl. ITo Tabr.
7.1 CHull 31-01 ycTaHaBiIMBaeM CTEIEeHb OTHECTOMKOCTU He MeHee
II. Ons II cremeHW OTHECTOMKOCTH 3OaHUSA mo Tabm. 1.1 mas mIjauT
MEeXIOY3TaXKHbBIX II€PEKPBITUN IIPUHUMAaEM Ipenesl orHecToukoctu REI

45.

Tpebyemca onpemenuTb pacdeToM oOecIedeHusI MHOTI'OIyCTOTHOMU
IIJINTOU IEPEKPLITUS IIpefeia oruecToukocTu REI 45.
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Puc. 5.10. K npumepy 3. TeMmnepaTypsl IIporpeBa 6eToHa Ha
KapOoOHAaTHOM 3aIlOJIHUTEJIE B MHOTOIIyCTOTHOM IIIUTE BhICOTOM 220
MM [IpU OJIUTEJIBHOCTH CTaHOApPTHOrO moxapa:

1 -45 muH; 2 - 60 MuH. [1719 MHOTOYCTOTHBIX IIJIUT U3 O€eTOHA Ha
CUJIMKATHOM 3allOJIHUTEeJIe TeMIIepaTypy YMHOXKalT Ha 1,1; 3 - och
apMaTyphl

Pacuer. [l71g9 onpegeneHuss TeMIepaTypbl HarpesBa OCU pPacCTAHYTOU
apMaTypbl OBITM KMCIIOIb30BaHbl pPaCYeThl TEMIIEPATYP, BHIIIOITHEHHBIE
A.A. 4dxoBneBHIM [OJI1 MHOTONYCTOTHHIX MNJUT U3 OeTOHa Ha
kKapOboHaTHOM 3amonHHTene (puc. 5.10). IIpu [OJIUTENIBHOCTHU
CTaHOApPTHOTrO MmoxXapa 45 MHH ¥ pPacCTOSHHUU OCH apMaTyphbl OT
HarpeBaemMou rpauu a = 20 + 6 = 26 MM TeMmmnepaTypa HarpeBa OCH

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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apMmatypbl coctaBuT 370 °C. Ilo Tabn. 2.8 HaxomuM KO3(hHUIHMEHT
yCJ10BUSI paboThl apMaTypH! yYst paBHbIH 0,89.

711 pacyeTa NPOYHOCTU MHOTOIIYCTOTHOU IJIUTHI CE€UYEHUE IIJIUTHI
IIPUBOAMM K TaBPOBOMY BEICOTOM h = 220 MM, IIMPUHOHA MOJIKU b'f =
1190 MM, muprHOU pebpa 195 MM U TONILKMHON CXKaToH Imonku h'f = 30
MM.

OmpepensgeM rpaHHUIy CXKaTOu 30HbI u3 ycnosusa (5.24). Ilnomagb
paCTﬂHyTOH apMaTyphl Ag = 792 MM . ITlnomtags cxkaTtou apMaTyphl A's
= 87,9 mM“. HaxonuMm JieByI0 4acTh ycioBusa (5.24), npurumMaem 500
MIla = 500 H/mm>.

Rsn yst-As = 500-0,89-792 = 352 kH.
[IpaBas 4acTh ycnoBusa (5.24)
Rpnb'f -h'f + Rsc:'A's = 15-1190-30 + 360-87,9 = 577 kH > 352 kH.
YcnoBust (5.24) coGmogaloTCs W BBICOTA CXKATOM 30HBI IIPOXOMOUT B

nosike. PacyeT mMpOYHOCTHU MJIUTH IIpou3BOAUM 10 popmynam (5.10) u
(5.11), mpunumasas b = b'fu h0 = h -a = 220 - 26 = 194 mmM.

BricoTa cxKaTou 30HEBI

_ 200-0,88-792-360-879
151190

=18 nm

[IposieTHOE cCceyeHHWEe MHOIOIIYCTOTHOU IUJIMTHEL IIpU IoXKape
OJIUTEJIBHOCTBIO 45 MUH BHIIepXKUBaeT MOMEHT

M =15-1190-18 (194 - 0,5:18) = 59,7 kH-Mm.
PacyeTHBIN IPOJIET MJIUTHL IPU I'TyOuHe onupanus 180 MM
Io = 5,98 - 4/3-:0,18 = 5,74 m.

HopmaTtuBHas Harpy3ka Ha 1 M gnusbl oautel ¢ = 7500-1,2 = 9000
[Ia = 9000 H/m = 9 kH/m.

M3rubarmiynii MOMEHT OT HOPMaTHUBHOU Harpy3Ku

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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_9574

M

]

=37k m< 087l m

¥ TIpeldesl OTHEeCTOMKOCTH II0 IIoTepe Hecyed cmocobHocTu R45
obecIieueH.

[TpoBepKa MHOTOIIyCTOTHOM IIJIUTHI B OITACHOM HaKJIOHHOM CEeYeHUU
BBITIOJTHSIETCS 110 opmyie (5.14), B KoTopou ycunue Ns B aHKepPYIOIeM
CcTepxKHe onpepenseTcs Mo gopmyre (5.15).

B aTux ¢popmynax:

IIns apmatypsl kiacca B500 n1 = 2,0 u aa = 1,0, Tak KakKk HeT
OOTIOTHUTEIbHBIX aHKEePYIOIIUX YCTPONCTB.

PaccTosinue oT KOHIIa aHKePYIOIIEero CTEPXKHA oo
paccMaTpUBaeMOro IIOMEPEeYHOr0 CeYeHUs IIIUTHI, IPUHMMAeMoro 3a
OJIMHY aHKepoBKU Is = 15ds = 15-12 = 180 MmM. [InmHa OPOEKLUHN
HAKJIOHHOM TPEeUIuHE ¢ = hQ = 194 MM.

[TepuMeTp MOIIEPEYHOI0 CeYeHUsI aHKEePYIOLIero CTEpXKHS Us = IIds
= 3,14-12 = 38 mm.

PaccrosHue Mmexay xomyTtamMu Sy =100 mMm.

TemnepaTtypa apMaTypbl B 30HE aHKEPOBKM IpPH ONUPaAHUU Ha
KUpnuyHyioo creny ts = 0,8-:370 = 300 °C. [Ipu sTou TeMmepaTtype II0
Tabn. 2.8 gnsa apmatypsl Knacca B500 yst = 0,9. IIpouHocTh 6eToHa
Ha pacTsXkKeHHe B 30He aHKEPOBKHU OIpeaesnsioT mo dopmyne (2.4),
B KOTOpPOM KO3(hGUIIMEHT ycrnoBUs paboThl OeTOHa Ha pacTsIKeHUue
IMPUHUMAaEM I10 Tabn. 2.2 - yir = 0,47.

Rptnt = 1,35-0,47 = 0,63 MlIla.

Ycunue B aHkepymwmem crepxkae N= 2,0-0,63-180-38/1,0 = 10773 H
< 500-0,9-113,1 = 50900 H.

MoMeHT, BOCIIPUHUMaeMbIA MIPOOOIBHOU apMaTypou,
repecekawlinell pPacTIHYTYI0 30HY HAKJIOHHOTO CeYeHHs, COTJIacHO
(5.14) paBen

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
47

 Ten.: +7 (495) 506-71-51, +7 (495) 506-78-57,



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

M =0,9-10773-194 + 0,5-300-0,9-12,6-1942/100 = 2,48 kH-M.

MowmeHT, BOCIIPUHUMaeMBbIU IIPOLOJILHOMN apMaTypou,
Iepecekawllel HaKJIOHHOe cedyeHue (puc. 5.26), OoT HOpPMaTUBHOU
Harpy3Ku

M:@,_ﬁ
2 ; B aToM popmyne y - 0,5Is + ¢ = 0,5-180 + 194 = 284 mm.

, 2
M=25,8'0,284—ﬂ=?,l—ﬂ,36=6,?4 vH m< 248 7=174H n

PacyeToM ycTaHOBIEHO, 4YTO TpPHU CTaHOAPTHOM MOXKape
OJIATENbHOCTHIO 45 MMH MHOTOIIYCTOTHAs IJINTa B CEpeduHe IIpojeTa
BhIgepxKUBaeT MoMeHT 59,7 KH'M u B 30He aHKepoBku 17,4 kH-M,
KOTOpHIe OOJibllle MOMEHTOB OT HOPMAaTUBHOM HArpy3KU. IJTO 3HAYMUT,
YTO MHOTOIIYCTOTHAs IJIMTa oOecliednBaeT IIpeael OTHECTOMKOCTHU I10
IoTepe Hecylllelu cnocobHocTu R45.

M3 KpuUBHIX IIporpeBa O0€TOHa MHOTOIIYCTOTHBIX IIJIMT BUOHO, YTO
TeMIlepaTypa 0eTOoHa Ha XOJIOOHOW HeHarpeBaeMoOl TpaHU HIIUTH 35
°C. 9TO MeHbIIIe JOIIyCTUMOM TeMmepaTyphl ImporpeBa 6etoHa 160 °C.
Takum obpa3owm, npene’t OTHECTOUKOCTH o rnorepe
TeIlJIoOnu30Jupyiomen crnocodbHoctu E45 obecmeyeH.

PacueT o noTtepe canomHocTH I cM. B mpumepe 17.
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B cnydyae mpuMeHeHHs TIpeOBapUTEIbHO HAIIPSIXKEHHOU apMaTyphl
npu HarpeBe ee pgo 370 °C mnpou3doumeTr MOOJHasA MOOTeps
IIpeaBapuTEeIbHOTO HampsxkeHus. [103ToMy HeOoOXOOUMO YBEJIHUYUTH
TONIIMHY 3aIllUTHOTO CcJios OeTOHa.

IIpumep 4. IlaHo. 2Kemne300eTOHHAs IIJINTa IIE€PEKPHITHS; BLICOTA
mauTel h = 200 MM; MOHOJNIMTHO ONMPAETCsS Ha xkene300eTOHHEBIE
KOJIOHHHEI ceyeHreM 600x600 mM; paccTossHUEe MexXkAy KoinoHHaMmu 7,0
M; 6eToH Knacca B25; Rpn = 18,5 MIla; apmaTtypa knacca A400; Rsp =
400 MIla; Bepxusasa apmatypa @12 c marom 200 MM; HUXKHSSA apMaTypa
J16 ¢ marom 200 MM; apMaTypa yJIOXK€eHa B OBYX HalpaBJIEHUAX II0
BCEU IIJIOIIAAX TJIUTHI; 3alIUTHBIA CJI0OM OeTOHa HUXKHEW apMaTyphl
25 MM, BepxHeM - 22 MM; HOpPMaTHBHas IIOCTOSHHAs M BpeMeHHas
OJIUTEIbHO OercTBYyIoIas Harpy3ka 7000 Ila.

Tpebyemcs ompeOenuTh  pacuyeToM  obOecledyeHue  IJIUTOH
IIEPEKPHITUS YCTAHOBIIEHHOTO IIpedejia OTHECTOMKOCTH TII0 IIOTEpe
HecyIel cnocobnoctu R150.

Pacuer. [InuTy nepekprITUSI PacCYUTEIBAEM METOAOM IIpPEemelbHOr0
PaBHOBeCHS Ha M3JIOM IIOJIOCH MaHeJlel molepek mposeTta [1 (puc. 5.6,
a) ¢ oobpa3oBaHUEM MJIACTUYECKUX IIAaPHUPOB Y OIIOP Ha PACCTOSTHUU C
= (0,3 M u B cepenuHe nposeTa [1. [I719 CUMMETPUYHBLIX OTHOCUTEILHO
CBOEHM CepeluHBl IIOJI0C HECYIYyI0 CIOCOOHOCTh IIJIMTHI ITPOBEPSIEM U3
ycnoBud (5.16).

Pabouast BbICOTa ceueHus NIUTH B rtponete hQl = 200 - 25 -8 = 167
MM; Ha onopax hgl = h'o] = 200-22-6 = 172 MmMm.

[Ipru pIUTENBbHOCTH CTaHOapTHOro Ioxapa 150 w™MwuH, paBHOU
YyCTaQHOBJIEHHOMY Iipefesly orHecToukoctu R150, mo mpumnoxeHuio A
(puc. A.2) HaxoOguM TeMIIEpaTypy IIporpeBa TsKejnoro OeToHa Ha
CUNIMKaTHOM 3arnojHutesie (puc. 5.11). B nmposneTe npu pacCTOSHUM OT
OCH HHUXKHEU apMaTyphl O HarpeBaeMou rpasu 25+8 = 33 Mm ts = 630
°Cu yst = 0,33 (Tabn. 2.8).

Ha omopax cpenmHssi TemIepaTrypa OeTOHa CXaTOM  30HEHI
npuHuMaeTcsa Ha pacctosHuu 0,1 hQ ot HarpeBaemou rpauu 0,10-172
=17 mm, tp = 800 °C u ypt = 0,1 (Tabn. 2.2).

[Tnomanbk cedyeHUus1 HUXKHEU apMaTyEH Ha 1 m gnuHB Asl = 1005
MM“; BepxXHeu apMaTypsl As] = 565 MM~.

[Inoutagp HUXKHEW  apMaTyphl, IepeceKawlleld  IIPOJIETHHIU
IjacTU4YeCcKuu mapHup, Asl = 565-7 = 3955 mm~.
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BricoTa cxXKaToi 30HBI B CpeOHEM IIPOJIETHOM MJIaCTUYECKOM
mapHupe (popmyna 5.19) paBHa

Rty 4000337035 .
YOR 18,5+ 7000

[Ineyo BHyTpeHHeU napkl cunl (popmyna 5.17) - zs1 = hQ1 - 0,5x1 =
167 -0,5-7,2 = 163 mmMm.

[IponeTHsid MOMeHT (popmyna 5.21) nmpu 400 MIla = 400 H/mm?.

M= AR Az, =T0354001033163=151 il 'ut

BricoTa cCKaTOM 30HHI B OMNOPHBIX IIJTaCTUYECKUX IIIapHUPax
(hopmyna 5.18) paBHa

_ R4 400+ 35955

sl =

77 19501 7000
i ol =

MIL

[Imeyo BHYTPEHHEMN Haphl CUJI B OIIOPHOM IIJTAaCTUYECKOM IIapHUPE -
zs1 = hor - 0,5xy = 172-0,5-12= 166 mMmMm.

OnOpHBIY MOMEHT B IIJIaCTUYECKOM HIapHUPE
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HI=E}=R5::A

5

2,,=400:3955163=263 H 't

N3 ycnoBus (5.16) MOMEHT OT BHEIITHEU HOPMaTUBHOW HaArpy3KH IIPU
q = 7000 ITa = 7000 H/m

abll - 2cf 7000707 -2:03f
g

=251l m

r '
CYMMa MOMEHTOB OT BHy'TpeHHI/IX YCI/IHI/Iﬁ Inipu MI B MI

DM =M+ M, =1514263=414 H u > 251w

YcnoBue (5.16) BHIONMHSETCSI U XKejle300eTOHHAsT  IIJIUTA
obecrieyunBaeT TIIpefesl OTHECTOMKOCTH II0 II0Tepe  Hecylleun
cnoco6HOoCcTH R150.

B toMm ClIy4dae, €eClIi PaCCTOsHHuA MeXOy OCAMH KOJIOHH 11 u I2
HeOOMHAKOBBIE, PpPacCdYeT Ha HN3JIOM IIOJIOCEI IIPOMU3BOOAT HOBAXKIEHI,
IMIPUHKUMAs COOTBETCTBYIOIINME 3HAYEHUA 11 nl2.

Kpome Toro, mpoBepKa HecCylllel CIIOCOOHOCTHU MIJIUTHI IPOU3BOAUTCS
nu3 vycnoBusa (5.19, a). Ilpu KBagpaTHOUW IIaHEJIM, OOUHAKOBO
apMHPOBaHHOU B OBYX HallpaBJieHusaX, Korga l1 =12 =1, ¢ = 0,6 M, Asl
= As2 u As] = AsI] MOMEHT OT BHEIIIHEN HOPMaTUBHOU Harpy3Ku paBeH

H e A3 3
Al ol A [Ty 00  AOET o0 vl < 414 BT m
g 13|17 g 7 3|7
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Ycnosue (5.19, a) BHIIOOJHAETCS W IIINTA oOecleYyuBaeT
YCTAHOBJIEHHBIM IIpefesl OrHEeCTOUKOCTH IO II0OTepe Hecylleu
criocobuOCcTH R150.

IIpumep 5. IlaHo. 2Kemne300eTOHHAS IIJINTa IIE€PEKPHITHS; BLICOTA
auTel h = 200 MM; MOHOJIMTHO OIIMPAETCS Ha KeJjlie300eTOHHBIE CTEHEI
tonmuHor 300 mMMm; GeToH Kmacca B25; Rpn = 18,5 MIla; apmartypa
kKiacca A500; Rsp = 500 MIla; Bepxusasa apMmartypa @12 c¢ marom 300
MM yJIOK€Ha B OBYX HaIlpaBJIEHUSAX [10 BCEU MJIOLMIAAHU IIJINTHI; HUXKHAA
apMmatypa 914 c marom 150 MM, 50 % apMaTyphsl OOpHEIBaeTCsI B OOQHOM
4YeTBEPTHU IIPOJieTa; MPOJIETHl IIJIMTEL B OCSIX - KOPOTKOW CTOPOHH [1
= 7,2 M, OJJUHHOW CTOPOHHI [2 = 9,7 M; TOINIMHA 3alIUTHOTO CJIOA
6etoHa 20 MM; HOpMaTHUBHasT BpeMeHHasd U TMOCTOSHHAS OJIUTEJIbHO
mencTBytollasa Harpy3ka q = 10000 Ila.

Tpebyemcs ompeOenuTh  pacuyeToM  obOecledyeHue  IJIUTOH
IIEPEKPHITUS YCTAHOBIIEHHOTO IIpedejia OTHECTOMKOCTH TII0 IIOTEpe
HecyIel cnocobnoctu R150.

PacueTt. PacueTHbIEe ITPOJIETHI IIJIUTHI TP MOHOJIMTHOM ONMPAHUU Ha
ctedrl 11 =7,2-0,3=6,9Mm,12=9,7-0,3=9,4 M.

HuxxHIOI0 apMaTypy OOpBIBAalOT HAa PACCTOSTHUM OT OJIMHHOM CTOPOHEBI
al =12/4 =6,9/4 = 1,73 M, OT KOPOTKOH CTOPOHEHI a2 = I2/4 = 9,4/4 =
2,35 M.

OTHoOlleHWEe CTOPOHBI mnuthl [2/11 = 9,4/6,9 = 1,36 - nauTa
paccumuThIBaeTCsa KakK paboTarlasi B OBYX HaIIpaBlIeHUsix. Pabouas
BLICOTA CeYeHMs IIJINTH: B HampaBjieHuu [1 B mponete hol = 200 -
20 - 7 = 173 MmM; Ha onopax hQI = h'ol = 200 - 20 - 6 = 174 MMm; B
HanpaBieHuu [2 B nposnete hg2 = 200 - 20 - 14 - 7 = 159 MmmM; Ha ommopax
horr = h'orr = 200-20-12 -6 = 162 MMm.

[Ipru p@IUTENBbHOCTH CTaHOapTHOro Ioxapa 150 w™MuH, paBHOU
YCTaHOBJIEHHOMY IHpeneny orHecToukocTtu R150, 1o mpunoxeHuio A,
puc. A.2, HaXoOUM TeMIlepaTyphl IIporpeBa OeTOHA U apMaTyphl OIS
ruThl h = 200 MM 3 6eTOHA Ha CUJIMKATHOM 3aroyHuTtese (puc. 5.11).

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Puc. 5.11. K npumepy 4. TemnepaTypsl ITporpeBa 6eToHa Ha
CUJINKATHOM 3allOJIHUTeJIie B IIuTe BeicoTou 200 MM nipu
OJIUTEJIbHOCTU CTaHOAapTHOTrO moxapa 150 muH. Ocu apMmatypsl: 1 -
pacTaAHyTOU; 2 - CKaTou

3HaueHue KoapduimeHTa ycmnoBus pabOTH PAaCTIHYTOM apMaTyphl
Yst IpUHUMaeM 10 Tabn. 2.8 B 3aBUCUMOCTH OT TeMIlepaTyphl OCH
CTEPKHS, KOTOpasi NPUHUMAETCS paBHOU TeMmIiiepatype OeToHa (puc.
5.11). Tlpm paccTogHUU OCHU HUXKHEU apmartypel 1-ro psga [Oo
HarpeBaeMou rpasu 27 mm tsl = 675 °C u yst = 0,23; gna 2-ro psaga
apmatypbl npu 41 MM ts2 = 540 °C u yst = 0,42. g BepxHeU
apmatyphsl 1-ro psapga ts; = 60 °C yst = 1,0; gns BToporo psga tsir = 75
°Cu Vst = 1,0

CpenHiolo TeMIlepaTypy OeTOHa CXKaTOW 30HBI, PACIIOJIOKEHHOHU Yy
HarpeBaeMoOU I'PpaHU CeYeHU s, IONMyCKaeTCs IPUHUMAaTh Ha PaCCTOSTHUU
0,10hQp ot aToit rpaHu (cM. m. 5.1). CpenHsigs TemnepaTrypa OeToHa
CKaTOHU 30HHI B HanpaBJieHusx [1 u [2 Ha pacctosuuu 0,1-170 = 17 Mmm;
o puc. 5.11 tpm = 780 °C u o Tabn. 2.2 ypt = 0,12.

OO6m1as rIomanb ceuyeHus: crepxkuenr J14 MM ¢ marom 150 Mm,
IepeceKawIuX IIJlaCTUYeCKue IIapHUPLI B IIPOJIEeTE U IapalljieIbHbIX
KOPOTKOM CTOPOHE ILINTHL /1 paBHa
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A4, =9400:150+153.9 = 9644 e’

To Xxke, ¥ mapansenbHble QJIMHHON CTOPOHE IIINUTHI [2 ¢ maroMm 150 MM

A, =6900:150°153,9 =7079 mu’

OOmIas mioiagb CeYeHUs PacTIHYTOM apMaTyphl J12 MM C marom
300 MM, T1epecekawllled OIOpPHBIE IIJIaCTUYECKUE IIapHUPHL B
ceueHusx [-I u I'-I' u mapasnnenbHON KOPOTKOX CTOPOHE IIUTH []1 (puc.
5.7), paBHa

Asr = A'st = 9400 : 300-113,1 = 3544 MM,

To ke, B ceuenusx II-II u II'-II' u nmapannenbHOU OJIMHHOU CTOPOHE
IIJIATHI

Asit = A'sit = 6900 : 300-113,1 = 2601 MM2.

BricoTa cxXKaTOW 30HBI M IIJIEYO BHYTPEHHEU Iapbl B IIPOJIETHBIX
IJIaCTUYECKUX LIapHUpax, rmapasjie/ibHbBIX KOPOTKOU CTOPOHE IIJIUThI

_Rybedy 5001023964

TR 1850 6900

DML

Z1 = ho1-0,5x1 =173-0,5-8,7 = 169 mMm.

To XKe, mapasjieTbHbIX OJIMHHOW CTOPOHE IIJIUTHI
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_500:042-7079 .

Xy )

18,5 2400

z2 = hp2 - 0,5x2 = 159 - 0,5-8,5 = 154,8 mm.

BricoTa cxXaTol 30HBI B OIIOPHBIX IIJIAaCTUYECKUX IIapHUpPax B
ceuenusx I-I1 u I'-I', mapannenbHBIX KOPOTKOU CTOPOHE MIIUTHI

,_ Ry, _ 50003544

sut 5T

Xp=x; =115 mm.
Ry 185°0,12-6500

z1=2'1=174-0,5-115 =116 mm.

To xe, B ceyenusax II-II u II'-II' u mapannenbHBIX OJIMHHOU CTOPOHE
TIJIATHI

- 500+ 2601

= sl

ATyl 18500129400

zir=2'm=162-0,5-12 = 131 mMm.

[IposeTHBIE MOMEHTEHI OmIpeaesisieM 1o (5.19)

M= R, Ay 2 =500+ 9644023163 = 18741

ul
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My =500-7079 042-154,8 =230  m,

OmnopHBIe MOMEHTHI onpegensieM 1o (5.20)

M=M= R, A,z2,=500 3544116 = 2036H u

My=My= R Az,,=5002601131=170:H nt

CymMMa MOMEHTOB OT BHYTPEHHUX yCHUJIMHU (IIpaBas 4aCThb YCJIIOBUS
5.17) paBHa

2:211 + 2-:278 + 2:203 + 2:170 = 1684 kH-m.
MomMmeHT oT BHeltHer Harpy3ku q = 10000 ITa = 10 kH/m
10-6,9%(3:9,4 - 6,9) : 12 = 1119 xH-m < 1684 kH-Mm.

YcnoBue (5.20) BHINONHSETCS W IIJIMTA IIPA M3JIOME II0 CXEMe,
yKa3aHHOMW Ha puc. 5.7, obecnedyuBaeT YCTAHOBJIEHHBIM IIpemeln
OTHECTOUMKOCTH TIO ITOoTepe HecyIleu cnocobHocTtu R150.

[Tockonbky 50 % cTepKHeW HUXKHEN apMaTypbl OOpHIBAaeTCsI Ha
pacctosHuu ai = 1,73 M OT OIMHHOA U a2 =2,35 M OT KOPOTKOH
CTOPOHBEI, HeEOOXOOWMO  [OIIOJITHUTENIbHO IIPOBEPUTHL  HECYIIYIO
CIIOCOOHOCTD TJIUTHI ITPU HUIJIOME II0 CXeMe, MOoKal3aHHOM Ha puc. 5.9.
9Ty NPOBEPKY IPOU3BOIAAT U3 YCIOBUA (5.23).

[Inomanu [OXOmsAled OO OHOp dYaCTH HUXHEW pacTaHyTOU
apMaTyphl, IlapajjieJIbHO COOTBETCTBEHHO [JIMHHOM M KOPOTKOM
CTOPOHAM IIJIUTHI, PaBHEI

56
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Z,=0,59644 =48220 wnt’; A, =0,57079 = 3540 e’

HpOJ’IeTHbIe MOMEHTBI B IINIACTHYECKHUX IMIaPHHPaAX IIapaJllIeJIbHBI
COOTBETCTBEHHO KOpOTKOfI U OJIUHHOU CTOPOHAM IIJINTHI:

M =Ry, Az, =5000234822169=937 el 1,

M =Ry Az, =500042:3540-1548=115 ' ut

MoOMEHTEL OT BHEIIIHEN Harpy3Ku

q[.ﬂ'lf;, g, +%a1cz;,] - 1a[5,9- 9.4 -6 2,35%- 173235 =540« u

CyMMa MOMEHTOB OT BHYTPEHHUX YCUJIUU

oM+ M+ My 20+ Mg+ My 2093742203 211542170
4 a 173 235

=586 ) m > 540kl m
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YcnoBue (5.23) coOmomeHO W IJIMTa IIPU HM3JIOME 10 CXeMe,
yKa3aHHOM Ha pwuc. 5.9, obecrneuyuBaeT MOpenesl OTHECTOMKOCTH IO
rmorepe HecyiIeu cnocobHoctu R150.

Bbanku cBOOOOTHO onepThie

5.10. Banku B mopaBisAwlneM OOJILIIMHCTBE CIy4aeB BO BpeMs
rmoxkapa IIOOBEPralOTCsI TPEXCTOPOHHeMY HarpeBy. OrHeBOMY
BO3[IE€MCTBUIO MMOABEPTalOTCSA HUXKHSSA TOPU30HTabHasI ITOBEPXHOCTDL U
nBe OOKOBBIE BepTHUKaJIbHLIE ITOBEPXHOCTHU. [IpOMCXOOUT HarpeB He
TOJIBKO PacCTSAHYTOM apMaTyphbl, HO U OeTOHa CXKaTOUW 30HBI, U CIKaATOM
apMaTypHl (puc. 5.12).

a) W
T = %'_::Ff"/
= 20
)T N [ o N
i o -
e B B, i} P
1T TR,
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Puc. 5.12. CxeMa yCUJIMY U 3MI0pa HalpsKEeHNM, BO3HUKAIOILIUX B
ceYyeHNM, HOpMaJIbHOM K IPOOOJIbHOM OCU U3rubaeMoro
&Kejie300eTOHHOTO 3JIEMEHTa, OT TPEXCTOPOHHETO OTHEBOTO
BO3[EUCTBUSA IT0XKapa IIPU pacyeTe Ha OTHECTOUKOCTD

a - IPSIMOYTOJILHOTO CeYeHUsI; 6 - TABPOBOI'O CEYEHUS C MOJIKOU B
CKATOHM 30HE; 8 - TABPOBOT'0 CEYEHUS C IIOJIKOM U PeOPOM B CKATOU
30HE

MoOMEHT, KOTOPHIM MOZXKET BhIAepzKaTh OanKa IIPAMOYTOJIBHOTO
[IOIIEPEYHOTr0 CeYyeHus, ompenenstoT no ¢opmynam (5.10) u (5.11),
B KOTOPBLIX BMECTO b IIOANCTABIISAIOT IPUBEOEHHYIO IMUPUHY Oanku bt
BBIYUCJIEHHYIO 110 ¢popmyJie (5.1).

[TpOYHOCTh TaBPOBBIX U [IBYTABPOBHIX U3rubaeMbIX 3JIEMEHTOB
OIpenesiIioT B 3aBUCHUMOCTH OT IIOJIOXKEHMS CciKaTol 30HBEL. Ecnu
rpaHUIla CXKaTOW 30HBI MPOXOOUT B TIonke (puc. 5.12, 8), TO
cobJrrojaeTcs yCIOBHUE:

RsntAs < Rpnb'fth'st +
RsctA's. (5.24)

Ecnu rpaHuila cKaToX 30HBI ITPOXOOUT B IIOJIKE, TO PacyeT ClemyeT
BHIIIOJIHATL KakK [JI IIPSIMOYIOJIBHOI'O Ce4YeHWsl IIMpHHOU b'ft. B
¢opmysnel (5.10) u (5.11) BMecTO b HMOACTABIAIOT IIMPHUHY IIOIKU b'ft,
BBIYUCJIEHHYIO 110 popMmyJie (5.2).

Ecnu rpanuiia ckaTo¥ 30HHI ITPOXOOUT B peOpe u ycnoBue (5.24) He
BBITIOJIHSIETCSI, TO 3HaYEeHNE MOMEHTAa ONpPeNensioT o gpopMmyJie

M = Rpn bt x(h0 - 0,5x) + Rbn (b'ft - b) h'ft (h0 - 0,5 h'ft) + Rsct As(hO -
a'). (5.25)

[Tpu 3TOM BBEICOTY CKaTOU 30HHI O€TOHA ONpPenensioT Mo GopmyJie

X = [Rsnt As - Rsct A's - Rbn (b'ft - bt)
h'fl/Rpnbt. (5.26)

B ©Oankax, apMHpPOBAaHHBIX pa3HBIMM KJjlacCaMHd CTajiel U
pacIioyioKeHHBIX B pal3HBIX YPOBHAX, apMaTypa HarpeBaeTcs
HEeOOVWHaKoBO. B aToM cnydae npu & < R NMPOYHOCTH BBHIYUCIISIOT II0

dopmyne:

M = ZRsnt As (hO - 0,5X) + ZRsct A's (0,5X -
a'). (5.27)
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5.11. Kputuyeckass  TemmepaTrypa  pPacTAHYTOM  apMaTyphl
n3rubaeMbIxX 371eMeHTOB ITpu & < R onpenenseT HaCTyIJIEHUE TIpenena
OTHECTOUKOCTH TIO IIOTEePE HecyIlleln cnocobHocTH R.

Kputudeckoe  3HaueHHe  Ko3dpduimeHTa  yCJIOBUS  paboOTHI
PacTSAHYTOM apMaTypPhl BLIYUCIISIOT:

B OanKax MpsSMOYTOJIbHOTO CEYEeHUS ITPU OOUHOYHOU apMaTtype (6e3
ydyeTa cCxKaTou apmaTtyphl) 1o ¢opmyne (5.12), B 0Oankax
MIPSMOYTOJILHOTO CEYEHUsI C YYeTOM CKaTOM apMaTyphHl II0 hopmye
(5.13) u B 6anmkKax TaAaBPOBOIO CeYeHMs, KOTHOa IpaHHuIla CXKaTOM 30HHI
ITPOXOIUT B pedpe:

:y_s,.rr = [Mx - R&mbtx(kﬂ - Djx)_ RMIEE;,L"# _E}i)h}(kﬂ —,Egjﬁ)—

= R {1y = 050" )R oA, (hy - 0.52)
(5.28)

3HaueHNe BBICOTHI CKATOM 30HBI OIIPedensioT no gopmynam (5.9) u
(5.26), mpuBemeHHYyI0 IUPUHY Oanku bt - mo ¢popmyrse (5.1) u WHUPUHY
I0JIKK b'ft - mo popmyne (5.2).

3Hasg KpUTUUYECKOoe 3HaueHue Ko3dpduimeHTa YCJIOBUS pPabOTHI
apMaTyphl Yst,cr, B 3aBUCUMOCTU OT KJjlacCa apMaTyphl 1o Tabn. 2.8
oIpenensaioT KPUTHUECKYI0 TeMIepaTypy HarpeBa apMaTypHl ts,cr OIS
KpalHero CTepzKHS apMaTyphl B Oanke. 3Hasi pacCTOSHHE OT OCHU
apMaTyphl OO0 HUXKHeM U OOKOBOM IOBEpPXHOCTEeM OajKM, Ha cxeMax
nporpeBa 6asnok (cMm. puc. b.1-5.4 B npunoxenuu b) HaxogsaT Oanku
HY?KHOTO pa3Mepa M Ty CXeMy IIpOTrpeBa, B KOTOPOMW TeMiepaTypa
0eToHa IO OHMCCEKTPHCE yrjla paBHAa KPUTHMUYECKOU TeMIlepaType OCHU
apMaTyphl KpaWHero cTepxHs. Ha 9Tol cxeMe CBepxy YyKa3aHa
OJINTEILHOCTh CTAaHOAPTHOI'O IoXKapa, KoTopas OyZeT COOTBETCTBOBATh
IIpeneny OTHECTOMKOCTH OalIKM 10 IIoTepe Hecyllel cnoco0HoCTH R.
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[Ipy OpoOMeXKYyTOYHHIX 3HAYEHUSX TeMIlepaTypel ls,cr Ha cxeMax
nporpeBa 0aJjioK IIpefesl OTHECTOMKOCTH OIpPeHessioT JIMHEeWHOU
WHTEPIIOJIAUEN.

Hepa3pe3Hnsbie 0ajIKu

5.12. Hepa3pe3Hble, CTAaTUYECKU HeoIpemenuMblie Oajiku, KpoMe
MOMEHTAa B IIPOJIeTe, UMEIOT ellle MOMEHT Ha orope. [Ipu moxkape CHU3y
IIPOYHOCTh OIOPHOTO CEeYEeHUsI CHUXKAETCI B OCHOBHOM 3a CYET
TPEXCTOPOHHETO HarpeBa CKaTOU 30HBI OETOHA.

[Tpu TpexcTOpOHHEM 000TPEBE OIIOPHOTO CeYeHUsI OETOH CKATOU 30HBI
HUKHEeU M OOKOBBIX I'PaHEel CeUeHHUsI, HarPeThId OO TeMIlepaTyphl
BBIIIIE KDUTUYECKOM, BHIKITIOYAeTCs U3 PaboThl. [IpOYHOCTDL OTIOPHBIX
CeuyeHUM CHUKAETCSI B OCHOBHOM 3a CUET HarpeBa O0eToHa CxKaTou
30HBI 0 KPUTUYECKOU TEMIIepaTypPhl ¥ BCIEACTBHUE 3TOT0 YMEHBIIIEHUS
paboueli BEICOTHI ceueHus (puc. 5.13).

'myOuHa mnporpeBa OeTOHa dat OO KPUTUYECKOM TeMIlepaTyphl y
HarpeBaeMol I'paHu ceueHUus OaKu HaXOOUTCS M0 PHUC. 5.2.

Puc. 5.13. CxeMa yCUJIMY U 3MI0pa HalpPsSIKEHUUN B OIIOPHOM CEYEHUH,
HOPMaJIbHOM K MPOAOIbHOM OCU U3TU0aeMOro CTaTU4YeCKU
HeonpegeIuMoro xkene300eTOHHOT0 3JIeMeHTa, IPU TPEXCTOPOHHEM
o0orpeBe CKaTOU 30HHI IIPU MTOXKape U pacyeTe OrHECTOUKOCTH

IIPHUMEPDBI PACYETA

IIpumep 6. [JaHo. XKenesobeToHHass CBOOOOHO orepTas Oaska
ceueHueM 300x600 MM OepekKpHITUS AagMUHUCTPATUBHOIO 3OaHUA;
6etoH kKnacca B30; Rpn = 22,0 MIla; apmaTtypa kinacca A400; Rspn = 400
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MTIla, a = 40 MM; u3rubalouuii MOMEHT OT HOPMATHUBHBIX ITOCTOSTHHBIX
Y BPpEMEHHBIX IJINTEJIbHO OEeUCTBYIOLINX Harpy30K 160 kHwm.

Tpebyemcs onpeneuTh Ipeaesl OTHeCTOUKOCTH II0 ITI0Tepe HecyIen
CIIOCOOHOCTH.

Pacuyer. AOMUHHCTPATUBHOE TpPEX3TaXKHOE 3OaHUEe C MJIOoLIagbio
9Taxka B IIpegenax moxapHoro orceka 4000 mM“ mo Tabn. 4 CHull
2.09.04 wumeer II crenenbr or”Hecroukoctu. Hnga II creneHu
OTHECTOUKOCTH 110 Tabs. 1.1 ycTaHaBIMBaeEM Npenesl OrHECTOUKOCTH 110
ToTepe Hecylleu cnocobHocTH Ayt 6amok RIO.

Il OeToHA C CHUJIMKAQTHBIM 3allOJIHUTENIEM IIPU [OJIUTEJIbHOCTU
cTaHpmapTHoro moxapa 90 MuH mo puc. 5.2 omnpepenseM TIyOUHY
nmporpeBa 6eToHa A0 Kputudeckou temmepaTtypsl 500 °C - at = 36 MM.
[TpuBenmeHHas mupuHa 6anku HaxoguTcs 1mo popmyne (5.1) - by = 300 -
2-:36 = 228 MM u pabouasi BeicoTa 6anku h) = 600 - 40 = 560 MMm.

ApmupoBaHue 6anku 2032 - As = 1609 MM, [Tpu MIIa = H/mm? 1o
dopmyne (5.9) onpenernseM BEICOTY CKATOU 30HEBI

x =400-1609/(22-228) = 166 MM.

B Oanke mpsSIMOyrOJbHOTO CE€YEHHUS IIPU OOUHOYHOM apMHPOBaHUU
KPUTHUYECKOEe 3HaueHue KoapduireHTa yclIoBUs pabOTHl PacTIHYTOMU
apMaTyphl onpegnenseM o gopmyne (5.12)

Ys,cr = 160-10°/1609-400 (560 - 0,5-16) = 0,56.

Cormacuo tabmn. 2.8 s apmatypsl kKiacca A400 npu ys,cr = 0,56
II0 MWHTEPIIONSALMM HaXOOUM KPUTHUYECKYI0 TeMIepaTypy Harpesa
apMaTyphl

o 2500+ 2870 1002517

2 2

Ocp KpalHero CTepKHSA apMaTyphl HaXOOUTCA Ha paccTtosHum 40 +
16 = 56 MM OT TOPU30HTAJILHOM M BEPTUKAJILHOM ITOBEPXHOCTEN OasiKy,
niu Ha 56-1,41 = 79 MM 1o fuaroHanu yria 0asku.
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Ha puc. B.2 npunoxenust b gns 6anku cedenuem 300x600 MM mipu
OIUTENIbHOCTHA CTAaHOAPTHOTrO Imoxapa 90 MUH OCh KpaulHEro CTepKHS
apMmaTyphl rmporpeetcs go 500 °C. 3to coorBeTcTBYyeT R9I0.

IIpumep 7. IlaHo. XKene3obeToHHasi CBOOOOHO omepTas Oajka
repekpriTus ToHHe s cedyenreM 500x 1200 mMm, nmponetoMm 20 M; 6anka
MOHOJIUTHO COeOWHEeHa C IIUTOM TomimuHon 250 MM; 0eTOH Kiacca
B30; Rpn = 22,0 MIla; B mporneTte OajlKa apMHpOBaHa apMaTypou
Kiacca A400; Rsp = 400 MIla; apmatypa 1-ro psaga 5032 MM c a = 62
MM; 2-TO psga 5332 MM ¢ a = 94 MM u 3-T0 psaga 50328 MM c a = 126
MM; cKaTas apMatypa 5J20 MM c a' = 45 MM (puc. 5.14); paccTrosHue
Mexkay OankaMu 2 M; U3rubaroliii MOMEHT OT HOpMaTUBHOM Harpy3KH
160 xkH M.

TpebyeTca yCTaHOBUTH pacueToM, oOecnedyuBaeT U 0Oasika
TpeOyeMbIli Ipefesl OTHECTOMKOCTH II0 IIOTEPE HECYIIer CIOoCOOHOCTH
R180.

1000 Em_ 1948
%!'\ i %
l:=q;=.._.—..'==ﬂ-£ = il
. N 2

Giidicgigs

535 447 1432 @47 j&s | 1,00

Puc. 5.14. K npumepy 7. CeueHue B mposieTe 0ajKyu NepPeKpPhITUS
TYHHeJA 1pojieToM 20 M IIpU OJIMTEIPHOCTU CTaHOAPTHOTO IIoXKapa
180 mun
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Pacuer. Ilo puc. b.2 npumoxeHusa b Haxogum TeMIiepaTypy
nmporpeBa OeToHa B 0Oajike U IIIUTE, UHTEPHOIUPYS TeMIlepaTyphl
OeToHa mo mupuHe Oankum o 500 MM u mo BricoTe Ao 1200 MM u
9KCTPaNoNIUpPys TeMIiepaTyphl 6eToHa MauTH BeicoTOM 200 MM mo 250
MM (puc. 5.14). IIpu orEHEeBOM BO3[EUCTBHU apMaTypa IIporpeBaeTcs
mo 750 °C. [Ing KaxXOoro CTepKHS apMaTyphl 1o Tabn. 2.8 Haxooum
KO3(hGUIIMEHT YyCJIOBHUS pPabOThI apMaTyphl }Yst B 3aBUCUMOCTH OT
TeMIIePaTyPhl CTEPIKHS IIPU:

ts = 330 °C 3028 Ag = 1847 mMm? yst = 0,96;

ts = 555 °C 2028 Ag = 1232 MM? yst = 0,49;

ts = 447 °C 3032 Ag = 2413 Mm? yst = 0,73;

ts = 635 °C 2032 As = 1609 Mm? yst = 0,33;

ts = 600 °C 3032 Ag = 2413 Mm? yst = 0,37;

ts = 750°C 2032 As = 1609 mm? yst = 0,16.

PaGouasi BrICOTa:

ho1 = 1200 - 62 = 1138 mwm;

ho2 = 1200 - 94 = 1106 mwMm;

ho3 = 1200 - 126 = 1074 MMm;

h'o =1200-45-53 = 1102 mMm.

Kputudeckue 3HaueHUsI TeMIlepaTypbl HarpeBa OeToHa Ha
cunukaTHoOM 3anonHuTene (o.1.21) - tp,cr = 500 °C. I'myOGunry nporpesa
0eTOHa [0 KPUTUYECKOM TeMmepaTyphl HaxomuMm II0 puc. A2 u 5.2.
IIna nnutel u Oanku rnyOuHa nporpeBa OetoHa mo 500 °C mpwm
onuTenbHOCTH Noxkapa 180 mMuH cocrtaBiaseTr 53 MM. IIpuBemeHHas
mMpuHa O6ankKu omnpenensercs mo ¢opmyne (5.1) by = 500 - 2:53 = 394

MM U IpHUBENeHHas BEICOTA IIJIMTHI - o ¢popmyne (5.3) h'ft = 250 - 53 =
197 mM.

CBectHl ITOJIKM B pacyeTe OOIXKHEI ObITh He 6osee 1/61 = 1/6-20000 =
3333 MM 1 He 6osiee 0,5:2000 = 1000 mm.

HIupuna nonku b = 500 + 2-1000 = 2500 mM.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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HpOB%pf{eM ycrnoBuda (5.24). JleBas 4acTh ycioBus paBHa (mpu Mlla
= H/MM?)

>RsntAs = 400-0,96-1847 + 400-0,49-1232 + 400-0,73-2413 +
400-0,33-1609 +

+ 400-0,37-2413 + 400-0,16-1609 = 23,27-10° H
Rsnt = 355 MIIa; A's = 1571 mMM2.

[IpaBas yacTh ycrnoBus paBHa 22:2500-197 + 355:1571 = 114-10° H
> 23,27-10° H.

CxkaTasi 30Ha IPOXOOUT B MOJIKe. BricOoTa cxKaTol 30HHI IO popMyIie
(5.9) paBHa

_ 2327 107 -355-1571
22+ 2500

=70

[TpoyHOCTH cedeHus onpenensieM 1no popmyne (5.27)

M = (7,19 + 2,41)10°(1138 - 0,5-70) + (6,25 + 2,12)10°(1106 - 0,5-70)
+

+ (3,57 + 1,03)105(1074 -0,5-70) + 5,57-105(1102 -45) = 1924 xH'm
> 1625 kH-M.

Banka mnpu [IuUTEeNbHOCTH CTaHOApTHOro Imoxapa 180 wuH
BRIIIepKMBaeT MoMeHT 1924 kH-M, KOoTophifi O0bllle HOPMATHUBHOIO
MOMEeHTa [0 Ioxapa. CrepoBaTesibHO, 0ankKa oOecliedyuBaeT IIpemelt
OTHECTOUKOCTH TIO IToTepe Hecylel cnocobHocTtu R180.

IIpumep 8. [JaHo. TumnoBas mpenBapUTEIPHO HalpsAXeHHAas
nByTaBpoBas Oanka (cepust 51400.110.150 - 52500.110.50), koTopas
YCIENIIHO MPUMEHSIETCS IIPU CTPOUTENBCTBE MOCTOB (puc. 5.15).

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
* Ten.: +7 {(495) 506-71-51, +7 (105) 506-78-57, 65



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

1600

b

FEERA

tﬂﬂ'{a g ICEAC

1500

L=185°C
160 1=130°C
195°C

1901

P

i
gLlgo)

100 LaogLiba Liog

| B
-

Puc. 5.15. K npumMmepy 8. TemnepaTypsl B IByTaBpPOBOU Oaike C
TOJIIIMHOU CTEHKHU 16 CM IIpU OJIMTEIbHOCTHU CTAHZAPTHOIO IIoXKapa
180 mun

Tpebyemcs omnpenenuTb BO3MOXHOCTh IIPUMEHEHHsT OalloK 3TOMu
cepuu B IIEePEKPBHITHUSAX  TOHHEJNIeHM, OTHOCAIIMXCI K  1-my
OTBETCTBEHHOMY yYPOBHIO HaJle’KHOCTH, OJII KOTOPOM yCTaHaBIUBaETCS
Ipenesl OrHECTOUKOCTH TI0 IoTepe Hecyleu cnocobHocTtu R180.

Pacuer. TennoTexHU4YECKUM pPacuyeTOM UJIU 110 IPUI0XkKeHuo b (puc.
63) MIIC 21-2.2000 HaxoguMm TeMIepaTypy nOporpeBa OeToHa B
OByTaBpoBOM Oasnke. IIpu STOM HHTEPHONUPYS TeMIlepaTypy 1o
mrpuHe nonku ¢ 400 mm go 580 MM u 1o BeIcOTe Oanku ¢ 760 MM
mo 1500 mm. OcHOBHasg NpeOBapuUTEIbHO HaMOpsKeHHas apMaTrypa
COCTOHUT U3 YeThIpex My4KoB KaHaToB K7-1400, KoTOphie pacnoI0KeHbI
Ha paccrosHuu 180 u 280 MM OT HUXKHEM HarpeBaeMoli rpaHUu OaJiKu.

) PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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ApmaTypHble y4dkKu mnporpesBatoTcsa mo 130, 185 u 195 °C. Ilpu sTtux
TeMIepaTypax HarpeBa IIYY4KOB KO03(pUIIMEeHT YyClIoBuUsSA paboTh
apMaTypH st = 1,0 u IPOYHOCTH apMaTyPHBLIX KAHATOB HE U3MEHSETCS
BO BpeMs mozapa. OgHaKO MpefgBapuUTeIbHOE HalpsXKeHNe B KaHaTaxX
CHUXKaEeTCH. CormnacHO dbopmyne (5.92) MIpeaBapuTENbHOTO
HalpsXKeHUs B KaHaTax OCTaHETCS IMpUu TemmepaTrype HarpeBa mo 130
°C osp = 89 - 0,27-130 = 54 %; nmpu 185 °C - osp = 39 %; mnpu
195 °C - osp = 36 %. B cTeHKe TOIIIUHOW MM, IIPH ABYXCTOPOHHEM
HarpeBe 0eToH mporpeetcss o 820 - 1088 °C. Ilpu TakKmx BBICOKHX
TeMnepaTypax OeTOH pa3pyIIUTCS, CTeHKa He OymerT paboTaTh u
TIEPEKPHITHE TOHHEIS OOPYIIUTCS BO BpeMs moxKapa. ITOT0 AOIIYyCTUTh
Henb3sd. KpoMe TOro, K HeCyIIUM KOHCTPYKIIMSAM, OTHOCAIIUMCS K 1-My
YPOBHIO HagEeXXHOCTH, IPEeObABIAIOTCS TpeOoBaHU A o
orHecoxpaHHoctu (m. 1.23). [Ins obecnedyeHuss TpebOyeMbIX
OTHECTOMKOCTU U OTHECOXPAaHHOCTU Ha 0alKy HeoOXOOUMO HaHEeCTHU
OTHE3alllUTHOE IIOKPBITME, KOTOPOE TIIO3BOJIMIIO OBl  CHU3UTH
TeMIepaTypy HarpeBa HapyKHOM moBepxHOCTU 6eToHa mo 450-500 °C.
Jlerkoe oOrHe3alIUTHOE ITIOKPHITHE MOXKET COCTOSTh M3 BCIYYEHHBIX
IepiauTa M BEPMHUKYJIMTa UJIM U3 KepaM3UTOBOTO IIeCKa Ha OCHOBE
BAXKyLIero nopTiaaHgueMmenTta. Iloptnarpuement (COCT 10178),
BCIIyUYEHHBIM MMEePJIUT HaChIITHOM Maccol He Gonee 300 KI/M° U3 CMECH
IIyApHl ¥ Gpakumsa A0 5 MM; BCciydeHHBIM BepMukynut (COCT 12869)
HACBITHOM Maccou He 6ojiee 200 Kr/M” mpu KPYITHOCTH 3€PeH A0 5 MM.
Kepam3ut (I'OCT 9759) 6e3 comepKaHusI CBOOOIHON OKHCU KaJIbIIUS
CaO, okucu MarHus, a TakXe KapOOoHATHHIX BKIOUYeHHH. OObeMHas
Macca KepaM3uToBOro necka 350-500 kr/m”.

OpI/IeHTI/IpOBOqHBIe COCTABHI OTHE3aIIMTHOT'O IIOKPHBITHUA Ha 1 M3:

noptinaugueMeHT - 300 kr, mepnut - 500 Kr; mopTiaaHaueMeHT - 350 KT,
BepMUKYUT - 600 Kr; moptinanguemMeHT - 300 kr, kepaMm3urt - 400 Kr.

IInsi  yMeHBIIEeHUS TeMIOepaTypHO-yCadodYHBIX mpedopMamuii u
KOMIIEHCAlluM TeMIlepaTyPHBIX HaIPSAXKEeHUM, BO3HUKAIOIIUX MEXOY
0eTOHOM ¥ OTHEe3aIlUTHBLIM IIOKPHITHUEM, IIeJieco00pa3HO0 BBOOUTH
pacnyiieHHb acbect V-VI copToB, mONyXKeCcTKuX Mapok II-5-65,
[1-5-70 B konmuuecTtBe 10-20 % mMaccel cyxou cmecu. [Is yaydllleHUs
TEXHOJIOTUYHOCTH CMECH PEKOMEHAYEeTCs YKJIaablBaTh CMECh I'TUHSIHOUN
cycneH3uu (mnukKepa) miaoTHocTrio 1,1-0,2 r/M~ Uy BBOOUTH B COCTaB
cmecHu 20 % Macchl 3alI0JITHUTEIISI MOJIOTOM T'JIMHEIL.

[IporpeB OrHe3aIllUTHOTO IIOKPBLITHS TOJIIMHONW 25 MM TIIpH
CTaHOapTHOM Ioxkape mnutenbHOCThI0 R180 (3 4) ycTaHaBIMBaIOT
pacyeToM.
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[TokprITHE C IIEPJIUTOBLIM 3aIlOJIHHUTEIEM. BIaKHOCTh MOKpHITHUS W
= 15 %. IIJTI0OTHOCTH CMECH B CYyXOM COCTOSSHUU

_ 100y 100-1000

o = = 870 wfu’
100+ 100+15

KosdduiimeHT TEIJIONPOBOOHOCTH IIPH CpPEegHen TeMIlepaType
Harpesa 700 °C

At =0,18 + 0,000116t = 0,18 + 0,08 = 0,26 Bt/(M-°C).
Koadpunment rennoemroctu npu 700 °C
Ct =0,84 + 0,00059t = 0,84 + 0,41 = 1,25 g[Ix/(xr-°C).

[IprBegeHHBIN Koo puiineHT TEeMIIePaTypPOIIPOBOOHOCTHU
onpenensioT mo ¢popmye (3.5)

= 0,26 =(0.000149 g

(1,25 +50° 0,15)870

amz‘

['myOuHa IporpeBaeMoro cijios mHoKpeiTusd (B M) mo 20 °Coput=3 4

b= 12,7 =/12:0,000149-3 = 0,073 m

YcrmoBHAs TOJIIMHA IIpPorpeBaeMoro cios mpu @1 = 0,51, KoTophIi
VYUTHIBAET IMJIOTHOCTbH CMECH B CYXOM COCTOSTHHU Pc = 870 Kr-M°, paBHa
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K= 1+ Bafay =5 +0,51,/0,000149 = z, +0,0062

TemnepaTypa nmporpesa Kaxmoro cios tpi = 20 + 1200 (1 - r1i)2, roe
r1i = x'i/lh = 1.

[Ipu TONIIMHE OTHE3alIUTHOTO MOKPHITHUSA 25 MM TeMmIOepaTrypa
Hapy>XKHOro cJios 6etoHa O6ymeT 414 °C. TemnepaTtypa O0eToHa B IIeHTpe
CTEHKH [ByTaBpoBou Oanku - 83 °C um TeMIiepaTypa apMaTypHBIX
IIy4KoB - 34, 40 u 42 °C (puc. 5.16). Ilpu sTux TeMieparypax Harpesa
IIpeaBapuTEIbHO HaANpPsSXKEeHHBIX KaHATOB B IIyYKaX HOIOIHUTEbHBIE
IIOTEPU IIPEABAPUTEJILHOTO HaNpsXeHus OyoyT He3HauYWUTeIbHble U
Kene300eToOHHAsA OAByTaBpoBas OanKa oOecmedyuT TpeOyeMbl Ipenelt
OTHECTOMKOCTHM 1O TIIoTepe Hecymled crnocobHoctu R180 wu
OTHECOXPaHHOCTH IIOCJIe oKapa.
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AEd

1 L]

23

Puc. 5.16. K npumepy 8. TeMmnepaTypsl B AByTaBPOBOI Oake C
TOJIIIMHOU CTEHKHU 16 CM U OTHE3allUTHBEIM I1ePJIUTOBLIM IIOKPBITUEM
TOJIIIMHOU 2,5 CM IIPU OJIUTEJILHOCTU CTaHAapTHOro noxapa 180 mMuH

[I7151 KperieHus: OTHe3alIUTHOI O ITIOKPHITUS TOJIIINHOM 25 MM u Gojee
CclenyeT MPUMEHSTh METAJIIMYECKYIO CETKY C pa3MepaMu si9eekK He
6osee 70x70 MM ¥ IMaMeTPOM IIPOBOJIOKU 1-2 MM. CeTKa KPEIUTCS K
O6etoHy Oanku mpobensiMu cC mmarom He 6omee 500 mM. CeTKa DoIXKHA
pacnosiaraThCs IIOCEPeAUHE TONIINHBI OTHE3AIIUTHOTO TTOKPHITUS.
HaneceHure MTOKPBHITUS OCYIIECTBJIISIOT IIOJIYyCYXUM TOPKPETUPOBAaHUEM
Ha BCIO TOJIIIUHY WU HAOPBI3rOM C TOJIIIMHOM OOHOTO C/I0s He 6ojiee
15 mm.

) PazHelleHWe peKnakbl B J0KYHMEHTAX W Ha caiite www.complexdoc.ru
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[Ipu cTaHgapTHOM IOXKape OJIUTEeNbHOCThI0 180 MUH TeMIiiepaTypa
HarpeBa 0eTOHA CTEHKHU OBYTaBPOBOM Oanku 452 °C mocTUraeTcs IIpu
TONIIUHE 25 MM OrHE3allMTHOIO MOKPHITHUS M3 BepMukynurta; 438 °C
IIPY TOJIIIUHE MOKPHITUA 35 MM U3 Kepam3uTta U 452 °C npu TOJIIVHE
TTOKPHITUST 35 MM M3 IIJIUT Ha OCHOBE TEPMOCTOMKOTro 06a3abTOBOTO
BOJIOKHA.

OruecTrolMkKoCTh BHEIIEHTPEHHO CXKaTbIX Kej1e300eTOHHBIX

JJIEMEeHTOB

5.13. KonoHHBI, HaxXOOdIIMEeCs B CTeHaX, MOTYT MOABEpPrarhbCs
OTHEBOMY BO3[EUCTBHUIO C OOHOHW, OBYX M Tpex CTOPOH. OTOenbHO
CTOsIIMEe KOJIOHHBI, KaK T[IpaBUJIO, IIOABEPTralOTCI OTHEBOMY
BO3[IEUCTBUI0O C 4YeThIpexX CTOPOH. OrHeBoe BO3OENCTBHE BHI3LIBAET
HepaBHOMEPHOE pacmopeneleHWe TeMmIepaTypsl B 0OeTOoHe 110
IIOIIeEpeYHOMY CeYeHHUI0 KOJOHHHI. Ilepudepurinsie crou OeToHa
IIPOTPEeBAIOTCS 3HAYUTEJILHO OOJIbllle, YeM BHYTPEHHHUE, YTO ITPUBOOUT
K CHU2KEHUIO ITPOYHOCTU U CUJIBHOMY pa3BUTHUIO medopMaliuii 6eToHa y
KpaeB CedyeHUs KOJIOHHLI. MeHee HarpeThili OETOH IIeHTPaJIbHOM YaCTHU
cedyeHus oOmamaeT OoJIbIlIeH ITPOYHOCTHIO u MEHBbIIIeH
nmebopMaTUBHOCTHIO. Pa3pylieHre KOJIOHH MIPOUCXOOUT IO MeHee
HarpetoMmy, Oojiee IIpOYHOMY OeTOHYy, Ipu [HOedopMaluu CXKaTu,
O/IM3KOU K IIpeaeIbHOM.

B apmaTtype, pacIiojioxKeHHOU Yy KpaeB CeYeHUs KOJIOHHBI, IIpHU
BBICOKMX TeMIIepaTypax HarpeBa pa3BUBAIOTCS OOJIbIINE IJIaCTUYECKUE
medopMaliy, U OHaA IlepecTaeT BOCIPUHHMATh yYCUIHUS OT BHEIIHEU
Harpy3K#d, KOTOphIe IlepefaloTcs Ha MeHee HarpeTeii OeTOH B
IIEHTPaJIbHOM YaCTU KOJIOHHHI.

Ko/10HHBI IIPAMOYTOJIBHOIO C€é49YeHHus

5.14. PacueT TIIPOYHOCTHU TIIPU YETHIPEXCTOPOHHEM OTHEBOM
BO3OENUCTBUU MPSIMOYTOJIBHBIX CEYEHHM BHEIIEHTPEHHO CIXKaThIX
3JIEMEHTOB C apMaTypol, pPacCHOJIOKEHHOW y MNPOTHUBOMIOJIOXKHBIX B
IIJIOCKOCTM  u3ruba CTOPOH CeYeHUs, TIIPU OKCIEHTPUCUTETE
mpomonbHOM cunikl eg < h/30 u rubkoctu A = 10 /h2 < 20, Ipou3BOOAT
1o popmyie
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= G{R-!w"q?ed + Rjdﬂj,:rﬂ:r:l
(5.29)

rae Ared - IpUBegeHHas NIIolladb CEYeHUsI, KOTOPYIO ONPeneIsatoT M0
bopmye (5.7).

[Tnomanse IIPUBEOEHHOI'0O KPYI'JIOTO CEYEHUA:

Ared — 0,785d%: = 0,785(d -
2at)?. (5.30)

[TpuBemeHHass BHICOTA CeYEeHUsT KOJIOHHBI ht oIpenesnseTrcs IIo
dbopmyne (5.6).

['nyO6uHy nporpeBa 6eTOHa at AJIs1 KPYTJIOM KOJTOHHBI HaXOOsAT II0 PUC.
5.3, mpuauMass b = 1,1d unu d¢ = 0,9bt, U HalileHHOe 3Ha4YeHUe dat
YMHOXKAaIOT Ha KoapdunueHT 1,11.

PacueTHas gnuHa /() IpuHUMaEeTCS PaBHOU:

C IIapPHUPHBIM OIIMPAaHHEM Ha OBYX KoHIax - 1,0[;

C IIapHUPHBIM ONUpaHWEM Ha OOHOM KOHIIE, a Ha IPyroM KOHIIE:

C JXXeCTKou 3apgenkou - 0,71;

c mogaTiuBou 3agenkou - 0,9[;

C 3aleJIKOU Ha OIBYX KOHIIAX:

XKecTKou - 0,51;

nomatiusou - 0,8I;

C IIOJAT/JIMBOM 3a[eJIKOM Ha OJHOM KOHIIEe M C JKECTKOH 3a[eJIKOM Ha
opyrowm - 0,71.

3necsh | - paccTossHUE MeXOy KOHIIaMU 3JIEMEHTOB.

5.15. Kosdduiment mnpomgonbHOro wu3ruba ¢ O HaTrpPeThIX
MIPSIMOYTOJIPHBIX Y KPYIJIBIX KOJIOHH ClegyeT [OpuUHUMATh B
3aBUCHUMOCTH OT OTHOIIEHHS pPacCyeTHOW MIJIUHBI [) KOJOHHHI K
IIPUBEEHHBIM BBICOTE ht UM AuaMeTpy dt 1mo Tabi. 5.2.

Tab6mnuma 5.2
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lo/ht 6 8 10 12 14 16 18 20
lo/dt 5 6 8 10 12 14 16 17
@ 0,92 0,91 0,90 0,88 0,85 0,81 0,76 0,71

[[py HanMWuUYWM B CeYEHUHM KOJIOHHBI IIPOMEXKYTOYHBIX CTEpPXKHEU
KO3 PUIIUEHT @ OonpenesnsioT 1o GpopMyie

@ = @b + 2 (psb -

¢b)as,
(5.30,a)

HO IPUHUMAIOT He 6ojee @sh.

3mechk @b U @sb - KO3hDDUIMEHTHI, IIPUHUMaeMbie 1o Tabn. 5.3 u 5.4.

Tabnuna 5.3
Koabdumment @©p pu lo/ht
6 8 10 12 14 16 18 20
M
N
0 0,93 0,92 0,91 0,90 0,89 0,88 0,86 0,84
0,5 0,92 0,91 0,90 0,89 0,86 0,82 0,77 0,71
1,0 0,92 0,91 0,89 0,87 0,83 0,76 0,68 0,60
Tabnuua 5.4
Koadpdumuent Qsp npu lo/ht
6 8 10 12 14 16 18 20
M
N
r‘j\ Pa3sMeleHWe peKknanbl B JoKHEHTaX W Ha caifTe
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A.Tlpua = a' < 0,15h (cM. 9CKH3) U OJIOIAON CeYeHUSsI
MIPOMEKYTOYHBIX CTEPKHEN MEeHee Ag tot/3

0 0,93 0,92 0,91 0,90 0,89 0,88 0,86 0,83
0,5 0,92 0,91 0,91 0,90 0,88 0,87 0,83 0,79
1,0 0,92 0,91 0,90 0,90 0,88 0,85 0,80 0,74

B.TIlpu 0,25 h > a = a' = 0,15 u nomagy MIPOMeXKyTOYHBIX CTEPKHEN
(cM. acku3), paBHOM uUnu 6o0see As tot/3 HE3aBUCUMO OT d

0 0,92 0,92 0,91 0,89 0,87 0,85 0,82 0,79
0,5 0,92 0,91 0,90 0,88 0,85 0,81 0,76 0,71
1,0 0,92 0,91 0,89 0,87 0,83 0,77 0,70 0,62
O6o3HaueHus, MPUHSITHE B Ta0m. 5.3 u
Al i 5.4:
-&l - + 5]
L | N1 - T[OpomojbHasi Cuja OT
1 1> eToe NEeACTBUS  IOCTOSIHHBIX U
i | OJTUTEJIbHBIX HAarPy30K;
L =]

N - mpomojibHAs CHUIa OT BCeX
Harpy3oK

o= Rsr’q:,:.:::r
Fy A

2

(5.30,0)

As,tot - LIIOIIAAb CEYEeHUA BCeU apMaTyphl B CEUEeHUN.

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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[Tpu as > 0,5 MOXKHO, He ONB3ysichk ¢popmyrou (5.30,a), TIPpUHUMATh
¢ = @sb.

5.16. Pacyer 100 1OpoOYHOCTH  MPSAMOYTOJBHBIX  CEYEHHUU
BHEIIEHTPEHHO CXaTbklX 2371eMeHTOoB (puc. b5.17) 1mpu OrHEeBOM
BO3[I€MCTBUU IPOU3BOMAST U3 YCIIOBUSI

Ne < Rbn bt X(hO - 0,5X) + RsctA's(hO -
a'). (5.31)

BricOTy c2KaTOU 30HEI OIIPEAENSAoT 10 popmyie

Xx=(N + Rsnt As - Rsct
A's)/Rpnbt. (5.32)

Ecmu x/hQ = &R (cM. Tabm. 5.1), BBICOTY C2KaTOM 30HBI KOPPEKTUPYIOT
1o popMmysie

= N+ Rmrﬂs [1 + éﬂ)"f(l B éR) B F‘mﬂ;
R&nb! + Eﬂmrﬂsﬁgﬂ I:l h éﬂ) |
(5.33)

[Ipy 4YeTHIPEXCTOPOHHEM OTHEBOM BO3OeWCTBUH B (opmyny (5.31)
BMecTO h(Q BBOOAT h(Qt.

[IpuBemeHHYIO BEICOTY cedeHHUS h(Qt ompenensioT mo ¢gopmyre (5.8).
[IpuBegeHHy0 IMUPUHY bt B ¢dopmymnax (5.31-5.33) ompemensioT 1O
dopwmyre (5.1).
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Puc. 5.17. CxeMa yCHUJIUU U 31I0Pa HalpsXKEeHUM B CEYEHUH,
HOpPMaJIbHOM K IPOMOOIbHOM OCU BHEIIEHTPEHHO CXKAaTOor0
KeJie300eTOHHOI'0 3JIeMeHTa

a - IpU TPEXCTOPOHHEM 000OTPEBE M pacyeTe Ha OTHECTOMKOCTE; O - TO
XKe, ITPU YeTHIPEXCTOPOHHEM

5.17. DOKCLUEHTPUCUTET UJIU pPaCCTOAHUE OT TOYKU IPUJIOKEHUST
POOOJbHOU cujbl N OO0 LIEHTpa TSAXKECTU CEeYEHHUs PACTIHYTOU WU
MeHee CKaTOM apMaTyphl B IIPSIMOYTOJIbBHOM CEYE€HUU KOJIOHHBI IIPHU
OTHEBOM BO3[ENCTBUU OIIPEOENSIOT 110 claenyomen GopMmyie

e=eon+0,5(ho-a)+
et; (5.34)

ep =
M/N.
(5.35)

3HaveHne Ko3(pduimeHTa, YYUTHIBAIOMIETO BIUSHHUE IIPOIOILHOTO
n3ruba 37IeMeHTa Ha €ero HeCYIIyi0 CIIOCOOHOCTb, OIIPENessIOT II0

dbopmyne
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n=—
-

Nﬂ'

(5.36)

YCOBHYI0O KPUTUYECKYIO CUJTY ONPenesssioT mo GopMmye
Ncr = H2
D/,

(5.37)

XKecTkocTh XKene300eTOHHOTO 3JieMeHTa B IIPedeslbHOM 110
IIPOYHOCTU CTaAUU OOIIyCKaeTCs ONpenessaTh 10 ¢popMysiaM:

nyist 060 GOPMEI CEUeHU

p=_D8l a5 ;.
@(0,3+4,)

(5.38)
OJI1  3JIEMEHTOB IIPAMOYTOJIBHOTO Ce4YeHHsT C  apMaTypow,

pacIoyoXeHHOU y HanboJiee CKaToOU U y pacTIHYTOU (MeHee CxKaToi)
rpaHu 3JIeMeHTa

_ | 0.0125 By —
D Ea,b,;s,[—ﬁmj%)w,mm{—& ]]

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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B dopmynax (5.38) u (5.39):

I, Is - MOMEHTHI HHepIorun COOTBETCTBEHHO OETOHHOTO CEYEeHHUS U
CeYeHHusi BCeu aApMaTypPhEl OTHOCHUTEJIbPHO IEeHTPA TAXKEeCTHU OeTOHHOTO
CedeHusd 3JIEMEHTaAQ;

Ebt - Momymnb ympyroctu OeTOHa, ompemdessiioT mo ¢opmyne (2.5),
B KOTOpO¥ PBp NPUHUMAIOT II0 CpedHeM TemiepaTrype OeToHa BCETO
CeYeHU;

Est - MOOy7ib yOIPYTOCTH apMaTyphl, onpenensioT mo dopmyne (2.10),
B KOTOPOM fBs IPUHUMAIOT 110 TEMIIEPATypPe BCell apMaTypHl;

@1 - KOOQODUIIMEHT, YYUTHIBAIOIINYN BIIUSHUE OIUTEIIPHOTO OENCTBUS
Harpy3K# Ha IMporud sjieMeHTa U PaBHBIN

1 =1+
(M11/M1);
(5.40)

M1, M1 - MOMEHTHI BHEIITHUX CUJI OTHOCUTEILHO OCH, HOpM&J’IbHOfI K
IIJIOCKOCTH U3ruba u HpOXOJIﬂH.IGfI qgepel3 LIEeHTp HauboJjiee PaCTAHYTOT O
UJIN HaMMEHee CZXKaToro (HpI/I IOeJINKOM CZKaTOM CetleHI/II/I) CTEpPXKHIA
dpMaTypPhsl, COOTBETCTBEHHO OT OEeuCTBUS BCEX Harpy3oK 1 OT OEeNCTBUSA
IIOCTOAHHBIX WU NJIMTEJIbHBIX HAl'PY30K.

[Ipu pacuyeTe OTHECTOUKOCTUA 1 = 2;

0e = eQ/ht, HO He MeHee
0,15. (5.41)

II71s1 KONBIIEBBIX W KPYTJIBIX CeYEeHHU 3HadeHue ht 3aMeHsieTCs Ha
Dcir,t.

o= A}Eﬂ + A;Ej:r _

E:l!‘kI‘En?-'!
(5.42)

I

[Tpu omHO-, ABYX- WU TPEXCTOPOHHEM HEepaBHOMEPHOM HarpeBe IIO0
BBICOTE CEYEHUS BHEIIEHTPEHHO CXKaTOM KOJIOHHBI OOIIOTHUTEJILHBIN

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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9KCIIEHTPUCUTET (UM Nporud) OT OTHEBOTO BO3OEMCTBUS OMPEeHesIsioT
1mo opmyie

) et = a(astts -
apttp)l“0/8ho.
(5.43)

[Tpu 4eTHIPEXCTOPOHHEM Harpese et = 0.

II71s1 KOJIOHH C HecMeIllaeMbIMH 3aJelKaMK Ha [OByX KoHIlax (0e3
nmosopoTa) a = 0,55.

II71s1 KOJIOHH C HeCMellaeMbIMH 3afejIkaMH Ha OBYX KOHIIaX C
IIOOATJIIMBEIM OT'PDaHUYE€HHBIM IIOBOPOTOM d = 0,7.

117151 KOJIOHH C IIaPHUPHBIMU OIIOPAaMM Had OBYX KOHIAX d= 1,0.

Kosdpoduiiment apt mpuHUMAIOT MO Taba. 2.4 B 3aBUCUMOCTH OT
TeMIlepaTyphl 0eTOHa MeHee HarpeToU CXKaTOM I'paHu CeUYeHUs U ast
- 1mo Tabn. 2.9 B 3aBUCHMOCTH OT TeMIIepaTyphl apMaTyphl Y
HarpeBaeMoU I'paHHU.

Ko/10HHBI ABYTAaBPOBOI'O CcedeHus

5.18. IIpoBepKy OrHECTOMKOCTH I10 IIOTEPE MPOYHOCTHU ABYTaBPOBBIX
Ce4YeHUU C CUMMETPUYHOM apMaTypou, COCPEOOTOYEHHOU B IIOJIKax
IIPpU 4YEeTHLIPEXCTOPOHHEM OTHeBOM Bo3meuctBuum (puc. 5.18),
IIPOU3BOIAT CIEAYIOIINM 00pa3oM.

Ecnu cobriofgaeTcs ycinoBue

N =
Rpnb'fth'ft,
(5.44)

(T.e. rpaHHIla CXaTOM 30HBI TMIPOXOOUT B TIIOJIKE), pacyeT
IIPOM3BOAUTCS KaK [Jisi IPSIMOYTOJIBHOIO CEYeHHs IIHPUHOU b'ft B
COOTBETCTBHUHU C II. 5.16.
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A

N T Qe bs &  5C
| = il S| T

¥ LA

Puc. 5.18. CxeMa yCUJIUH B IOIIEPEYHOM ABYTaBPOBOM CEYEHUU
BHEIIEHTPEHHO CXKAaTOT0 3JIeMeHTa IIPU YeTHIPEXCTOPOHHEM OTHEBOM
BO3EMCTBUHU

Ecnu ycnoBue (5.44) He cobntomaeTcs (T.e. TpaHUIla CKaTOU 30HHI
IIPOXOOUT B pebpe), MPOUYHOCTh CEYEHUS ITPOBEPSIOT U3 YCIIOBUS

Ne = Rpnbitx(hot - 0,5x) + RpnAov(h0t - 0,5h'ft) + RsctA's(hot -
a', (5.45)

rae BBICOTY CXKAaTOM 30HBI X IPUHUMAIOT PaBHOU:

a) rmpu
N-R,A4
=20 Tty ¢ =&
¢ R, b £ X = Oy
0) mpu & > &R

80
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(&Ix B &Dv )(1 B éﬂ) + 2&5 éﬂ

Y
(5.46)
roe
&.=Rm:rﬂ.%= N.%=Anv.
5 L] ¥ H
Rn?-'?ébthﬂ! R&kb!kﬂi E:I!"kﬂt
Aoy - TIJIOIIAAb CXKAThIX CBECOB IIOJIKH, PaBHAs
Aoy = (b'ft -
bi)h'ft;
(5.47)
&R - cM. TabII.
5.1.

ITpy mepeMeHHOM BHICOTE CBECOB IIOJIOK 3Ha4YeHue h'fi npuHuMaeTcs
PaBHBIM CpegHeU BbICOTE CBECOB.

Ko1ouHBI KPyIJjioro cedeHnus

5.19. OrHecTOUKOCTS I10 IIOTEePe IPOYHOCTU KPYIJIBIX CeYeHuu (puc.
5.19) ¢ apmaTypoy, paBHOMEPHO pPacCHIpeaeleHHOU II0 OKPYXKHOCTU
(Ipu ¥mcie IPOOOJIbHEIX CTEPKHEN HE MeHee 7), IPU KjlacCce apMaTyphl
He BbIllle A400 IpoBepsieTCs U3 YCII0BUS

3l ﬂ'@,

3 T,
bm"qmz‘ t Rm:f'[q:.m —éﬂ e
r
(5.48)

rOe r - paguyc IoIepeyHoro CeYeHus, rt = r- dat, dt - CM. . 5.14;
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&cir - OTHOCUTEITbHAS IIIOIIAb CXKATOMW 30HLI O€TOHA, OIpeaesnsieMast
crenyomuM o6pa3om:

IIPHU BEIIIOJIHEHUWH YCJIOBUSA
N = 0,77RbnAred +

0,645RsntAs, tot
(5.49)

Puc. 5.19. CxeMa, IpuHUMaeMas IIpU pacyeTe KPYyrjioro ceueHus
BHEIIEHTPEHHO CXKaThIX 3JIEMEHTOB ITPU BCECTOPOHHEM OTHEBOM

BO3EMCTBUHU
13 pelleHusl ypaBHEHUS
st 2L,
N-I- Rmrﬂ:,m + R&x"qmz‘
é- — 2T
[k ’
R‘-!Ix"qmz‘ + R‘mt‘q}:ﬁ

(5.50)

IIPY HEBHIIIOJIHEHUH yCI0BUA (5.49) U3 pelieHus ypaBHEHUSA
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sin 27,
27T

R&x"qmi + Rmrﬂs,m ,
(5.51)

W+ R&r(qmi
éﬂ'?’ =

@ - Ko3(ppUIIMEeHT, YYUTHIBAIOUINM pabOTy pPacTIHYTOM apMaTyphl U
IIPUHUMAaEMBbI PaBHBIM: IIPU BBINIOJHEHUU ycnoBusg (5.49) ¢ = 1,6(1 -
1,55&cir)écir, Ho He Gonee 1,0; Tpu HEBBITTOTHEHUU YCIIOBUS (5.49) @ =
0;

As tot - LIOLIanb CeYeHUs BCeU IIPOAOJIbHOU apMaTyPHL;

Ared - 1o dopmyne (5.30);

's - PagUuyC OKPYZXKHOCTU, IIPOXOOAIleld Yepe3 LEeHTP TAXKECTU
CTepKHeU IIPOLOJIbHOU apMaTypHL.

MomMmeHT M ompefnensieTcs ¢ yaeToMm Imporuda 3jeMeHTa.

M=Ne(Qn,
(5.52)

N - K03 punureHT, onpenensaeMsi o popmyie (5.36).

[IpoBepky Impenesla OTrHECTOUMKOCTH [0 IIPOYHOCTHU, a TaKXkKe
onpepnesieHre He0oOXOOMMOI'0 KOJIMYeCcTBa MPOOOJIBHOW apMaTyphl OIS
KPYTJIBIX CEYEeHUU OOIYCKaeTCs IPOU3BOOUTH C IOMOIIBIO rpadMKOB Ha

puc. 5.20, UCTIOIb3ysa (HOPMYJILI

M=
amRbnAredrt;
(5.53)
an = N/Rpn-Ared, as =
Rsnt*As,tot/Rbn"Ared.

(5.54)

[IpoYyHOCTE KOJIOHH, BBIYHCIEHHas 1o ¢opmynaMm (5.29), (5.31),
(5.44), (5.45), (5.48) m (5.53) oT HOPMATHBHOM HATrPy3KH IIpH
CTAHOAPTHOM IIOXKape IJIUTEIbHOCTBHIO, COOTBETCTBYIOIIEH MIpemeny
OTHECTOMKOCTH R, momxkHa OBITh paBHA MM OOJbINIE ITPOYHOCTU OT
HOpPMaTUBHOUN HArpPy3KHU [0 Ioxapa.
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Hecyuiue cTeHbI

5.20. XKene300eTOHHBIE HECYIIWE CTEHBI CIIJIOITHOTO CEeYEeHHUs C
rubkocteio A <= 83(lo/ht = 24) mnpu OOHOCTOPOHHEM OTHEBOM
BO3[EMCTBUU C 2KECTKMMH HeCMeIllaeMbIMHA OIopaMu, Korpga
MIPOAOoJibHAsA CXKUMalomlasi Ccujla IIpujoXeHa C HaYaJdbHLIM HWIIHN
CIy4alHBIM  9KCIEHTPUCUTETOM CO CTOPOHH  0oOOrpeBaeMom
IIOBEPXHOCTHU, paboTaloT Ha BHEIEHTPeHHOoe cxXkaTue. Ilpemen
OTHECTOMKOCTH TIIO IIOTEPE HECYIIed CIOCOOHOCTU HaCTyIlaeT IIpHu
nporube CTeHHI, HAllpaBI€eHHOM B HEOOOTrpeBaeMyIO0 CTOPOHY.

[Tporub6 OoT HepaBHOMEPHOTO HarpeBa CTEHHI II0 BLICOTE CEYEHUS B
pacyeTe He YYMTHIBAIOT, €CJIM OH HalpaBJieH B 000rpeBaeMyi0 CTOPOHY
1 YMEHbIIIaeT 3KCIEHTPUCUTET ITPUI0KEHUS IPOOOIbHOM CXKUMaIOIIen
CUJIHL.

[Ipr OOHOCTOPOHHEM OTHEBOM BO3IOENMCTBUM U C IKECTKUM
ONMpPaHWEM CTEHBI IIPOYHOCTh BHEIEHTPEHHO CXKATHIX IIJIOCKUX
9JIEMEHTOB TIPU NPUJIOKEHUU MPOAOJIBHOM CHUJIBI C  OOJIBIINM
SKCIeHTpucuretoM (puc. 5.21), korga § = x/h0t < ¢R, onpenensioT I10
dopmynam (5.31) - (5.33).

PacueTHBIM TIpenesl OrHECTOMKOCTH Kele300eTOHHBIX CTEeH IIpHu
KOHTAKTHOM OIIMPaHUMW Ha YHOPYTro-TIOOaT/IMBOe OCHOBaHHE IIpU
PacCTBOPHBIX MIBaxX ToamuHOM 20 MM yMHOXKaeTcsd Ha KO3(pPUIHMeHT
ynpyrou nogatiauBoctu 0,75; mpu mIBaX TOIIIUHON 5 MM, 3all0JTHEHHBIX
IIeMeHTHO-IIecyaHol nnacroi, - 0,85.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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o 81 02 03

YciioBHBEIE 0003HAYEHUS:
npu G/Dcir= 0,05
------------------- npu d/Dcir= 0,10

Puc. 5.20. 'paduku Hecy1ieil cnocoOOHOCTU BHEIIEHTPEHHO CXKAaThIX
971€eMEeHTOB KPYTJIOTO CEYEeHUST

) PazHelleHWe peKnakbl B J0KYHMEHTAX W Ha caiite www.complexdoc.ru
* Ten.: +7 {(495) 506-71-51, +7 (105) 506-78-57, info@complexdoc.ru



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

a)
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Puc. 5.21. 2Kesre300eToHHAasI CTeHA C OrPaHUYEeHHELIM IIOBOPOTOM
OIOPHBEIX CEYEeHUU

a - paCuyeTHBLIE pa3Mephl CTEHH; O - CXeMa pPa3pyILIeHUsT CTEHEI TPU
OOHOCTOPOHHEM OTHEBOM BO3[ENCTBUH; 8 - CXeMa CEeYEeHUSI CTEHHI IIPU
pacyeTe OrTHECTOMKOCTH

B ycrnoBusx moxapa [OBYXCTOPOHHUU 0O0OTpeB Kejie300eTOHHOU
CTeHBI He Bcerga Bo3MozxkeH. OOHAKO MpU HarpeBaHUU OOHOBPEMEHHO
C OBYX CTOPOH B Kej1e300eTOHHOUW CTEeHe IMPaKTUYEeCKH He BO3HHUKAET
TeMIIepaTypPHOro Imporuda U CTeHa IIPoAoJiKaeT paboTaTh Ha CXKaTHue.
[Ipemen orHeCTOMKOCTU R TakKOW CTEHBI, BO3SMOXKHO, OyOeT BHILIE, YeM
IIPpM OOHOCTOPOHHEM HarpeBe, HO OH [OOJIKEeH OBITh NIPOBEPEH
pacyeToM.

ITPHUMEPBI PACYETA

IIpumep 9. JaHo. 2Kene3zoOeToHHast KOJIOHHa cedyenrueM 1200x 1200
MM; 0eTOH Tsxkejbii Kiacca B30; Rpn = 22,0 MIla; apmaTypa Kiacca
A400 360040; Rsc = 355 MIla; konouHa BeIcOTOM 4,0 M HaxXOOHUTCS B
IIO3€MHOM 3TazXe BLICOTHOT'O 3[aHMsI; 3alIUTHBINA cjIoM 6eToHa 30 MM;
IIpenesl OTHECTOMKOCTHU II0 ITOTepe HecyIel CIIOCOOHOCTU YCTAaHOBIIEH
R240.
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Tpebyemcs omnpenenuTh (GaKTUYECKHUU IIpefesl OTHEeCTOMKOCTH II0
TIOTEpPe HecyIle CrtocoOHOCTH.
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Puc. 5.22. K npumMmepy 9. ApMupoBaHU€e KOJIOHHBI

a - IO IPOEKTY; 6 - 10 pacuyeTy OTHECTOMKOCTH; t - pacrupeneneHue
TeMIlepa Typhl B 0€TOHE IT0 OCU CTOPOHBI KOJIOHHHI (OCh X-X)

Pacuer. [lo npoekTy apMaTypa pacIiOjioKeHa BIO0JIb HarpeBaeMbIX
IIOBEPXHOCTEN KOJIOHHHI (puc. 5.22, a) Ha paccTtogHuu 50 MM OO ocu

) PasdelweHle peknarsl B A0KVHEHTAX M HA caiiTe www.complexdoc.ru
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apMmaTypbl. Ilpu 4YeTHIpEXCTOPOHHEM OTHEBOM BO3OEWCTBUU BCEe
CTEepKHHU apMaTypel OyOyT CHJIBHO HarpeBaThcs. I[lo puc. B.7
MIPUJIOKEHUS b HaxomouM TemIlepaTypy OCH KaXXAOTO0 CTEepPXKHS IIpU
OIUTENIbHOCTH CTaHOapTHOro moxapa 240 MHUH B KaXXOoW 4YEeTBEPTH
CedeHUs, MHTePHoJIupysa TemnepaTtypy cTopoH ¢ 200 mm go 600 mm.

4G40 ts = 890°C A's = 5:10°% Mm% pst = 0,05;
8040 ts = 750 °C A's = 10-10° MmM? st = 0,16;
80140 ts = 680 °C A's = 10-10% Mm% pst = 0,25;
16040 ts = 660 °C A's = 20-103 mm? pst = 0,28.

KoadduumeHT ycnoBusi paboThl apMaTypHl Yst HaX0auM 110 Tabi. 2.8
B 3aBUCUMOCTH OT TeMIepaTyphl apMaTyphl. Haxomum rmayOuHy
IIporpeBa TsKejioro OeToHa Ha CUJIMKATHOM 3allOJTHUTEJNe [0
KPUTUYECKOU Temmepatypsl tp,cr = 500 °C mo puc. 5.3,a - at = 65
MM. [IpuBegeHHas BhicOTa cedeHus mno dopmyne (5.6) ht = h - 2at =
1200 - 265 = 1070 mmM. [IpuBegeHHas Oiolladb CEYEHUS KOJIOHHEI 110
dopmyne (5.7) paBHa Ared = 0,9-1,070-1,070= 1,03 M2,

KosoHHa uMMeeT KeCTKYI0 3afelIKy Ha IOBYX KOHIaX. PacueTHas
OJIMHA KOJIOHHEI paBHa I = 0,51 = 2 M. [IpuBegeHHast BLICOTa KOJIOHHEI
hot = h - a - at = 1200 - 50 - 65 = 1085 MM. ['MOKOCTH KOJIOHHEI
A = I1o/hot = 2/1,085 = 1,84 < 20. PacueT OPOYHOCTH MPHU
YeTHIPEeXCTOPOHHEM OTHEeBOM BO3OEWCTBHH IIPOBOOMM II0 (opMmyie
(5.29), B KoTopoi @ = 1,0:

Rpn Ared = 22-1,03-10°% = 22.66-10° H;

Rsct As,tot = 355 (0,055 + 0,16-160 + 0,25 10 + 0,28-20)103 = 3,53
10” H.

Harpy3ky, KOTOpPYy¥o MOXKeET BOCIPUHATH KOJIOHHA I[IpU IoXkKape
OJIUTEJIbHOCThIO 240 MUH, paBHa

N =22.66-10% + 3,53-10% = 26,19 10° H.

OTa Harpy3ka MeHbIlle HOPMaTUBHOU HArpy3KuU (30-106 H) nmo
nmoxapa. IIpemen orHectoukoctu R240 KO/nMOHHa TIIPU TaKOM
apMupoBaHUU He obOecnmeuyuBaeT. [IJiT TOBHIIEHUS IIpefesa
OTHECTOMKOCTH HeoOXOOMMO pacIpefeiuTb apMaTypy II0 BCeEMY
IIOIIePeYHOMY CeUYeHHIO0 KOJIOHHEI (puc. 5.22, 6).

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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[Ipy pacmoJioKEeHWH apMaTyphkl IO BCEMY IIOIIEPEYHOMY CEUYEHUIO
KOJIOHHBI apMaTypa MPOrPeeTcsi:

440 1o ts = 890°C A's = 5103 mm? pst = 0,05;

80140 1o ts = 680 °C A's = 10-103 mm? pst = 0,25;

80040 1o ts = 660 °C A's = 10-103 mm? pst = 0,28;

4G40 1o ts = 280°C A's = 5103 Mm? pst = 1,0;

8040 mo ts = 250 °C A's = 10-103 mm? pst = 1,0;

4040 o ts = 150 °C A's = 5-103 mm? pst = 1,0.
KosoHHa BOCIpUHUMAaET Harpy3Ky

N=22,66-10°% + 3,55 (0,055 + 0,25-10 + 0,28:10 + 1-20)103 =
31,73-10° H.

OTa Harpys3ka OoJibllle HOPMaTUBHOM (30-106 H) u KomoHHa mOpu
pacmojioXKeHWM apMaTypbl 1[I0 BCeMYy IIOIEPeYHOMY CeYeHHIO
obecrmeyurBaeT TIIpefesl OTHECTOMKOCTH II0 IIoTepe  Hecylleu
criocobHocTtu R240.

IIpumep 10. [JaHo. 2ZKene3obeToHHAsI KOJIOHHA ceuyeHueM 600x600
MM. beToH Taxenbin Kinacca B35; Rpn = 35,5 Mlla; apmaTtypa Kiacca
A500 25036; Rs¢ = 400 MlIla; BeICOTA 3Taxka 3,9 M; ycunusa OT
HOpPMaTUBHEIX HAarpy30K Np = 10420 kH; Mn = 24,6 kH-m (Puc. 5.23).

50°C 110°C 480°C 1068

S A

{30

8
2

1068°
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Puc. 5.23. K npumepy 10. Pactipenenenue Temnepatyphl B OeTOHE U
apMaType KonoHHB 600X600 MM IpU 4eTEIPEXCTOPOHHEM
CTaHOAPTHOM MoXKape OIuUTeNbHOCThIO 180 MuH

Tpebyemcs onpenenuTh pacyeToM obecliedyeHne KOJIOHHOM IIpenesa
OTHECTOMKOCTM II0 IIoTepe Hecymei crnocobHoctu R180 mipm
YeThIPEXCTOPOHHEM OTHEBOM BO3OENCTBUM.

Pacuyer. ApMmaTypHBIE CTEPXKHU pPaABHOMEPHO paclpenesieHbl II0
CEYEeHUIO KOJIOHHHBI: 110 5 CTepXKHEN Ha KaxXaou CTopoHe. PaccTrosiHue
OT HarpeBaeMbIX CTOPOH KOJIOHHBI OO 1-ro psapma crtepxHeu 60 MM,
oo 2-ro psapga - 180 MM U 00 LeHTpaJbHOTO CTepXkHS - 300 mMm. U3
puc. b.7 npunoxenusa b nmsa komnoHHBI cedeHueM 400x400 MM u
OJIUTEJIbHOCTBIO  CTaHJaApTHOro moxapa 180 MuMH  HaxoguMm
TeMIlepaTypy HarpeBa BCeX CTepzXKHeu B KOJIoOHHe cedyeHueM 600x600
MM C IIOMOIIbI0O HHTepIonsuuu. I[lo Tabn. 2.8 B 3aBUCUMOCTHU OT
TeMIepaTypbl HarpeBa apMaTyphbl HaxXOOguM KO3(PPUIHEHT YCIOBUA
PaboOTHI Pst

19936 ts =50 °C A's = 1018 MmM? pst = 1,0;
4036 ts=110°C A's = 4072 MmM? pst = 1,0;
40136 ts = 150 °C A's = 4072 Mm% pst = 1,0;
12036 ts = 480°C A's = 12216 MM? pst = 0,54;
4036 ts = 700°C A's = 4072 mm? pst = 0,20.

2RsctAs tot = 400(1018-1 + 4072-1 + 4072-1 + 12216-0,54 +
4072-0,20) =

= 400-16573 = 6,6-10%-H.

['nmybuHa nmporpeBa TskKejaoro 0eToHa Ha CUJIMKATHOM 3aIl0JHUTEJIe
10 puc. 53,a OO KpUTU4YeCcKou temnepartypsl tp,cr = 500 °C - at = 50
MM. [IpuBegeHHAas BEICOTa ceueHusd 1mo ¢popmyie (5.6) ht = h - 2at = 600
- 2:50 = 500 mmM. ITpuBegeHHas IJIOIIaAb CeUeHUsT OeTOHA KOJIOHHBI 110
dopmye (5.7) paBHa Ared = 0,9-0,5-0,5 = 0,23 M.

RpnAred = 35,5-23-10% = 5,87-10° H.

OKCIEHTPUCUTET IIPOOOIbHOM CUJIBI IO popmyie (5.35) paBeH
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g = ﬂ =00024 m =24 M
10420

OKCLEHTPUCUTET IIPOOOJIBHOU CHUJIBI He IIpEeBHBIIaeT CIIy4YaWHBIU
9KCIIEHTPUCUTET, MaKCHUMaJlbHOe 3HadeHue KoToporo coctaBuio h/30
= 600/30 = 20 MM, npuHuMaeM e() = 20 MMm.

PacueTHas BrICOTa KOJIOHHEL IIPU KECTKOU 3afejIke Ha OOHOU OIlope
1 MOJaTJIMBOM 3alesike Ha Apyrou omope Ig = 0,71 = 0,7-3,9 = 2,75
M. JTa BBICOTA KOJIOHHHI MeHbIne [) =20ht =20-0,5 = 10,0 m. IIpnm
OEeUCTBUU IMPOLNOJILHOUM  CHUJIBI, [PUJIOKEHHOU CO CJIydYauHBIM
akcueHTpucuteToM €9 = h/30 u ipu ep < 20ht pacueT TPOUI3BOJUTCS U3
ycnoBus (5.29), B KOTOpoM KO3(DPUIIMEHT (p ONpenesnsaoT 1o GpopMye
@ = (pb + 2(@sb - Pb)as, HO MPUHUMAIOT He 6oree @sp. ITnomanb Bce
apMatypHl As,tot = 25-1018 = 25450 MM, [Tnomage IPOMEXRKyTOUYHBIX
cTepxHei As mt = 15-1018 = 15270 mm?

A,y _ 25450

A, =15270> " 3483 1’

: e
Q= ZR’“A”‘” = 6,6-10 =112 >05

5 f
Koadduiment LA 58710 u @sb = @. IIpm 10/ht
= 2,75/0,5 = 5,5 mo Tabmx. 5.2 ¢ = 0,93.

CxuMalomiasi MOPOOOJIbHAS CHJIa, KOTOPYIO MOXKET BHIIEpPzKaTh
KOJIOHHA ITPHU IT0XKape, paBHA

N = 0,93(5,87 + 6,6)105= 11,6-10° H = 11600 xH > 10420 xH.

[Ipm BO3OeNCTBUM CTAHOAPTHOTO MOXKapa OJIXUTENIbHOCThI0 180 MuH
KOJIOHHA BBIOEPXKHMBAET CHIIy OOJBIIYI0, YeM CHJIa OT HOPMAaTUBHOM
Harpy3Kd [0 II0oXKapa, CJIeJoBaTeNIbHO, IIpedel OTHECTOMKOCTH IIO
norepe Hecyitle cnocobHocTu R180 KomoHHa obecrieuynBaerT.

IIpumep 11. [laHo. XKene3zobeToHHasT KOJIOHHA BHICOTOM 4,8 M
KpPYTJIOTO ceueHus nuameTpoM Dcir = 450 MM, a = 40 MM; 6eTOH Kjtacca

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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B25; Rpn = 18,5 MlIla, Ep = 3-10% MlIla; npomonbHass apMaTypa Kiiacca
A400 10920; Rsc = 355 Mlla; As,tot = 3140 MM; IIPOAOJIbHAA CUJla U
MOMEHT B BEPXHEM OIIOPHOM CE€YEHUU OT HOPMATUBHBIX IIOCTOSTHHEIX U
BPEMEHHBIX OIIUTEeNIbHBIX Harpy30K Np = 1700 kH; Mp = 60,0 kH-M.

Tpebyemcsi TIPOBEPUTH HECYIIYI0 CIIOCOOHOCTH KOJIOHH TIpHU
OIUTENbHOCTU CTAaHOAPTHOIO moxkapa 90 MuH.

Pacuyer. BepxHee cedueHHe KOJIOHHBI PacCIOJIOKEHO Yy MOOaTIMBOU
3alesIKu, CorjlacHo m. 5.14 pacdyeTHas OJWHA KOJIOHHH [ = | = 4,8 M.
['myOuHy mporpeBa A0 KPUTUUYECKOU TeMIlepaTyphl TsKeJioro OeToHa
Ha CHUJIMKAaTHOM HaIIOJIHUTEJe HaxXxOOuM IO puc. 5.3, mpuHuUMasd b =
1,1d = 1,1-450 = 495 mm, at = 32-1,1 = 35 mm (1. 5.14). IIpuBeneHHBIA
nguameTp KONOHHEI Deir,t = Dgir - 2at = 450 - 2-35 = 380 m™m; 1t =1 - at
=225-35=190MM; rs =r-a = 225-40 = 185 mm.

[To popmyne (5.35) onpenensieM 3KCLHEHTPUCUTET IIPOAOIbHOU CUIIBL

2 =%=ﬂ=ﬂ,035 M =35 MM
N, 1700

b
OmnpepensgeM XecTKocTb D 1o ¢opmyne (5.38). [Ins 3Toro
BBIYHCIISIEM:

M1 = Mn + Np'rt= 60 + 1700-0,19 = 417 xH-m.

B c¢BsI3u ¢ y4eToM B pacyeTe OTHECTOUKOCTU  TOJIBKO
KPaTKOBPEMEHHOT' O JENUCTBUS HArpy30K M1 = M]1 u no ¢popmyne (5.40)
8 35
L == =00%9< 0,15,
Dm 330

@1 = 2. Tak KakK npuHuMaeM 6e = 0,15.

MoMeHT uHepInyu OETOHHOTO CeYeHUS U BCel MPOMOIbHOM apMaTyphl
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fﬂl‘

J=d o

64

314 380*

=102310° m*:

;= At 3140185
S

=54 32-10° wmr*:

TemnepaTypy HarpeBa apMaTyphl ompefgessseM 10 puc. B.7
MIPUI0KeHus b mo ocu cTOpoHBI KOJMOHHBI ceyeHrueM 400x400 MM npu
OJIATENbHOCTH CTaHOApTHOro mnoxapa 90 MMH Ha PacCTOSHUU OT
HarpeBaeMOU IIOBEPXHOCTHU OO OCU apmaTyphl ts = 408-1,1 = 448 °C
(cm. m. 5.14). Ilo Tabn. 2.8 Osns 3ToM TeMIlepaTyphl HaXOOUM 3HAYEHU A
KoadppumuentoB pst = 0,73 m Ps = 0,83. Pacuer BemeM 110
IIpuBeIeHHOMY cedeHHI0 U B popmyne (5.38) Ebt = Eb Pb. Ilpu tp =
200 °CBp =0,7.

_ 015073101023 10°

D
2(0,3+0,15)

+07-210°0 083 5432-10° =114-10% H- nme®.

ITo popmyne (5.37) kpuTuyecKass Cuia
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_314%11410°
T 48002

= 4500

Koaddurment n o popmyne (5.36) paBeH:

I
7T
4900

=154

MOMEHT OT HOPMATUBHOM HArpy3Ku C ydeToM Iiporuba - (popmyna
(5.52))

M =1700-0,035-1,54 = 92 kH-Mm.

[IpoYyHOCTh CcedyeHUS IIpoBepsieM u3 ycCiaoBuUA (5.53) C ITOMOIIBIO
rpaduka Ha puc. 5.20. OmpepgenseM TIIomlagb OIPHUBEOEHHOIO
OEeTOHHOTO CeUYEeHUS

P
=113354 mw*; @, = N [ TO0I0 e

A, _ 314-380* ) )
R.A. 185113354

A= 4

=039 & 5=Di=% =01 1 nazogum @, = 0,33

o Fadi 3350733140
© R A, 185113334

.t
M = 0,33-18,5-113354-191 = 132 kH-m > 92 kH-Mm.

[Ipy BO3OENCTBUU CTAHOAPTHOTO IlOXKapa OIUTENbHOCThI0O 90 MHH
ITPOYHOCTH KPYTJIOM KOJIOHHBI 0OecredyeHa U OHa BHIIEPKUBAET IIpefert
OTHECTOMKOCTH II0 IToTepe HecyIeln cnocobHoctu R9IO0.
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IIpumep 12. IlaHo. HpOCTeHOK onuHou 1500 MM u I_I_II/IpI/IHOI/I 300
MM; OeToH Knacca B25; Rpn = 25,5 MIla, Ep = 34,5 10 MTITIa;
apMUpOBaHMNE CUMMeTpPUUYHOEe As = A's = 10036 = 10179 MMZ, a =a' =
60 MM apMmaTtypa kinacca A500; Rsn = 500 MIla; Rsc = 400 MHa Es =
2-10° MIla; HOpMaTHBHas Harpys3ka Ha npocTeHokK Np = 4000 kH, Mn
= 20,0 kH-M; pacuyeTHas BeicOTa ImpocteHka [Q = 0,7-:3900 = 2730 mm.

Tpebyemcs onpeOenuTb pacyeTOM IIPOYHOCTh IITPOCTEHKA IIPH
Ipenesie OTHECTOMKOCTHU TI0 IToTepe HecyIel cnocobnoctu R180.

Pacuer. IIpocTeHOK mnogBepraeTcs OOHOCTOPOHHEMY OIHEBOMY
BO3OeuCTBUIO mnuTeabHOCThI0 180 muH. [Io puc. A.2 npunoxeHusa A
o cTeHbl BeicoTOoM 200 MM HaxomuMm TNTyOMHY IIporpeBa 0eToHa OO0
Kputuuyeckou temiiepatypsl 500 °C - ar= 53 MM U TeMmmeparypy
apMaTypsl tpu a = 60 MM ts = 460 °C u pst = 0,58 (Tabn. 2.8). Harpes
O6etoHa Ha TommuHe 300 MM HaXOOUM SKCTpPAIOJAIMEN: TeMIlepaTypa
apMaTyphl OKOJIO XOJIOOHOM MoBepPXHOCTH t's= 55 °C u nmo Tabmn. 2.8 y'st
=1,0; B's = 0,92. Ilpu tpm = 200°C Bpt =0,7.

HaxopuMm pa3Mephl IPUBEIEHHOTO CeYeHUs IIPOCTEHKA

ht = h-at =300 -53 =247 mm; h0 = h-a = 300 - 60 = 240 MMm;
bt = b - 2at= 1500 - 2:53 = 1394 mum;

hot =h-a-at=300-60-53 =187 mm.

['1OKOCTB ITPOCTEHKA

Iy 2730 _

b 247

OKCIIEHTPUCUTET NPOAOJILHOM CHUJIBI OTIPEHENIAIOT C y4eToM ITporuba
IIPOCTEHKA OT MPOAOJIbHOTO U3ruba ¥ OT HEPaBHOMEPHOTO Harpesa IIo
BbICOTE cedyeHUs: mo ¢opmyne (5.34). [Ins ompeneneHuss nporuda OT
IIPOJOIbHOTO M3ruba CHadajia onpepensieM Ko3hbULUMEHT @1 npu M1
= Mi1

o dopmyne (5.40) @1 = 2;
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2 =£=D,DD5 M=D0 MM
4000
Tak Kak

g, = i i =002 <015, npurumasm §, = 0,15,
h 247

[

oo AEAE, 101792 10° 101792107 0,92

: =047,
b B, 1394247345 10° 0.7

i

2KecTKOCTh cedeHHUs IPOCTeHKa o popmyne (5.39) paBHa

0,0125

2(0,3+0,19)

187 - 60

]
D=34510° 07 1394 247 +D,1?5-D,4?[ ] ] =65 107 H-

YcnoBHas kputudeckasi cuina 1o (5.37)

_ 314865107

¢ = T = 26855 4

KoaddurmenT yuera nmporubda mpocTeHka 1 1mo popmyse (5.36) paBeH
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I
74000
26855

=118

OT HepaBHOMEPHOIrO HarpeBa II0 TOJIIMHE NPOCTEHKa oOpa3yeTcs
TEMIIEPATYPHBIM TIPpOru0b, KOTOPHIM YBEeIUUYHUBAET SKCIEHTPUCUTET
IIPOAOJILHOM CHUIBI, TAaK KaK OH HaIlpaBleH B OOHY CTOPOHY IIporuba
OT IIPOAOJIbHOUM cuibl, ¢opmyna (5.43). ITo Tabn. 2.9 npu ts = 460
°C K03pPUIIUEHT as = 13,8:10°° °c! TIo Ta6n 2.4 npu tp = 50 °C
KO3pPUIIUEHT abt = 9-10% °cl. [Iporu®6 TmpoCTEeHKa OT
HepaBHOMEPHOTO Harpesa I10 BEICOTE CEYEHU S

2730°
8187

e, = 0713210460~ 9:10° 50)2° = 21 e

OOuIui 5KCIeHTPUCUTET
e =>51,18 + 0,5(240 - 60) + 21 = 116,9 mm.
MoMeHT OT HOpMaTUBHOU Harpy3Ku
Mn = N-e =4000-0,1169 = 467 xH-Mm.
OmnpepernseM BBICOTY CKaTOU 30HBI cedeHUs 110 popmyie (5.33), Tak

Kak 1mo ¢opmyne (5.32) € > ER. [lo Tabn. 5.1 nmpu apmaType Kiacca
A500C ¢R = 0,493.

__ 400010 +500-0,58-10175(1 + 0.493)/(1 -0.493) - 400- 10179 _

57 mm
2551394 + 2500 0,58 101?9;’187[1 —0,493)
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Pacuer mpoYHOCTH IIPSMOYTOIBHOTO CEeYEeHMS IIPOCTEHKAa IIpHu
OrHeBOM Bo3mercTBuU 180 MUH MTPOU3BOAUTCS U3 yciioBus (5.31).

M = 25,5-1394-108(187 - 0,5-57) + 400-1,0-10179(187 - 60) = 859
KH-Mm > 467 xH-M.

CnemoBaTenbHO, IIPOCTEHOK OOecmedyuBaeT ITPENEN OTHECTOMKOCTHU
110 IoTepe Hecylen crtocobHocTu R180.

OrLecToMKoCTh OEeHTPA/IbHO H BHEINEHTPEHHO PACTAHYTBbIX

3JIEMEHTOB
5.21. B Hecymux KOHCTPYKLUAX ¢(epM, apoK HMEITCA
Kene300eTOHHBIE 3IEMEHTHI, KOTOPhle paboTaloT Ha ILieHTpaJibHOEe U

BHEIIEHTPEHHOEe pacTskKeHue. Kak mpaBuUjio, 9T 3JIEMEHTH BO BpeMs
Imoxkapa o60oTrpeBalTCsi CO BCEX CTOPOH (puc. 5.24).

A’

’ A

N
——JRud,' T [ &

I

Y e __._._M ."‘"\\\_.\‘!\ J’

g IIW
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Puc. 5.24. CxeMa yCHUJIUU U 31I0Pa HalpsaXKEeHUM B CEYEHUH,
HOpPMaJIbHOM K IPOMOOJIbHOM OCU BHEIIEHTPEHHO PaCTIHYTOTO
&Kee300eTOHHOTO 3JIEMEHTAa, IIPU YeTHIPEXCTOPOHHEM 000TpPEBE BO
BpeMs MozKapa IIPpY pacyeTe OTHECTOMKOCTH

[IponobHas CHUila IPUIIOKEHa: d - MeXny ycunusiMu B apMatype As 1 A's; 0 - 3a
IIpenesaMy pacCTOSIHUS MeXOy YCUIIUAMU B apMaType As U A's

[TpOYHOCTh MNPSAMOYTOJILHBIX KEeIe300eTOHHBIX JJIEMEHTOB IIpHU
BCECTOPOHHEM OTHEBOM

BO3OENCTBUU CIeAyeT BEIYUCIATH 110 (OpMyJiaM:
IIPHU IIeHTPaJIbHOM PaCTSIXKEeHUUN
N =
2RsntAs;
(5.55)

IIPU  BHEIEHTPEHHOM  pacCTAXKEeHWM U  [OPOHNOJIbHOU  CHIJIE,
MIPUIOKEHHOU MEeXOy YCUIUusIMHU B apMmaTtype S u S' (puc. 5.24)

Ne = RsntA's(ho -
(5.56)
Ne' = RsntAs (ho -
(5.57)

MIPpU OPOOOJILHOM CHIIe, NPUIOXKEHHOW 3a mpegelaMU PAacCCTOSHUSA
MeXOy yCUIusIMHU B apmaTtype S u S'

Ne = Rpn bix (hot - 0,5x) + RsctA's(ho -
a'). (5.58)

BricOTy c2KaToOu 30HBI OIIPEAENSAoT 0 Gpopmyie

X = (RsntAs - RsctA's - N) Rbn
bt. (5.59)

Ecnu x > €Rh(Q, To B ycnoBue (5.58) momgctaBnsaioT x = ERhOt,ER, CM.
Tabm. 5.1.

PaccTtossHre e OT pacTsArdBamwlilned OpPOOOJIbHOM CHIBI OO
PaBHOMOEUCTBYIOILIEW YCUIUU B apMaType OIpedessioT IIo ¢GpopMyJie
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(5.34) ©6e3 £koadduimeHTa 1, TaK KaK HET OOIOJHUTEJIFHOTO
ITPOAOJILHOTO M3ruba OT pacTsATUBaIOIIe CUibl, 1 0e3 et, TaK KakK IIpu
BCECTOPOHHEM OTHEBOM BO3[IEMCTBUU HET [OIOJTHUTEILHOTO BEITH0A OT
HEepPaBHOMEPHOTO Harpesa.

Ecnu ycunme N, BeIYHCIIeHHOe 10 ¢dopmynam (5.56) - (5.58), ot
BO3OENCTBUS HOPMATUBHON HArpy3KH IIPHU CTAHOApPTHOM IIoxKape
OIUTENIbHOCTHIO, PaBHOM TMpeaesly OrHeCTOMKOCTH R, paBHO wunu
Oonbire ycunusgs N OT HOPMATUBHOM HArpy3Kd OO TIoXKapa, TO
TpeOyeMbI ITpeien OTHECTOMKOCTHU 0OeceyeH.

OrHeCcTOMKOCTD 2KejIe300€eTOHHBIX 3JIEMEHTOB IIPH HeHCTBHH

IMOoIMEepPeIHbIX CHJI

5.22. PacuerT OTHECTOUKOCTH 1o norepe MIPOYHOCTHU
Kene300eTOHHBIX 3JIEMEHTOB IIPU HOEUCTBHU IIOIIEPEYHBIX CUJI B
YCJIOBUSIX OTHEBOTO BO3OEWCTBUS M[POBOOAT Ha OCHOBE MOOeNu
HaKJIOHHBIX ceueHuu cornacHo CII 52-101.

HpI/I pacyeTe II0 MOOEJIM HaKJIOHHBIE Ce4YEeHHSA [OJIZKHEIL OBITH
obecrneyeHbl IIPOYHOCTBIO JJIEMEHTa IIO IIOJIOCE MEeXKNY HAaKIIOHHBIMKX
CeYeHHndMHU M HAaKJIOHHOMY CEYE€HHIO Ha JlefICTBI/Ie IIOIIEPEYHBIX CHUII, a
TaK2Ke ITPOYHOCTHLIO ITIO0 HAKJIOHHOMY CE4YEHHIO Ha HeﬁCTBHe MOMEHTa.

Pacuem dicesne306emoHHbIX 3/1eMeHmMo8 No Nno/oce MQDfCOy
HAK/IOHHbIMU cedYeHuAMU

5.23. PacueTr Xene300€TOHHBEIX 3JIEMEHTOB II0 TIIOJIOCE MEXKOY
HAKJIOHHBIMU CEYEHUSIMU ITPOU3BOIAT U3 YCIIOBUSA

Qn =
(5.60)

0,3Rpnbtho,

roe Qn - monepeYHas Cujia OT HOpMaTUBHOU HAarpy3KHW B HOPMaJIbHOM
CedYeHUH d7IeMeHTa, IPpUHUMaeMasi Ha PaCCTOSTHUHU OT OIOPEI HE MEHee
hQ. [Ins BHELIeHTPEeHHO CXKaThIX 3JieMeHTOB, eciu N/Np > 0,5, mpaBas
4acTh ycJioBus (5.60) ymMHOXKaeTcs Ha KoapumueHT @p1 = 2(1 - N/Np)
npu Np = 1,3RpnA, HO He MeHee N.

Pacuem oicene306emoHHbIX 371 MeHMOB N0 HAK/AOHHbIM CeUYeHUSIM Ha
detlicmaue nonepevyHbsIX Cusl
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5.24. PacueTr u3rubaeMbIX 3JIEMEHTOB II0 HAKJIOHHOMY CEYeHUIO
IIPOU3BOIAT U3 YCIIOBUS

Qn=0Qp +

Qsw,
(5.61)

raoe Qn - momepeydyHas cujia OT HOPMaTHUBHOM Harpy3KM B HAaKJIOHHOM
CeYeHUM C [OIUHOW TIPOEKIMM C Ha IIPOMAOJIbHYI0 OCh 3JIEMEHTa,
PacIiooKeHHYIO 10 OJJHY CTOPOHY OT pacCMaTpPHUBaeMOro HaKJIOHHOTO

ceuenus (puc. 5.25);

Qp - ToTiepeYHas Cujla, BOCIpUHHMaeMas OETOHOM B HaKJIOHHOM
cedeHUnH, onpepensemMas mo popmyie

Qb =
Myp/c,
(5.62)
2 roe Mp =
1,5Rptnbth< 0.
(5.63)
F
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Puc. 5.25. CxeMa ycunuy B HAaKJIOHHOM CE€YE€HUHU 3JIEMEHTa C XOMyTaMU IpHU
pacueTe OTHECTOUKOCTH OT AEeNCTBUS IOMEPEYHEIX CUJI B YCIIOBUSAX TPEXCTOPOHHETO
OTHEBOTO BO3OEUCTBUS

3HaueHue Qp mnpuHHUMAT He Oosnee (2,5Rptn bthQ)) u He MeHee
(0,5Rptn bth0); bt onpegensioT o popmyie (5.1);
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Qsw - TIollepeyYHasi cujla, BOCIIpUHUMaeMas IOoIepevyHol apMaTypou
B HAKJIOHHOM CEeUYeHUH, olpenessieMast mo popmyre

Qsw =
0,75¢gswc;
(5.64)

(sw - YCUIKe B TIOTIEPEeYHOM apMaType Ha eqUuHUILY OJIMHBI 9JIeMeHTa

dsw =
RswystAsw/Sw,
(5.65)

rOe yst - IPUHUMAIOT II0 HaubOOJbIIEH TeMIlepaType MOMepedyHOou
apMaTypsl 1o Tabn. 2.8.

PacyeT mpou3BOOST MOJisi Haubojiee OMAaCHOM MJIWHBI ITPOEKIUU
HAKJIOHHOTO CEYEHUSs C, KOTOPYIO MPUHUMAIOT He MeHee h() u He Goee
2ho.

[TomepeyHy0 apMaTypy YYUTHIBAIOT B pacdeTe, eClIU COOJII0maeTCs
yCJIOBUE

dsw =
0,25Rptnbt.
(5.66)

[ITar momepevYyHou apMaTypHl Sw, YYUTBEIBAEMBIM B pacyeTe, MOJIKeH
OBITH He O0JIbIlle 3HaYEeHUA

swmax = Rbtnbt
h?0/Q,
(5.67)

[Tpu OTCYTCTBUU NNONIEPEYHOU apMaTypPhl UJIU HapYyILIeHUH YKa3aHHBIX
BhIIIIE TPeOOBaAHUM pacyeT MPOU3BOAST U3 ycloBus (5.62), mpuHUMAas
ycunus Qsw PaBHBEIMU HYJIIO.

Pacuer BHeLleHTPEHHO CXaThlx 3jeMeHTOB Inipu N/Np > 0,5
MIPOU3BOOSAT MO yciaoBusM (5.62), (5.63), (5.66), mpaByt0 4acTb KOTOPHIX
YMHOXKAIT Ha KO3pPUIIMEeHT

Pacuem dtcesne306emoHHbIX 3/1e MeHMO08 N0 HAK/AOHHbIM CeYeHUSM HAa
detlicmsue MomMeHMos8
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5.25. Pacuer Xene300eTOHHBIX 9JJIEMEHTOB IIO0 HAKJIOHHBIM
CedYeHUsIM Ha OelCTBHUE MOMEHTOB (puc. 5.26) B YCIOBHSAX OTHEBOIO
BO3[ENCTBUSA IPOU3BOIAT U3 YCIIOBUS

Mnp = Mg +
Msw,
(5.69)

raoe Mp - MOMEHT OT HOPMaTUBHOM Harpy3KM B HAKJIOHHOM CEeYeHUU
C OJIMHOM TPOEKIIMU C Ha NPOMNOIbHYIO OCh 3JIEMEHTa, OIIpeessieMbli
OT BHEIIHWUX CHJI, PaCHOOJIOXKEHHBIX II0 OOHy CTOPOHY OT
paccMaTpUBaeMOro HAKJIOHHOTO Ce4YeHUs, OTHOCHUTEJIbHO KOHIIa
HaAKJIOHHOTO Ce4YeHHUs, IMPOTUBOIOJIOKHOMY KOHIy, Yy KOTOPOTO
pacronaraeTcs mpoBepsieMasi IpOoOoIbHas apMaTypa, UCIBIThHIBaoIast
pacTsKeHue OT MOMeHTa B HaKJIOHHOM CEeYEeHUHU, IIPU 3TOM YUUTHIBAIOT
HauboJlee omacHble 3arpyKeHus B Ipeaeiax HaKJIOHHOTO CeYeHUSs;

Ms - MOMEHT, BOCIPUHMMAaEMBIM MPONOJILHOM apMaTypou,
repeceKkannien HaKJIOHHOE cedyeHue, OTHOCHUTENIBHO
ITPOTUBOIOJIOKHOTO KOHIIa HAKJIOHHOTO CEYEHU S

Ms =
0,9Nsho,
(5.70)

Ns - ycunue B NOpPOOOJIBHOM PaACTAHYTOM apmaTrype, IPUHUMAIOT
paBHBEIM RstAs, a B 30HEe aHKEPOBKH - 110 popmyie (5.15).
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Puc. 5.26. CxeMa yCuUIUl B HAKJIOHHOM Ce4YeHUHU 9JIeMeHTa C XOMyTaMU IIpHu
pacueTe OTHECTOUKOCTHU OT OeUCTBUS MOMEHTA B YCIIOBUSX YETHIPEXCTOPOHHETO
OTHEBOTO BO3OEUCTBUSI

[lpy mnpuBapuBaHWM K TIPOAOJIBHBIM PACTSHYTHIM CTEPKHIM
TIONIepeYHOM UIN paclipefiesIeHHON apMaTyphl ycuinrue Ng YBEIU4YHUBalOT
Ha yCUJue

2 Nw =
0,7nwewd“wRbtnt.

(5.71)

Ho mnpunumaior He 0o0Jiee O,8Rstd2wnw. 3mecy nw - YUCIO

MIPUBapPEHHLIX CTEPXKHEN; dw - fMaMeTp IIPUBapPEHHLIX CTEPXKHEM, (Qw -
KO3 PUIIUEHT, TPUHUMaEMbIN npu guaMeTpe dw = 6 MM, - 200; ripu 8
MM - 150; mpu 10 MM - 120; mpu 12 MM - 100 u npu 14 mm - 80.

MoMeHT [jid IOIlepedYHOM apMaTyphl, HOPMajJbHOU K IIPOOOJIBHOU
OCH 3JIEMEHTA, ONpedensaioT 1o GopMyIe:

Msw =
0,50Qswc.
(5.72)
Ycunus B mornepedyHou apMaType:
Qsw =
qswC,
(5.73)

rae (sw - ONpenensaoT no ¢gopMmyse (5.65), ¢ TpUHUMAIOT B IIpefenax
oT hQ mo 2h0.

[omyckaeTcsi IPOU3BOOUTL pacyeT HaKJIOHHBIX CEYEHUM, IpUHUMas
B ycioBuu (5.72) MOMeHT Mgy B HAKJIOHHOM CEYEHUM IIPU [OJIMHE
IIPOEKIINY C Ha IPOIOOJIbHYIO OCh 3JIeMeHTa, paBHOU 2h(), a MOMEHT Msw
paBeH

9 Msw =
O,5sth 0.
(5.74)

3HayeHUs NOMepPeYHbIX Cuil Q, BEIYUCIEHHBIX 10 popMmyiiam (5.60) u
(5.61), m momeHTa Mp - 1o popmye (5.69) oT HOpMaAaTUBHOU Harpy3Ka
IIPY OJINTEJIbHOCTU CTaHOapPTHOTO IMOKapa, COOTBETCTBYIOIIEN Ipeneny
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OTHECTOMKOCTU R, momKHBI OBITH PaBHBI UM 0OJIbllle 3HAYEHUU Qn U
Mn oT HOpMaTUBHOU HArpy3KHU [0 Ioxapa.

ITPUMEPBI PACYETA

IIpumep 13. [JaHo. CBoOomHO omepras OajlKa IIEPEKPHLITHUS C
pa3sMmepamu ceueHusi: b = 300 mMm, h = 360 MmM; 6eToH Kiacca B25;
Rpn = 22,0 MIla; Rptn = 1,55 Mlla; XoMyTHl OByXBEeTBeBhle U8 MM;
Asw =101 MM? ¢ marom sw = 100 Mmm; apMmaTtypa kKiacca A400; Rsw
=285 MIla; nonepeuHas cuna Ha omnope (Qmax = 150 xkH (puc. 5.25),
HOpMaTHUBHas paBHOMEPHO pacrpepnesieHHasa Harpy3ka 40 kH/m.

Tpebyemcs TPOBEPUTH MPOYHOCTH HAKJIOHHEIX CEYeHUN 1 OeTOHHOM
[IOJIOCHl MEXXAy HaKJIOHHBIMHU CEYEHHUSIMU IIPU OTHEBOM BO3[EUCTBUU
CTaHOAPTHOTIO IT0XKapa OJIMTEIbHOCThI0 60 MUH.

PacuerT. [IpouyHOCTE 6ETOHHOM MOJIOCH! ITPOBEPUM M3 yCI0BUs (5.60),
B KOTOPOM MpHUBeeHHas IMpUHa 0anku bt ormpenesnseTcs mo GopMmyie
(5.1). I'myOuny mnporpeBa 0OeToOHa Ha CHJIMKATHOM 3allOJIHUTENE IO
KpuTudecko temrepatyphbl 500 °C Haxomum 1o puc. 5.2. [Insa Ganku
mmpuHor 300 MM ar = 15 MM, by = 300 - 2-15 = 270 MM, Torma Qn =
0,3:22-270-360 = 640 xkH > 150 xH.

[TpOYHOCTH HAKJIOHHOTO CE€YEHUS 110 MOIIEPEeYHOU CUJie IIPOBEPUM U3
ycnoBus (5.62). Ilpu npogonbHOY apMaTtype ouaMeTpom 20 MM U a =
40 MM OCbhb XOMYTOB OyHeT HaXOOUTHCA OT HarpeBaeMol rpaHu OallKu
Ha paccTtosHuu ax = 40 - 10 - 4 = 26 mmM. [lo puc. B5.2 npunoxenus
b pns 6anku mupuHoi 300 MM U OJIMTEJIBHOCTHIO ITOoXKapa 60 MUH Ha
paccTossHUU 26 MM HaXOOUM TeMIepaTypy Harpesa XOMyToOB tx = 500
°C. ITo tabn. 2.8 HaxoguM nOjst apMaTyphl Kinacca A400 yst = 0,6. Ilo
dbopmyne (5.65) onpemenuM UHTEHCUBHOCTb XOMYTOB

_ 283 0,6-101

g =173 Hmm.
100

[ToCKOJIBKY

105
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173
LTI =0415025
R.ambz 1,55+ 270 , T.e. ycrnoBue (5.66) BBIIIOJIHEHO, XOMYTHI
TIOJIHOCTHIO YYUTHIBAEM UM 3HadeHUe Mp omnpepmenseM 1o ¢Gopmyne
(5.63)

Mp = 1,5-1,55-270-3602 = 81,36 10° H-mm.

[Ipy menCTBUU CIJIOIIHOM PABHOMEPHO pacIpefelleHHOW Harpy3Kd
HEeBBLITOHENWIIIee 3HaUYeHNE C TPUHUMaeM PaBHBIM

B .
C= {m =632 MM < 2hy = 2360 =900 nm
4[:] 1_[:] 5 q;w 1_[],5[:',41

irh ety

1 IpUHUMaeM co = ¢ = 632 MM < 2h(.

Torga Qsw ompepnensieM 1o ¢gopmyne (5.64) Qsw = 0,75-171-632 =
75650 H = 75,6 xH.

N3 popmynel (5.62) Haxogum

b
0, =%=%m3-mﬁ H =130 .

o
Q = Qmax - g-c = 150 - 40-632 = 125 kH.
[IpoBepsieM ycnoBue (5.61)

Qp + Qsw =130 + 75,6 = 206 kH > 125 kH.
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CnemoBaTebHO, MTPOYHOCTh HAKJIOHHBIX CeYeHUM obecliedyeHa IIpU
OJIATENIbHOCTHU CTAaHAAaPTHOTO noxKapa 60 MUH 1 Ipefesl OrHECTOUKOCTH
TI0 TT0Tepe Hecyleh criocobHocTu R60 cobmomeH.

IIpumep 14. IlaHo. CBoOGomHO omepTass O0anka mposnetoMmM | = 5,5
M ceuenumeM 300x450 mm; O6etoH Knacca B25; Rptn = 1,55 Mlla;
IIPOOOIbHasA apMaTy}%a 06e3 aHkepoB Kinacca A400 2025; Rsn = 400
MIla; As = 982 mMm“; xoMyTHl U3 apMmaTrypsl kKiacca A400 910 mm
¢ maroM Sw = 150 MM 1mpuBapeHbl K MIPOOOJILHLIM CTEPXKHSIM;
HOpMaTHBHas paBHOMEPHO paclpefeieHHas Harpy3ka q = 35 KH/Mm, a
= =45 MM, hQ = 400 - 45 = 355 MM; riaybusa onopsl [0 = 280 MM; Rsw
= 285 MIla.

Tpebyemcss TIPOBEPUTL IIPOYHOCTh HAKJIOHHOTO CEYEeHUs Ha
OelcTBMEe MOMEHTA BO BpeMsi CTAHOAPTHOTO IoXKapa OJINTEIbHOCTBIO
60 MmuH.

Pacyer. Ocp KaxXgoro apMaTypHOIO CTEpPXKHS IIPOOOJIbHOU
apMaTyphl pacIiojioXeHa OT HUXKHeN U O0OKOBOM MOBEPXHOCTEM OalKu
Ha paccrosHuu 45 mMm. ITlo puc. B.2 npunoxenus B pgmsa OGanku
mrprHouM 300 MM mpu OJIUTEIBPHOCTM CTaHOAPTHOTO Ioxapa 60 MuH
HaXOOUM TeMIlepaTypy HarpeBa apMaTyphl IO OuaroHasnu yria O0anku
ts = 400 °C. I1pu onupaHuu O0aJKU Ha KUPIIMYHYIO CTEHY TEMIIEPATYPY
B 30HE aHKEPOBKHU IIPpUHUMAalOT paBHoU ts1 = 0,8ts = 0,8-400 = 320
°C. TemnepaTypy 60eTOHa B 30HE aHKEPYIOIIETr0 CTEPXKHSA IMIPUHUMAIOT
paBHOM TeMIiepaType cTepxkHs. [[ns TeMmrepaTyphl 6etoHa 320 °C mo
Tabs. 2.2 HaXoOouM 3HaueHHe Ko3dduiimeHTa ycioBus paboTel 6eToOHa
Ha pacTtsaxeHue yit = 0,47.

Ycunue B pacTaHyTOM apMaType ompegmensieM mo ¢opmyie (5.15),
B KOTOPOU OIS TOpsgdYeKaTaHON apMaTyphl IMEPUOAUYECKOT0 HNPOPUIA
Koa(pdumueHt n = 2,5.

Il711 6eTOHa HOPMATHUBHOE COIIPOTUBJIEHNE PACTSAXKEHUIO IO hopMyTie
(2.4) paBHO

Rptnt = 1,565-0,47 = 0,73 Mlla, Is = 280 - 10 = 270 MM, us = 3,14ds
= 3,14:25 = 78,5 MMm.

[17151 paCTAHYTHIX aHKEPYIOIINX CTEPXKHEU ITIEePUOAUYIECKOT0 ITPODPUIII
0e3 IOOIOHUTEJIbHBIX aHKepYIoIuX yCcTpoucTB a = 1. Torma mns 2
MIPOOOIbHEIX cTepxkHeu Ns = 2,5:0,73:-78,5-270-2 = 77362 H.

[TocKONMBbKY K paCTSHYTHIM CTEpPXKHSM B IIpefdesiaXx [JIUHBL s
IIpuBapeHbl 4 BepTUKANIbHBIX M 2 TOPU30OHTAIIBHBIX IIOIEPEYHBIX

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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cTepxHel, 1o ¢opmyne (5.71) wHaxogum ycunue Ny =
0,7-6-120-10%-0,73 = 36792 H.

OTO yCcuiue He OOKHO IpeBhIIaTh 0,8-400-0,38-102-6 = 72960 H.
Otcioma Ns = 77362 + 36792 = 114154 H.

Pactarusatinee ycunue Ns He OOJIXKHO IpeBHIIIATh RsnystAs. s
apMmaTtyphl Kinacca A400 u ts = 400 °C; yst = 0,85 (tabn. 2.8), Torma
400-0,85-982 = 339388 H > 114154 H.

MOMEHT, BOCIIPHHMMAEMBIN ITPOOOJILHOM apMaTypol, ompemesseM
o popmyine (5.70)

Ms = 0,9-114154-355 = 45-10° H-mMm.

[To ¢popmyne (5.65) BEIYHCIIAEM BEIUYUHY (sw. OCh NIONEPEUYHOU
apMaTyphl pacIiojoXeHa OT HarpeBaeMbIX TIpaHed OankKu Ha
paccrosHuu ax = 45 - 12,5 - 5 = 27,5 mMm. Temnepatrypa ocu
IMoTIIepeyHor apMaTyphl 1o puc. 5.2 npunoxernusa b paBHa 600 °C u pst
= 0,37 (1abm. 2.8); Asw =157 mm?.

_ 2850371157

=1104 H ' mu
150

qu

OnpepernseM [OJWHY IIPOEKIIMM HEBBITOOHEUIIEro HaKJIOHHOIO
ceueHUsd ¢, npuHUMas Qmax PaBHOU OIIOPHOU peaKluu

0. = %“? - —35'25’5 = 96,25 ¥1

MoMeHT, BOCIIpUHMMAEMEBIN IIONEPEYHON apMaTypou, mo dopmyiie
(5.72) paBen

Msw = 0,5-110,4-508% = 14,1-10% H-mm.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe

 Ten.: +7 (495) 506-71-51, +7 (495) 506-78-57, 108



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

MoMeHT B HAaKJIOHHOM Ce4YeHUuHU omnmpepeiigeM KadaK MOMEHT B
HOPMAJIBHOM CE€4Y€HHNH, PACIIOJIO2ZKEHHOM B KOHIT€ HAKJIOHHOT'O CEYEHUsI,
Ha PaCCTOAHHUHN OT TOYKHU ITPUIJIOZKEHU A OHOpHOfI pPeaKnnn paBHOfI

X = Isnp/3 + ¢ = 280/3 + 508 = 601 mm.

y el
M=me—%=96,25-6[]1—¥=51 KH

[IpoBepsieM ycnoBue (5.69)
Ms + Msw =45+ 14 =59 kH-Mm > 51 kH-M.

YcnoBue BBIIIOJIHSETCS, IIPOYHOCTb HAKJIOHHOTO CeYeHUs T1I0
n3rubarmwlineMy MOMEHTY obecliedeHa IIPY AJINTEeJIbHOCTA CTaHOapPTHOTO
nmoxapa 60 muH. CrnemoBaTesIbHO, Ipedel OTHEeCTOMKOCTH IO IIoTepe
HecyIlel cnocobHocTu R60 obecneyeH.

OrHeCTOMKOCTb CTaTHYECKH Heollpeae TUHMbIX KOHCTPYKIITHH

5.26. B cratuyecku HeollpeaelnMbIX KOHCTPYKIUIX, BBIIIOJIHEHHBIX
M3 MOHOJIMTHOTO 2Kejie300eToHa (mnuTax, OankaxX, puUreasax u
KOJIOHHAX), OTHECTOMKOCThL OOJbIlle, yeM B COOPHOM Kejie300eTOoHe.
OnmHakKo B MHOTONPOJIETHBIX ¥ MHOTO3TaXKHBIX 3[IaHUSIX U COOPYKEHUSIX
IIPpU JIOKAJIbHOM II0XKape B OOHOM IIpOJieTe WM Ha OOHOM 3Taxe
B3aMMOMEUCTBUE OTHOEIbHBIX MOHOJIUTHO COIPSXKEHHBIX 3JIEMEHTOB
IIPUBOAUT K BO3HUKHOBEHUIO [OIIOJIHUTEJIbHBIX YCUJIUM B OPYTUX
IIpoJIeTax, B KOTOPBIX HET MmoxKapa.

5.26.1 PacueT MHOTO9Ta>KHBIX X BRICOTHBIX 3TaHUU U3 MOHOJIMTHOTO
XKeyne300eToHA cienyet MIPOU3BOOUTH C HCIOJIb30BaHUEM
cepTudUIMPOBAHHBIX B Poccun KOMITBIOTEPHBIX IporpaMmm,
cornacoBaHHEIX ¢ HUM2XKDB: «Jlupa», «MoHomax», «Stark-Es» u gpyrux.

Cornmacso CII 52-103-2007 mnpocTpaHCTBEHHas1 KOHCTPYKTUBHAaA
cucteMa (KC) 30aHHUsI  paccMaTPUBAeTCs  KaK  CTaTUYeCKU
HeollpegeuMasi CUCTEMA, COCTOSINAsi U3 B3aUMOCBSI3aHHBIX HECYIIIUX
KOHCTPYKTHUBHBIX O3JIEMEHTOB, 00€CIIeUYMBAIOIINX €ero MOPOYHOCTh u
YCTOMYMBOCTb BO BpeMs IT0XKapa U II0CJie HEero.
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PacuyeTHasi cxeMa 3[aHUS IIPU pacyeTe OTHECTOMKOCTU BKJIIOYAET
¢buszuyeckyio wMopenb, [OaHHBIE O HOPMATHUBHBIX HaArpy3skax, o
TpebyeMoM npefesie OTHECTOMKOCTHU 110 TOTepe Hecyllel CIIoCOOHOCTHU
R KOJlIOHH, CTeH, IIUT, OajoOK, a TakKXe OaHHbIE O HOPMATUBHBIX
COIIPOTUBIIEHUSIX OETOHA ¥ apMaTyphl, UX TeMIIePaTypPHBIM HArpeB OT
OTHEBOT0 BO3OEMUCTBUSA MoOxXKapa, KO3(QOUIIMEHTH YCJIOBUS PabOThI
OeToHa ¥ apMaTyphl, YYMTHIBAlOIIME H3MEHEHUE HUX MeXaHUYeCKHUX
CBOMCTB OT BO3MIENCTBUS TEMIIePaTypPHI, K03 PUIIMEHTHI,
VUYUTHIBAIOIIINE W3MEeHEeHHe MOMYJsl YIPYroCTU U TeMIlepaTypHHIe
nedopMalniy MaTepuayioB, KPUTUYECKHE TeMIlepaTyphl IIPOTrpeBa
OeToHa ¥ apMaTyphl OT OTHEBOTO BO3OEUCTBUS, TeMIIEpPaTypPHLIE
ycunusgd u pgedopmMalnuu  KOHCTPYKTUBHBIX 3JIEMEHTOB OT UX
HepaBHOMEPHOT'0 Harpesa.

5.26.2 PacmnpepgeneHue yCUINM OT HOPMaTUBHOM HArpy3Ku U
TEMIIEPATYPHBIX YCUIUW, BBI3BAHHBIX OTHEBHIM BO3[EUCTBUEM, B
IIPOCTPAHCTBEHHO-ONepOPMUPYEMBIX  CHCTEMax B  3HAYUTEJIbHOM
CTEIIeHU OmIpeNenseTCs XKEeCTKOCTHBIMU XapaKTepUCTUKaMU, KOTOPhIE
3aBUCSAT OT MaTepuajia M TeMIepaTypbl BO3OENCTBUSA, THUIIA
KOHCTPYKIUM U WX HaAIPSIKEHHOTO COCTOSHUS, BIaXXHOCTU OeTOHa M
Opyrux (akKToOpoB, KOTOpPBIE IIPU IIPOEKTHPOBAHUU YYECTb CIIOXKHO.
[TosTOMy reoMeTprUYECKHE TTapaMeTPH U PU3NYEeCKHEe XapaKTEPUCTUKU
MaTepuajoB U KOHCTPYKLMWM B pacyeTe IPUHUMAIOTCSA 3adaHHBIMMU.

5.26.3 PacueThl HamnpsxkeHUM u pgedopmamuil xKejae300eTOHHBIX
MOHOJIUTHBIX IIJIOCKUX M OOBEMHBIX SJIEMEHTOB U WX COIPSXKEHUM
pa3paboTaHbl TOJBKO MJIS HOPMAaJbHBIX CEYEeHUN IIPU MPOCTHIX
BO3OeuCTBUAX. PacyeTbl 1O HaAKJIOHHBIM H¥ [IPOCTPAHCTBEHHBIM
CEeYeHUsIM C TpelIMHaAMU MMEIOTCS JIUIIb AJIs YaCTHBIX CJIy4daeB, a OId
CJIOKHBIX BO3JEWCTBUM U Y4YE€TOM MHOTHUX (PAKTOPOB IIPUMEHSIOT
pas3nnYHbIE YIIPOIIEHUS.

CrioXKHBIE IPOCTPAHCTBEHHLIE T€OMETPUUYECKHUE CXEMBI YIIPOIIAT
IIyTeM 3aMeHbI peajibHOM KOHCTPYKIIUM YCIIOBHOM cxeMol. PeGpucThiit
U IIYCTOTHBIY OUCKHU IIEPEKPBLITUM, a TaKXKe CTPYKTYPHOE IIOKPHITUE U3
CTepXKHEUN 3aMEHSI0TCS YCIIOBHOU aHU30TPOIIHOU IIJIaCTUHOU
IIOCTOSITHHOM TOJILIUHEI.

KosoHHBI ¥ 6aKM alIllpOKCUMUPYIOTCS CTEPKHSIMU, TPUBEIEHHLIMU
K OCH, a MIJIUTHl U CTEHHI - IIJTaCTUHaMU, IIPUBEOEHHbIE K CEPEeIUHHOMN
IJIOCKOCTU. [IpUMEeHSAIT KOHTUHYyallbHbIE, OUCIIEPCHBIE paCYeTHHIE
MOJEeJIH. Hawubomnee HINPOKOE pacipocTpaHeHUue [IOJIYYHUJIU
OUCKPETHhIE PaCyeTHhIe MOOEJIM, OCHOBaHHble Ha MaTeMaTU4YeCKOU U
reoOMeTpPUYECKON OUCKpeOUTaluu MIPOCTPAHCTBEHHBIX KOHCTPYKIUU,
pacCYuTHIBAEMBIX METOIOM KOHEYHLIX 371eMeHTOB (MK3).
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5.26.4 PacyeT OrHECTOMKOCTU HECYIIUX KOHCTPYKTUBHBIX CHUCTEM
BKJIIOYAeT OIIpefesieHue YCUIUU B 3JIeMeHTaX KOHCTPYKTUBHOW CXEMBI
(KOJIOHHAX, NOJMTaX, CTeHaX) C Y4YeTOM 3afJaHHOT0 CTaHAapTHOIO
roxkapa N0 AJINTEJIbHOCTU COOTBETCTBYHOIIEMYy TpeOyeMoMy IIpeneiy
OTHECTOMKOCTH II0 IIOTepe HeCcyled CIOoCOOHOCTM R KaXXOoro
KOHCTPYKTHUBHOTO 3JIEMEeHTa CUCTEMEL.

PacuyeT OTrHECTOMKOCTH IIO IIOTepe HEeCyIlel CIO0COOHOCTHU
KOHCTPYKTHBHOM CHUCTEMBI ClIleyeT MPOU3BOOUTH B OOIIEM cCiiydae B
IIPOCTPAHCTBEHHOW TIIOCTAHOBKE C Y4YE€TOM COBMECTHOM pabOTH
HaA3€MHBIX M IIOO3€MHBIX KOHCTPYKIIMH B YCJIOBHSIX CTaHOApPTHOTO
rmozkapa.

5.26.5 PacuyeT OrHeCTOMKOCTH IO IIOTepe Hecylleld CIO0COOHOCTHU
MIPOU3BOOAT C HUCIOJIb30BAaHUEM JIMHEUHBIX U HEJIMHEUHBIX XKECTKOCTEM
Kene300eTOHHBIX KOHCTPYKIIUH.

JIuHelHbIE KECTKOCTH KeJle300€TOHHBEIX 3JIEMEHTOB OIIPEHesioT
KaK [Jig CIJIOIIHOTO YIPyroro Teja C Yy4YeTOM  BJIUSHUSA
KPaTKOBPEMEHHOT0 TeMIIepaTypPHO-OTHEBOT'O BO3OENCTBUS Ha MOAYJIb
YIIPYTOCTH.

HenuHelHbEe XKECTKOCTH XKeJIe300€TOHHBIX 3JIEMEHTOB OIIpefesioT
II0 IIOIepeYHOMYy Ce4YeHUI C Y4YeTOM pa3BUTUSA HEYIPYIrUux
nedpopmaiuii B 6eTOHEe U apMaType, OTBEUYaIOIIUX KPaTKOBPEMEHHOMY
OEeUCTBUIO HATrPY3KHU.

3HaueHHue HeJIMHEWHBIX XKEeCTKOCTeH XKejle300eTOHHBIX 3JIEMEHTOB
clenyeT yCTaHaBIMBaTh B 3aBUCUMOCTHU OT Kjlacca 0eTOHa U apMaTypHhI,
WX TeMIlepaTyp HarpeBa OT CTaHOAPTHOTO IloXKapa O MpenesibHOU
CTaguu pacderTa.

5.26.6 B pesynbTaTe pacueTa HeCyllled KOHCTPYKTUBHOU CUCTEMBI
OOJI>KHBEI OBITH YCTAHOBJIEHBI: B KOJIOHHAX - 3HAaYE€HUS NPOOOJILHBIX U
TIOIIEPEYHBIX CUJI, U3rubaoIIX MOMEHTOB, @ B HEOOXOOUMBIX CIIydasx
U KPYTSAILIMEe MOMEHTH; B IUIOCKMX IIJIUTaX - 3HAUEHUS H3TrUOalomx
U KPYTAIIUX MOMEHTOB, IIONIEPEYHBIX U IMPOAOJIBHBIX CHUJI; B CTE€Hax -
3HaYEeHUSI HOPMAaJIbHBIX M COBUTAIOIIUX CUJI, U3TUOAIOIINX U KPYTAIIUX
MOMEHTOB U IIOTIEPEYHBIX CUJI.

OnpeperieHre YyCUIUU B 3JIeMeHTaX KOHCTPYKTUBHOU CUCTEMEL
crenyeT MPOU3BOOUTE OT HEIIPOOOIXKUTEIBHOT O JEUCTBUA
HOPMAaTHUBHBIX IOCTOSTHHBIX U BPEMEHHO OJIUTEIbHBIX HAaTPY30K U
TeMIIePaTyPHBIX YCUJIMM OT OTHEBOTO BO3OEUCTBUS CTAHAAPTHOT O
rozxapa.
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Ha mepBo# CcTaguu pacyeTa OTHECTOMKOCTHU [OJiS OLIEHKU yCHUIIUU B
9JleMeHTaXx KOHCTPYKTHBHOM CHCTEMBI [OOIIyCKaeTCd NPUHUMATh
npubuKeHHble 3HaYeHUs XKECTKOCTEM 3JIEMEHTOB C TIOMOIIbIO
0000IIEHHBIX YCIIOBHBIX KOG GUIIMEHTOB.

Ha IIoCJIeAyIInuX CTagudX pacdeTa KOHCTpYKTHBHOfI CHUCTEMHI,
KOTroJa M3BEeCTHO apMHPOBaHHEe KeJie300e TOHHBIX 3JIEMEHTOB, B pacC4deT
ciiegyeT BBOOWUTH YTOYHEHHBIE 3HAYEHUA JKECTKOCTEH 3JIEMEHTOB
COT'JIaCHO YKa3aHUuAM JIGfICTBYIOU.IHX HOPMATUBHBIX TOKYMEHTOB.

B pesynbTaTe pacyeTa OTHECTOMKOCTH II0 IIOTepe Hecyllen
CIIOCOOHOCTH 3JIEMEHTOB KOHCTPYKTUBHOM CUCTEMBI BO BpeMs IToxKapa
OOJIXKHBI OBITh YCTAHOBJIEHBI YCUIHUS (CHJIBI, MOMEHTBI), KOTOPBIE
OOJIXKHBI OBITH OOJIbIIE UM TaKMMM Ke, KaK [0 M[oxapa, IIpu
BO3[I€MCTBUU HOPMATUBHOM HaATrPy3KHU.

5.27 VYcunusg B CTaTUYECKU HEOIPEeOeIuMON KOHCTPYKIUU
OIpenesndT Mo ¢opMyjaM CTPOUTEIBHOM MEeXaHUKH KaK B yIPYyrou
cucteme. EOguHHWYHBIE M TPYy30Bble IIEPEMENIEHUS ONpPenessioT C
IIOMOIILI0 (popMyJibl Mopa, B KOTOPOU COBUTOBBEIE AedopMaluu, Kak
ITPaBUJI0, OTOPACHIBAIOT.

[lepemenieHuss B OCHOBHOM CHCTeMe, BLI3BAaHHBIE BO3TIEMCTBUEM
TeMIIePaTypPHl B i-M HalpaBJIEHUH, PAaBHHI:

8= Jj M (Ur) dx+ Y. ﬁMEmdx,

(5.75)

rge Mt u Nj - usrubaronui MOMEHT U IIPONOJIbHas CHujla B CeYeHUU
X-3JIEeMEeHTa OCHOBHOU CHCTEMEl OT [OEWCTBUS B [-M HallpaBJIEeHUU
COOTBETCTBYIOIIIEN €eMUHUYHOU CHUJIBL;

(1/n)tx, €tx - TeMIepaTypHble KPUBHU3HA U AedopMalyds X-3JIEMEHTA,
BEI3BAHHBIE OTHEBEIM BO3[EMCTBUEM.

C nosBmIlIeHMEM TeMIlepaTypbl OTHEBOro Bo3peuctBus no 500 °C
HabJogaoTCcsa HauboJIblIMe 3HaUEeHUsI TEMIIEPAaTypPHOT0 MOMeHTa. [1pu
TeMmneparypax 900 °C TemmepaTypHBIM MOMEHT CHUXKaeTcs. B
MMPaKTUYECKUX pacdeTrax KPUBOJIMHENHOE pacupenenesue
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TeMIepaTypbl HarpeBa OeTOHa TII0 BBICOTE CeYEHUsS 3JIeMeHTa
IIPUBOOUTCS K IpPSAMOJIUHeNHOMYy. [lepeman TemmoepaTyphl IO BEICOTE
CedeHUs 3JIeMeHTa OIpenesisiioT U3 paBeHCTBa CTaTUYECKUX MOMEHTOB
U IJIOIIafeN OeVCTBUTEJIbHOU KPUBOJIMHEWHOU SMIOPHL U IIPUBENEHHOU
pacuyeTHOU TpalellenaalbHOU SII0PHL TeMIiepaTyp. st IpakKTU4YeCKUxX
pacyeToB OONyCKaeTCs y HarpeBaeMOU I'paHU CedYeHUus TeMIlepaTypy
cxkartoro OeToHa mpuHMMaTh paBHoOM 500 °C 1mpu 1penene
orHectoukoctu O0 R120 BkmtouutenvHo, 575 °C - mpu R180 u 650
°C npu R240 wu TeMmnepaTtypy pacTdHYTOM apMmaTrypel - IO
TEIJIOTEXHUYECKOMY pacyerTy.

151 Kene300eTOHHOTO 3JIeMeHTa C TpellrHaMU B PacCTSIHYTOU 30HeE
IIpU TPSIMOJIMHEWHON SITI0OpPe TEMIIepaTyp TeMIIEPAaTypPHYIO KPUBU3HY
OCH 3JIEMEHTa ONPEeNesisioT:

IIp1 PACIIOJIOZKEHHUH paCTHHYTOﬁ ApMaTypPHL Y HarpeBaeMoﬁ I'PaHHU
ceyeHus

1 = &Iszz: B &'asz .
: iy
(5.76)

ITPY PACHOJIOKEHUHU CKATOT0 6eTOHA Yy HarpeBaeMol I'PaHu CeYeHU S

l = &:!sz-ﬁ B ﬂ:zzs .
r e o
(5.77)

roe abt ¥ ast - Ko3hGUIIMEeHTH TeMIlepaTypHOU medopMmaimu OeToHa
M apMaTyphl, IpUHUMaeMble 1Mo Tabn. 2.4 u 2.9, B 3aBUCUMOCTH OT
TeMIlepaTyphl 0eTOHa MeHee HarpeTou U TeMIepaTyphl OeToHa Ooiee
Harpetou rpanu cedenusa (500, 575 u 650 °C) u TeMnepaTyphl Harpesa
apMaTypHI.
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M 3rubaroliiuii MOMEHT OT HepaBHOMEPHOTr0 Harpesa II0 BEICOTE
OeCTBUTEILHOTO CeYEeHUs 9JIeMeHTa, 3a/ie/JaHHOr0 Ha OIopax, a
TaKXKe B 3aMKHYTBIX PaMax KOJIbIIEBOT0, KBAIPATHOTO U
IIPSIMOYTOJIPHOTO OYePTAaHUM, UMEIOIINX OJNHAKOBOE CeuYeHue,
oIpenessiioT Mo GopMye

M = ot
(1/m)¢D,
(5.78)

roe (1/r)t - TeMIiepaTypHas KpUBHU3HAa, onpeaessseMasi 1o GpopMynam
(5.76) u (5.77);

D - XeCTKOCTb CedYeHHUs] B IIpedelbHOW IO IIPOYHOCTHU CTaguH,
onpepensieMas mo (5.79).

KoadduimeHT @t yduTEIBaeT CHUXKEHNE TEeMIIepaTypHOTrO0 MOMEHTa
B IIpefenbHOM ctaguu. [nst u3rubaeMblx 3yneMeHTOB ¢t = 0,5, mns
BHELIEHTPEHHO CXKAaThIX U BHELIEHTPEHHO PaCTAHYTHIX 3JIEMEHTOB @ = 0,
TakK Kak B [IpefeIbHOU CTagUuUu TeMIlepaTyPHBIX MOMEHTOB Y HUX HET.

2KecTkoCTh n3rubaeMbIX XKejle300€TOHHBIX 3JIEMEHTOB OIIYCKaeTCs
orpenensiTh Mo ¢popMyIie

D = @1Es,tAsz(h0 -
X).
(5.79)

Koadpdurment @1 B dopmyne (5.79) yuUuTHIBAaeT BJIMSHHUE
TeMIlepaTyphl Ha JKECTKOCTh 3JIeMeHTa U IpUHUMaeTcsa paBHBIM 0,5
npu npepene oraectoukoctu 0o R120 BkmrouutesnsHo; 0,4 - mpu R180
u 0,3 - mpu R240.

I71s1 971EMEHTOB IIPSIMOYTOJIPHOTO CEYEeHUS IPU OTCYTCTBUU (Unu 6e3
y4yeTa CXKaTOWM apMaTyphl) 3HaUYeHUEe Z - pacCTOsSHUSA OT LeHTpa
TAXKECTU  pPacTAHYyTOU  apMaTypel OO  TOYKU  IIPUJIOKEHUA
PaBHOIENCTBYIOILIEN YCUINU B CIKaTOU 30HE - ONIPENeIsaioT 10 ¢GopMyie

Z = ho -
x/3.
(5.80)

[I1s 571eMeHTOB NPSMOYTIOJIbHOTO, TaBPOBOTO (C IIOIKOM B CXKaTOU
30HE) U OABYTAaBPOBOTO IIOMEPEYHBIX CEYEeHUM 3HAYEHUS Z OOMNyCKaeTCs
npuauMaTth 0,85h(. BeicoTy cxkaTou 30HHE B ¢popmynax (5.79) u (5.80)
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paspemiaeTcs BHYUCIATE IO ¢opmyne (5.10) 6e3 yuyeTa cxKaToH
apMmatypsl. [Ipu € = x/hQ > ¢R 3HaueHue x = {¢R h(Q. TeMmnepaTypHHII
MOMEHT OKa3bIBaeT BIIUSTHUE Ha paboty n3runbaemMoro
Kene300eTOHHOrO 37eMeHTa. [Ipu OOCTUXKEHUU MTpPemeTbHBbIX YCUIIUHN
OT Harpy3kK, KOTrga MOMEHTHI OT Harpy3ku U TeMIepaTyphl
CYMMUPYIOTCS, 3HaYeHNEe TeEMIIEPATYPHOTO0 MOMEHTa CHUxKaeTcs Ha 50
%. ITO yuUTHIBaeTCs KoadpduimeHnToM @t (popmyna 5.78).

B 1eHTpalbHO ¥ BHEIEHTPEHHO CXAaThiX ¥ PaCTAHYTBIX
Kene300eTOHHBIX 3JIeMEHTaxX TeMIlepaTypHble MOMEHTHI IOJTHOCTBIO
CHUMAIOTCS IIPOAOJIBHOM CHUJIOM OO HaCTYIJIEHUuS MPeaeIbHOT0
COCTOSIHUS U He BIUAIOT Ha IIPOYHOCTD.

[TpomonbHBIE TeEMIIepaTypHble nmedopMalluu B XKejle300eTOHHOM
9JIeMeHTe MOTYT BBI3BaTh HAMNPSIKEHUsSI CXKaTUs MNPU HecMellaeMbIX
ormopax ™ yBeIWYeHHe OSKCIEHTPUCUTETA CXKHMAIOIIeH CHuJIBl B
KOJIOHHAX OT TEMIIEPATYPHOTO YOJIMHEHUS PUTETIs.

I71s1 7)Keyie300€TOHHBIX 3JIEMEHTOB C TPEIIMHaAMU B PACTSIHYTOM 30HE
IIpU TUHENWHOM 3I1I0pe TEMIEPATYP II0 BEICOTE CEYEHUS TEMIIEPATYPHOE
yOJINHEeHUe OCH 3JIeMeHTa paBHO

rae abt U ast IPUHUMAIOT KakK B ¢popMmynax (5.76) u (5.77).

5.28. [lna cTaTU4YeCKUd HEeOoNpeHesIMMBIX KOHCTPYKLUM pacydeT
npenesia OTHECTOMKOCTU  CJledyeT BBHIIOIHATH B  CIENyIoLleld
II0CJIE0BaTEJIbHOCTH.

1. YcraHaBnmBalOT BO3MOXKHOCTHL OTHEBOTO BO3IOEMCTBHS Ha BCe
Hecymue 3SJIEMEHThI CHCTEMBI HW HWX MHHHMAJIBHBIE IIPEOEJIbI
OTHECTOUKOCTH II0 IIoTepe Hecymeﬁ CIIOCOOHOCTH.

2. TennoTexHHUYECKUM pacyeTOM MIM [0 OpumoxeHusm A u b oT
BO3OEUCTBUS CTaHOapPTHOTO rmoxapa, OJIUTEIILHOCTHIO
COOTBETCTBYIOLIIETO0 IIPUHATOMY [penesly OrHECTOMKOCTH, HaXOHSAT
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TeMIIepaTypPhl Harpesa OeToHa u APMaATyPHI B IIOIIEPEYHOM CEYEHUU
HeCcyniero 3jieMeHTa CUCTEMEHI.

3. 1 KaxXOgoro 9JjieMeHTa OT HEeIPOOOIXKUTENIbHOTO OeNCTBUSI
HOPMATUBHBIX MOCTOSSHHBIX W BPEMEHHBIX [JIMTEJIbHBIX Harpy30K
HaXOOsAT UX HeOJIaronpusiTHOE COYeTaHue.

4. T1pu pacyeTe yIIpyrou CUCTEMBI CTaTUYECKU HEOITPEAEeTUMOMN
KOHCTPYKIIUY OIIPENeNaioT YCUus B 9JIeMEeHTax.

5. Tlo HaWOeHHBIM 3HAYEHUSM YCUIUN OIPENEeNsiOT KEeCTKOCTh
ceueHusi. 2KeCTKOCThb CJieiyeT OIpenesiTb C ydYeTOM HaJIu4us
TPEIuH OT OTHEBOTO BO3OENCTBUS IIO0 BCeM MOJIMHE 3JeMeHTa WU
U3MeHeHUusT PU3NKO-MeXaHUUYEeCKUX CBOMCTB O€TOHA M apMaTyphl OT
Harpesa.

0. TeMHepaTyprIe YCHUJinsd YYUTHIBAIOT OT HEPABHOMEPHOI'O Harpena
II0 BBICOTE CEYEeHHs OJJIeMeHTa B wu3rubaeMbIX 3JIeMeHTax IIpu
pacueTe II0 IIpeaeJIbHEIM YCUJINAM.

7. Tlpu pacuyeTe METOOOM NPEOEIbHOI0 PABHOBECHUS MCIIOIL3YIOT
mepepacipeneeHue YCUIUNM W OHpPEeHessioT MOMEHTH B
IJIAaCTUYECKUX IITapPHUPAX TOJIBKO OT HaTrPy3KH.

8. TpebyeMrili mpemen OTHECTOMKOCTH KaXOoro 3jieMeHTa Oymer
obecriedyeH, eCyiM YCUIUSI OT HOPMATUBHOM HaAarpy3KU U TEMIIEPATypPhHI
BO BpeMs moxapa OyamyT OOnbllle WIW pPaBHB YCUIUSIM OT
HOPMAaTHUBHOM Harpy3KHU OO0 moxKapa.

B OGLT.IGM CilIydae, paCydeT I1pengeiia OTHECTOUKOCTH II0 IIoTepe Hecymeﬁ
CIIOCOOHOCTH CTATUYECKH Heonpenem/IMoﬁ KOHCTPYKIIMU 3aBUCHUT OT
CXEeMEI pa3pyiieHusa CUCTEMEI B IIE€JIOM, KOT'lda OHad IIPEBPATUTCHA B
MexaHu3M. OgHaKo 3a IIpenei OTHECTOUKOCTH KOHCTPYKIIHMHU CIIegyeT
IIPUHUMATH MHUHUMAaJIbHBIN IIpengeil OgHOTrO HeCyIIero 3JIeMeHTa
CHUCTEMBHI. HaCTYHHeHI/Ie Impepgeiia OTHECTOUKOCTH OOHOTO Hecyero
9JIeEMEeHTa CUCTEMHEI HE BCeTr'dla IMMTPUBOOUT K o6pymeHHIo BCeu
KOHCTPYKIIHUH. OpmHako C HpaKTquCKOﬁ TOYKHU 3PEHU, TaKOU BHU
OTKa3a HGOGXO)II/IMO YUYUTHIBATS.

ITPUMEPBI PACYETA

IIpumep 15. [Jano. OmnopHoe cedyeHUEe [OBYXMIPOJIETHOM OasKu
BeicOTON 700 MM u IJ_II/IpI/IHOI/I 350 mM; Oeton kinacca B30; Rpn = 22
MIla; Ep = 32,5-103 MIla; apMaTypa Kjtacca A400; Rsn = 400 MlIla,
Rsc = 355 MIla; a = 60 MM, a' = 40 MM, Es = 2-10° MIla; MOMEHT B
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OIIOPHOM CeYeHUU OT HOpMaTUBHOU HArpy3ku Mp = -800 kH-m (puc.
5.27); As = 4826 MM? (6@32); A' = 4021 Mm? (5@32).

Tpebyemcs ompenenuTh IIpenesl OTHECTOMKOCTH OIIOPHOTO CEeYEHUS
IIPU CTAHOAPTHOM OTHEBOM BO3OEWCTBUU OIUTENBHOCTHIO 120 MUH.

Pacuer. OnpepeneHre TeMIlepaTypHOTO MOMEHTA ITPOU3BOOUM IIO
OEeNCTBUTENILHOMY OIIOPHOMY Ce4YeHHUI0 OalKd C Yy4eTOM HU3MeHEeHUS
CBOMCTB OeTOHa M apMaTyphl OT BO3OENCTBUS TeMIlepaTyphl. I1o puc.
B.2 npumnoxenus B HaxomuM TemnepaTypy HOporpeBa OeToHa u
apMaTypbl. Ha omope CcTepXHU pacTIHYTOM apMaTypbl HNMEIOT
TeMIepaTypy: ABa KpauHux ctepxkHs 440 °C; crenyrommux 2 CTEPXKHA
140 °C u cpepuue gBa ctepxkHA 50 °C. CpenHsasa TeMrepaTypa HarpeBa
pacTtssuyTor apMmatyphl 210 °C. [Ins aTou TeMiiepaTyphl mo Tabn. 2.8
HaxomouM Pst = 1,0; Bs = 0,92 u mo Tabn. 2.9 ast = 12,5-107° °cl.
CTepKHU CKaTOM apMaTyphl HarpeBalOTCsA: OBa KpaWHUX CTEPXKHS OO
660 °C; cnepyromux 2 ctepxkHsa 00 430 °C u cpegHul ctepxeHb 0o 380
°C. CpegHssa TeMIepaTypa HarpeBa cxaTou apmatypel 512 °C. Insa
9TOM TeMmepaTyphl o Tabsu. 2.8 HaxoguM Yst = 0,57. CormacHo m. 5.3
CpenHIO0 TeMIlepaTypy OeTOHa CcKaTOoU 30HBI HaXOJAMM Ha PAacCTOSTHUM
0,2h0o = 0,2(700 - 60) = 130 mmMm. ITo puc. 5.27 tbm = = 450 °C u 10
Tabm. 2.2 ybt = 0,83. IIpu tp = 500 °C mo tabm. 2.4 apt = 11-10° °CL.

[To popmyne (5.79)

A _ A
l =11,U 107500 -125107" 210 45107 woae
7). 700 - &0
ITo ¢popmyite (5.9)
4004826
= ———— =302 mm
22023350
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302
= =047< £ =053
6 =20 Cx

[Tmewyo BHyTpeHHeU napsl cui 1o (5.80)
z =640 - 302/3 = 540 Mmm.
2KecTKOCTh OIMOPHOTO cedeHus 1o (5.79)
D = 0,52:10°4826-540(640 - 302) = 81102 H-mm?,

TemnepaTypHBII MOMEHT 10 (5.78)

Mt = 0,5'4,5:10°-81-10'2 = 182 kH'm.
CyMMapHBIM MOMEHT B OIIOPHOM Ce4YeHUU

M = Mt + Mp =182 + 800 = 982 kH-m.

OrHecTOUKOCTh OIIOPHOT'0 CEYEeHUs 110 IIOTEPE HeCyIlen
CIIOCOOHOCTH ITPU OJIMTEJILHOCTU OTHEBOT'0 BO3mencTBUs 120 MUH
IIPOBEPHUM II0 yCIOoBUIO (5.10):

M =982 < 22-0,83-350-302 (640 - 0,5-302) +
+ 355-0,57-4021-(640 - 40) = 1432 xH-Mm.

YcoBure BHIIOTHSAETCS ¥ OIIOPHOE cedeHUe oOecliednBaeT Ipenert
OTHECTOMKOCTH II0 IIOTepe Hecyllel crmocobnoctu R120.

118
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Puc. 5.27. K npumepy 15. Pacnipenenenue TeMnepaTyphl B 0eTOHE U
apMaType OIIOPHOT0 ceyeHusI OanKu MNP OJIUTENbHOCTHU
TPEXCTOPOHHET' 0 CTaHOApPTHOTO Imoxapa 120 Mmun

OrHecToMKOCTh XeJjIe300eTOHHBIX IIHT IIPHA NMPOJaB/IHBAHHUHA

5.29. TIpu OOHOCTOPOHHEM OTHEBOM BO3[EUCTBHUU CHU3Y IIJIATHI
pacueT Ha IIPOOdaBIWBAHMNE KeJle300eTOHHBIX IIJIUT ITPOU3BOMSAT MPU
OeUCTBUM Ha HHUX MECTHBIX, HOPMAaJIbHO K TIJIOCKOCTH IIJIUTHI
KOHIIEHTPUPOBAHHO MPUJIOKEHHBIX COCPEIOTOYEHHOM CHJIBI U
n3rudarIlnero MoMeHTa. I[Ipyd TIpPOBEpPKEe IPOYHOCTU IIJIMTHI Ha
MIPOJaBJIMBaHUE B YCJIOBUSIX OOHOCTOPOHHETO OTHEBOTO BO3[OENCTBUSI
CHUM3y IIIUTHl pPacCMaTpPUBAIOT pacCyYeTHOe IIONlepedyHOoe CedyeHue,
pacIioyio’KeHHOe BOKPYr 30HBI MepefayM YCUIUW Ha IUIUTy Ha
paccrosiuuu 0,5h() HOpMaJIbHO K €e IIPOOOJIbHOM OCH, IO IIOBEPXHOCTHU
KOTOPOTO AEUCTBYIOT KacaTelbHbI€ YCUIUS OT COCPEAOTOYEHHOU CHUIIHI
U u3ruOaroiiero MoMeHTa.
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IlericTBylolIMe KacaTelbHBIE YCUIUS HOOJXKHBI OBITH BOCIIPUHSTHI
0eTOHOM C HOPMATUBHBLIM CONPOTHUBJIEHUEM OeTOHA PacTIXKeHUI0 Rpint
¥ PacCIOJIOXKEHHOM 1o 00e CTOPOHHI OT PACYETHOTO ITOTIEPEYHOTO
cedyeHuss Ha pacctosuuum 0,5h(Q) mnomepedyHod apMaTypel C
COIIPOTUBJIEHUEM pacTAXKEeHUI0 Rswt. Yyer BIIUSTHUSA
BBICOKOTEMIIEPATYPHOTO BO3OEWCTBUSA Ha OETOH IPOU3BOAAT IIO
dopmyne (2.4). Haxomat 3Ha4deHUs Rptnt, IPUHUMAS CpefHee 3HaYeHUe
KO3hpuIueHTa ptt.

Inss Toro 4uToOB HaAUTU CpeOHee 3HaueHUe KoapduimeHTa Pit,
cedyeHUe TIIUTHI TI0 BRICOTE pa30uBalOT HEe MeHee 4eM Ha 5 yacTtel. [
KaXXIOOM YacTU CeYeHHUs HaxOHOsAT CPEedHIOI TeMIlepaTypy e€e HarpeBa
1 110 Heu (Tabm. 2.2) onpenensioT 3HaueHUe KoaphuimeHTa pit. 3HaAA
3HaYeHusA KO3(QPUIMEHTOB Yt OIS CpedgHeld TeMIlepaTyphl KaXaou
YaCTH Ce4YeHHs, UX CYMMHUDPYIOT, OeJAT Ha KOJWYEeCTBO dYacCTel u
MOIy4armT CpeOHuu Koo puiineHT Vtt. Yuet BJIUSTHUS
BBICOKOTEMIIEPATYPHOTO BO3[OEWCTBUS Ha IIONEPEYHYI0 apMaTypy
nmpou3BomAT no ¢opmyrne (2.9). Haxogsatr 3HaueHue Rswt DpuHMMas
KO3(hOUIIUEHT Yst MO0 Tabm. 2.8 Ag MaKCHMaJbHOU TeMIlepaTyphl
IONepeYHON apMaTypPHI.

5.30. Pacuer xkene300eTOHHON IIJIMTHI Ha IIPOdaBIUBaHue 0e3
[IOIepeYHOr apMaTypbl Ha OEUCTBHE COCPEOOTOYEHHOU CHIIBL
ITPOU3BOIAT U3 YCIIOBUSA

F <
Rptntuho,
(5.82)
m PasMeweHe peKnaktel B J0KYMEHTAX W Ha CcaiTe
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Puc. 5.28. CxeMa [JIs pacyeTa XKeje300eTOHHOM IIUTH Ha
IIpofaBiuBaHue 0e3 MMOMePevYHOoN apMaTypPhl ITPU OJHOCTOPOHHEM
OTHEBOM BO3[IENMCTBUU CHU3IY MJIUTHI

1 - pac4yeTHOe IIoIIePevYHOoe CeYeHue; 2 - KOHTYD PaCdeTHOI' 0
IIOIIEepPEedYHOro Ce4YeHusd, 3 - KOHTYD IIJIOIIaOKHW ITPUJIO2KEHU A HAl'PY3KH;
4 - TeMIlepaTypa Harpesa OeTOHa I10 BEICOTE IJIUTHL; 5 - CpenHdgsA
TeMII€PAaTypPa Y49aCTKa II0 BEICOTE IIJINTHI

roe F - cocpegoToyeHHasi cuja OT HOPMATUBHOW Harpys3kKd
[IEPEKPLITUS Ha KOJIOHHY;

u - TIlepuMeTp KOHTypa pPaCYeTHOrO IIOIIEPEeYHOT0 Ce4YeHHus,
pacronoxkXeHHOTo Ha paccrosgHuu 0,5hQ) OT TrpaHUIBl IIJIOIIAAKU
ONMpPaHUs COCPemoTOYeHHOu cunbl F (puc. 5.28).

[Tpu MPSIMOYTOJILHOM IIJIOIIagKe OMMUPaHUS aXb mepuMeTp

u=2a+>b+

2h0),
(5.83)

121
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roe hQ - pabodas BbICOTA IIJIUTHI, paBHasA CpegHeapudMeTUUYECKOMY
3Ha4YeHWi0 paboyuM BHICOTAM MOJII MOPOAOJILHOM apMaTyphl B
HaIlpaBJI€HUU OCEM X U V;

Rptnt - cm. m. 5.29.
5.31. Pacuetr Xene300eTOHHOM MNJIUTHI Ha IIpodaBiIMBaHHe 0€3

[IOIIepeYHOM apMaTypbl Ha [OEUCTBHS COCPEOOTOYEHHOM CHJIBl U
n3rubarolnero MoOMeHTa MPOBOOAT U3 YCIIOBUS

F oM

T <R
i R

(5.84)
raoe M/Wp - npuHuMaeTcs He Oomnee F/u;

Wp - mMomMeHT COIMPOTHUBIIEHUA KOHTypPaAd PACYETHOI'O IIOIIEePEYHOIOo
Ce4deHMusd.

[Tpu OpSAMOYTONbLHOM MIIOIIagKe OIHMPAaHUSA W 3aMKHYTOM KOHTYype
pacyeTHOTrO momepeyHoro ceuenuss Wp onpemnensitoT 1mo popmyiie

Lﬂ=(a+ssﬂ)[“;‘“ +b+hﬂ].

(5.85)

CocpepmoToueHHBIE MOMeHT M B ¢opmyne (5.84) paBeH NTOJIOBHUHE
COCpPemOTOYEeHHOI0 MOMEHTa OT BHEIIIHEN Harpy3KHU.

B xene300eTOHHOM KapKace 30aHusd C IIJIOCKUMHU IMTEPEKPBITUAMNU
MOMEHT OT BHEIIIHEH Har'PyY3KH paBEeH CYMMapPpHOMY I/I3l"I/I6aIOH.IeMy
MOMEHTY B CEUEHUAX BerHeﬂ 1 HUKHEU KOJIOHH, IIPUMBIKAQIOIITHUX K
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IIePEeKpPHITHIO B pacCMaTPUBaeMOM y3J1e, a cuia F HallpaBiIeHa CHU3Y
BBEPX.

[Ipu pelictBuu [00aBOYHOIO MOMeHTa My B HalpaBlIeHUH,
HOPMaJIbHOM HaIlpaBIEHMWIO [OEWCTBHUS MOMeHTa M, 1neBasg dYacCTb
ycnoBus (5.84) yBenuuuBaeTCAa Ha

My

Lﬂ.}', roge Wby - MOMEHT COIIPOTHUBJIEHNA KOHTypPa PaCHYETHOI'O CE€4YeHUu4d

B HallpaBJIEHHHX MOMEHTa My, IIPpK 3TOM CyMMa

=

S
+
=

¥ TaKxXKe NIPUHUMaeTcs He Ooyee F/u.
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Puc. 5.29. CxeMa [1jis1 pacueTa Ha IIpodaBIMBaHUeE Kejle300eTOHHOU
IJIUTHI C BEPTUKAJILHOM PAaBHOMEPHO PacOpeneleHHOM II0IepedYHoun
apMaTypoO¥ IIpU OHOCTOPOHHEM OTHEBOM BO3[IEMCTBUU CHUIY ITIIUTHI

1 - pacyeTHOe TIOTIepevYHoe ceyeHue; 2 - KOHTYP pacuyeTHOTro
IIOIIEPEYHOr0 ceueHus; 3 - rpaHulla 30HLI, B Ipeaenax KOTOPOu
YUYUTHIBAETCS MONepedyHasi apMaTypa; 4 - KOHTYP pacdeTHOTO0
TONIepPevYHoro ceuyeHus 0e3 yuyeTa B pacyeTe MOIEepevyHou apMaTyphl; 5
- KOHTYP IJIOIIAAKM IIPUJIOKEHUS HArPy3KHU; 6 - TeMrepaTypa 6eToHa
10 BBICOTE TIJIUTHI; 7 - CPEOHSISA TeMIlepaTypa ydacTKa 110 BEICOTE
TLJTUTHI

5.32. Pacuer XKeje300eTOHHOM IIIUTHI Ha IIPOJAABINBaHUE C
IIOIePEeYHOM apMaTypOu IIPU AEUCTBHUU COCPEOOTOYEHHOU CHUIIBI (pHC.
5.29) npou3BOASAT U3 yCIIOBUS
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F = Fpt + Fsw = Rptnt u hg + 0,8qsw
u, (5.86)

roe Rptntu ho > 0,8qswu;

gsw - YCUJIUEe B TOMEPEeYHOM apMaType Ha eOUHUIY [JIUHBI KOHTYypa
pacyeTHOTO IIOTIEPEYHOT0 CedYeHHUsI, paBHOe IIpU PaBHOMEPHOM
pacnpepneneHUH IOIEPEeYHON apMaTypPhl

(5.87)

Asw - TIOIIaAb CeYeHUs IIONepedYHOM apMaTyphl C IIIarOM Sw,
pacIrionoxKeHHoU B mpenesnax paccTosHus 0,5hQ mo oGe CTOPOHBI OT
KOHTypa pPacyeTHOT0 IIOIIePeYHOT0 CEYEeHUS;

Sw - IIar TIIONepeYHBbIX CTepXKHEeW B HallpaBJIeHWM KOHTypa
IIOIIEPEYHOT0 CEYEHUS;

Rpint 1 Rswt - cM. 1. 5.29

[Ipy paBHOMEPHOM pAaCIIOJIOKEHUU IIOTIEPEYHOM apMaTyphl BOOMb
KOHTypa pacyeTHOT0 IIOIIEPEeYHOTr0 CeYeHUs 3HaYeHue U IIPUHUMAETCSI
Kak OJig OeTOHHOTO PAacYeTHOTrO IIONEPEeYHOT0 CeYeHHUs COTrJIaCHO II.
5.30.

3a rpaHuUlleld pPacIoJIOXKEHHUs IIOIIepeYHOM apMaTyphl pacdyeT Ha
[IpoJaBIuBaHUeE IIPOU3BOOAT COIrJIacHO II. 5.30, paccMaTpuBasi KOHTYD
pacYeTHOro IOoIIepevyHoro cedyeHus Ha pacctossHuu 0,5h() OT rpaHHULIBLI
PacCIOIOKEHUSA IOIIEPEYHOU apMaTypBhI.

5.33. Pacuer XKeje300eTOHHOM IIJIUTHI Ha IIPOJAABINBaAHUE C
[IOIIEPEeYHOU apMaTypoOu IIPU HOEeWCTBUU COCPEOOTOYEHHBIX CHUJIBL U
n3rubaroinero MoMeHTa (puc. 5.29) mpous3BOOsT U3 YCIIOBUS
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F . M
F-b:r+F5w M&-I-Mjw
(5.88)

<1

-1,

roe M/(Mp + Msw) npuHuMaeTcs He 0omnee F/(Fpt + Fsw), Fpt 1 Fsw
CM. II. 5.32;

Mp = RptntWph(Q - cocpemoTOYeHHBIE MOMEHT, BOCIIPHMHUMAaEMbBIA
0eTOHOM B PaCYETHOM MOIIEPEYHOM CEYEHUU;

Msw = 0,8qswWs - cocpemoTO4YeHHBIM MOMEHT, BOCIIPHMHUMAaEMbBIA
TIONIepeYHON apMaTypoM BHOJIb KOHTYpPa PacCYeTHOTO IIONEePEeYHOTOo
CeYeHus.

[ITpu paBHOMEPHOM PACHOJIOKEHUM IIONEePeYHON apMaTyphl BOKPYT
mnomanu onupanuss Wsyw = Wp m BMecTto ycnoBus (5.88) MOXKHO
BOCIIOJIb30BaThCSA ycCjoBUEM (5.84) ¢ yBenudeHHMEM MpaBOM 4YaCTHU Ha
Benuuuny 0,8¢sw, IpuHUMaeMou He 6o1mee Rpint h0.

[Ipu gpericTBUM [J00aBOYHOTO MOMEHTA My B HamOpaBlIeHUH,
HOpPMaJbHOM HampaBleHHuI0O M, 7eBass 4YacTb ycinoBus (5.88)
yBeIU4YUBaeTCAa Ha

M

¥

m 3
¥
+
Mﬂy Mm:v, rome Mpy u Mswy - COCpPemOTOYEHHBEIE MOMEHTEHI,

BOCIIPUHUMaEMble COBMECTHO OETOHOM M IIOIEPEeYHOM apMaTypoul B
pacyYeTHOM IIOIEePEeYHOM CEeYeHUHU B HallpaBJIEHWU OEUCTBUS MOMEHTa
My; mpu 3TOM CyMMa

M F

_ +m -

¥
My+ M, _TaKxKe IMPUHUMaeTCs He 0oJjiee Fy t st, a Mswy He Ooiee
Mby.

5.34. IlonepeyHyo apMaTypy B IJHUTaxX B 30HEe IIPOJaBIIUBaHUS B
HalpaBJIeHWU, NEePIEeHOUKYISIPHOM CTOpPOHAM pPacCYeTHOrO0 KOHTYypa,
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yCTaHaBJIMBAIOT C I1aroM He 6omnee h(/3 u He 6onee 300 mM. CTepXKHY,
Omuxkaiie K KOHTYPY I'PY30BOM IJIOMIAOKK, pacliojiaraioT He OJiuxke
ho/3 u He pmamee h(Q/2 oT 3TOrO KOHTypa. [IpM 3TOM IIMpPHHA 30HBI
IIOCTAHOBKU IIOIIEPEYHOU apMaTyphl OT KOHTypa I'Py30BOU ILJIOIIAAKU
mokHa OwnITh He MeHee 1,5/h(. PaccTosiHme MeXOy CTEpPKHIMU
IIOIIepeYHOU apMaTypbl B HAIMpaBJIeHWHW, IlapajjleJIbHOM CTOpPOHaM
pacyeTHOTO KOHTypa, NOPUHUMAIOT He  0Oolee Yy nymms
COOTBETCTBYIOIIEN CTOPOHEI PaCYETHOI O KOHTYpa.

ITPUMEPBI PACYETA

IIpumep 16. /[JaHo. IlnuTa IJIOCKOTO MOHOJIMTHOI'O IE€PEKPBLITUSA
TONIMHOU 220 MM; KOJIOHHBI, IIPEMBIKAIOIME K IEPEKPLITUIO CBEPXY U
cuudy ceuenueM 500x800 mmMm; 6etoH kKiacca B30, Rptn = 1,75 MIla,
Ep = 32,5-103 MIla; HOpMaTuMBHasA Harpy3Ka, Oepeparmoliasicsa C
nepekpeiTUg Ha KojloHHY N= 600 kH.

MoMeHTH B CeUYeHUSAX KOJIOHH II0 BEPXHEU U 10 HUXKHEU I'paHAM
IIJIMTHL PaBHBI: B HaAllpaBJIeHUU pa3Mepa KojloHHBE 500 MM - My = 100
kH-M, B HanpaBneHuu padMmepa 800 mm - My = 50 kH-Mm.

Tpebyemcs TIPOBEPUTH IUIUTY MEPEKPHITUS Ha MPOOAaBIMBAHUE IIPU
rozape CHU3Y IJIUTHL OJIUTEIbHOCTHI0 120 MUH.

Pacuer. [Ipy OOHOCTOPOHHEM OTHEBOM BO3[ENUCTBUU CHU3Y IIJIUTHI
OIUTENNbHOCTHIO 120 MuH (puc. A.2 IpusioxkeHUs A) Ha IIJIUTY BEICOTOU
200 MM ycTaHaBIMBaeM TEMIIEPATYPY IIporpeBa 6eToHa. BLICOTY IIIUTH
pa3genseM Ha 5 4YacTed U [JIA KaXXOOU 4YaCTU HaXOOUM CPEOHION
TeMmiiepaTtypy 6etoHa (puc. 5.30). ITo Tabn. 2.2 HaxoguM Ko3ppuieHT
ycnoBus paboTel 6eToHa Ha pactaxenue: npu 40 °C - it = 0,82; npu
50 °C - ytt = 0,8; ipu 110 °C - ytt = 0,74; npu 285 °C - yit = 0,48 u ipu
685 °C - yit = 0,02. Haxogum cpenHee 3HaYeHUE KO3pPUIIUEHTA Ptt

_082+08+0,74+048+0,02

Fim 5

=0572,

[To ¢popmyne (2.4) Rptnt = 1,75-0,572 = 1,0 MIla. YcpenoHeHHYIO
pabouyio BBICOTY IIJIUTHI TIpPpUHMMaeM paBHou hQ = 180 mMM. 3a
COCpeOTOYEeHHYIO IIPOOAaBJIMBAIOIIYI0 CUJIy IpUHUMaeM Harpy3Ky Ha

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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nepekpeiTusa F = N = 600 kH; 3a mnoilagb ONMpPaHUSA 3TOU CHUJIIHL -
cedeHure KOIOHHEL axb = 500x800 = 400000 mMm~.

OmnpepenuM reoMeTpudecKre XxapakKTePUCTUKU KOHTYPa PaCueTHOT O
IIOTIEPEYHOT0 ceueHus: mepumMetp u =2 (a + b + 2hQ) = 2(500 + 800 +
2-180) = 3320 MmmMm.

MOMEHT COIPOTUBJIEHUS B HallpaBlIeHUM MoMeHTa My (ripu a = 500
MM, b = 800 MM)

+200+ 180 | = 820760 nm’

W, =(a+kﬂ)[ﬂ-;ku +b+%]=(500+180)[5|:|0+18c|
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Puc. 5.30. K ipumepy 16

1 - IepBOe pacyeTHOe cedeHue; 2 - BTOPOe pacyeTHoe cedeHue; 3 -
KOHTYp 1-To pacueTHOTO ceueHus; 4 - KOHTYP 2-TO PaCYeTHOTO
ceuenus; t, °C - pacupepesneHre TeMIIepPaTypPHl 10 BEICOTE IIJIUTHL; 5 -
CpemHsisl TeMIIepaTypa y4acTKa CeYeHUs

MoOMEHT COIIPOTUBIIEHKS B HaIlpaBjleHWH MoMeHTa My (mpu a = 800
MM, b - 500 MM)
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I, = (300 + 180{@ +500 + 180 | = 986553 1w’

3a pacyYeTHBIM COCPEOOTOYEHHBIM MOMEHT B KaXXOOM HallpaBIeHUU
IIPUHUMAEM II0JIOBUHY CYMMBI MOMEHTOB B CEYEHUU II0 BEPXHEU U
HUKHEU rpaHsAMU IJIUTHI

M,
i, =2 10 s i -T=5—;=25m-m

br 2 2 i

ITpoBepsieM ycmoBue (5.84), npunumas M = Mxp = 50 kH-m; Wp =
Whx = 820760 MM2 1 mo0aBiIsIs K JIEBOM YaCTHU

M T
2 22000 o
W, 986333
IIpu sToM
M., M 10 ’
¥ o4 w 2010 +29 =86 Hium {E:SDEJ 10 =241 Hinm.
W, W, 820760 w3320

CnepmoBaTenbHO, MOMEHT HE KOPPEKTUPYEM.

F M, M
B o461+ 25=327 Hium > 100180 =180 Hum

¥ i
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YcnoBue (5.84) He BBIIOJHSETCS M HEOOXOOMMO yCTaHABIMBATL B
IIJINTE MTOIIEPEYHYIO apMaTypy.

[IppuHEMaeM coryiacHO HO. 5.34 miar monepevYHbBIX CTepXKHEN Sy = 60
MM < hQ/3 = 180/3 = 60 mM. [TepBHIl pan CTEpPKHEM pacrnojiaraeM Ha
PacCTOSTHHUHU OT KOJIOHHHBI 75 MM < hQ/2 = 90 MM u 75 MM > > h(Q/3 =
60 mMm. Torma B nipenenax pacctostius 0,5h0 = 90 MM o o6e CTOPOHEI
OT KOHTypa PacYeTHOr0 MONEPEYHOI0 CEeUYeHHUS MOTYT Pa3MeCTUThCS
B OOHOM CeYeHHHN 2 CTepXKHs. [IpuHMMaeM CTEepPKHU K3 apMaTyphl
kiacca A300 ¢ Rsyw = 215 MIla puametpom 6 MMm. [Ipu ycpeoHeHHOM
pacCcTOSTHUY TPOAOJIbHOM HUXKHEU apMaTyphl OT HarpeBaeMoOu T'paHu
uTe @' = 40 MM TeMIlepaTypa IIolepedYyHou apMaTypsl paBHa 450 °C
(puc. 5.30). ITo Tabn. 2.8 koapduiuenty yst = 0,72 u o popmyie (2.9)
Rswt = 215:0,72 = 155 MIla. Torga Asw = 57 MM? 1

08g, =0 ey _ 15265? =144 Him < Ry, o, =1-180 =180 M

B

[Tpu sToM corjiacHO II. 5.32 IpefeibHOE YCUJINe, BOCIPUHUMaeMoe
nonepeyHou apmarypou u paBHoe 0,8 gsw u = 0,8:144 u = 115y,
OOJIZKHO OBITH He MeHee 0,25Fp = 0,25 Fp Rpitnt hO0 u = 0,25-180u = 45u.
Kak BuguM, 3T0O TpeboBaHUE BHIIOITHHUMO.

[TpoBepsiem ycmoBue (5.84) c pobGaBneHMEM K IIpaBOM dYacTU
3HaueHud 0,8 gsw.

M
+ 2 =327 Hiwe < Ry + 0.8g,, = 180 +144 = 324 Hiuw
&

¥

2 | o
+
S

MoOXKHO CYHuUTaTh, 4YTO IIPOYHOCTHL PACUYETHOTO CEeYEHHUS C YUYEeTOM
YCTaHOBJIEHHOM MONEepPevYHOoM apMaTyphl obecreuena. 324 < 327 Bcero
Ha 1 %, 4TO HaXOOUTCS B IpefdeiaXx TOYHOCTU pacyerTa.

[IpoBepsieM IIPOYHOCTH pPacCYeTHOIO0 CeYeHUss C KOHTYpOM Ha
pacctositauu  0,5h(Q 3a TrpaHUIlEl pPacCHOoOJIOXKEHUSA IIONepedHOoun
apMmatypbl. CorjacHo TpeOoBaHMsSIM M. 5.34 TIOCHEOHUM PO
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IIOIIePEYHBIX CTEPXKHEU paclojiaraeTcs Ha PacCTOSHUU OT I'PY30BOU
rsIoianu (T.e. OT KOJIOHHHEI), paBHOM 75 + 460 = 315 MM > 1,5 hQ =
1,5-180 = 270 mM. Torga KOHTYP HOBOT'O PacCyeTHOI'O CEYEHUS UMeeT
pa3Mmeps: a = 500-2-315 + 180 = 1310 mm; b = 800 + 2-315 + 180 =
1610 mm.

Ero reometrpuueckue xapaktepucturu: u = 2(1310 + 1610 + 2-180)
= 6560 MM;

W, =[1310+130)[M

+15610 +180] =241 10° nm™:

" =[151m+130{w

+131[:J+18[:J]=3,?4-1[:Jﬁ MM,

IIposepsiem ycinosue (5.84) ¢ ydyeroM MoMmeHTa Myp. [Ipu aTom
npeHebperaeM B «3alac» YMeHbIIIEHNEM IIPOaBInBaloIIel cuisl F 3a
cueT Harpy3KH, PacIIOJIOZKEHHOU Ha y4JacTKe c pa3Mepamu (a + hQ)(b
+ h(Q) BOKpPYyT KOJIOHHEI

200-10° . 50-10° . 25108
6500 341100 37410

=143,2 Himu < Ry, i, =180 B

[IpoyHOCTE 3TOTO cedeHHUsT obOeciiedeHa. TakuMm oOpal3oM, IIpemen
OTHECTOMKOCTH II0 IoTepe Hecymei crnocobHoctu R120 npm
BO3[EUCTBUM CTAaHOAPTHOTO MOXapa OANUTENbHOCThIO 120 MuUH mnpu
ITPOOaBINBAHUY IIJINTH OKOJIO KOJIOHHBI 00eCcIIedeH.
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HOTepH IIpeaIBaPHTEIBHOI'O HAalIPDsA2K€eHHsI B apMaType IIpHu

mozxkape

5.35. Ilpu orHeBOM BO3OEWCTBUM BO BpeMs IO0XKapa MHPOUCXOOAT
OOTIOTHUTEIbHLIE  IIOTEPU  IMPEeOBapUTENIbHOTO  HaIPSXKeHUus B
apMaType.

Y4yeT [OOMOJTHUTENbHBIX ITOTEPH ITPEABApPUTENILHOTO HANPSKEHUS B
apMaType HeoOXoOguM IIpU pacyeTe pOedopMaluid M IIPU pPeIleHuHn
BOITpPOCA HOaJbHEWUIIIEero MCIOIb30BaHUS KOHCTPYKIIUU IIOCIIe TozKapa.
[Tpu moxkape BO3HUKAIOT OOIIOJTHUTEJIbHBIE IOTEPHU IIPEABAPUTEIILHOTO
HallpsXKeHUsI B apMaType, BBI3BaHHBIE TeMIIepaTypHOU ycaaKou u
MOJI3y4eCThi0 OeTOHa, pejlakKcalluell HalpsiKeHWs B apMaType IIpHu
HarpeBe ¥ pPa3HOCTBIO TeMIepaTypHBIX [pOedopmanuii OeToHa u
apMaTypHI.

[Tpu orHEBOM BO3OeUCTBUU OETOH Ha YPOBHE ITPOAOILHON apMaTyphH
WHTEHCUBHO IIPOTPEBAEeTCS M IIPOUCXOOUT TeMIlepaTypHas ycagka
O6etoHa. [JedbopMalusi TeMIIepaTypHOU yYCcaJKM TsAKeJoro 0eToHa maxke
P KpaTKOBPEMEHHOM HarpeBe O00Jibllle, 4YeM IIpU HOpPMaJIbHOM
TeMIlepaType. 3HaYeHHe I0Tephb IIPEeABapUTEJIbHOTO HaIIPSAXKEHUS OT
TeMIepaTypHOU yCaOKU OONyCKaeTCsa IpUHUMaTh paBHEIM 40 MIla.

[ToTepu nmpenBapUTENbHOIO HAIIPSAXKEHUS apMaTyphl OT pejlaKcalluu
HalpsXKeHUM B apMaType 3a CYeT pas3BUTHUS MJIaCTUYECKUX
medbopManuii apMaTypbl I[pPH HarpeBe 3aBUCAT OT 3HA4Ye€HUdA
HaIPSXKEeHUM B apMaType U TeMIepaTyphl ee Harpesa.

[ToTepu MpegBapuUTENbHOTO HAIPSAKEHUSI B apMaType OT pejlaKcalluu
HamnpsikeHu 3a 1-3 4 HarpeBa OONyCKaeTCsa IPUHMMATh pPaBHBIMU
0,001 Atsosp. IlpemBapuTenbHOE HaNpsiXKeHHWE B apMaTrype Osp
OIpedesiaioT C YY4eTOM BCeX IOTEPh IPU HOPMAJIbHOUW TEMIIEpaType;
Ats - pa3HOCTh MeXOy TeMIIepaTypol HarpeBa apMaTyphl IPHU IT0Kape
1 TeMIIepaTypou IIpu HaTSIKEeHUH.

OT BO3OeUCTBUSA TeMIlepaTyphl H3-3a pas3jInyus TeMIlepaTypPHBIX
medopmaluit 6eToHa u apMaTypHl BO3HUKAIOT IIoTepu
IpeaBapUTEIbHOI0 HANpPsSKEHUS, KOTOPhle IPUHUMAIOT PaBHBIMU (dst
- apt) AtsEst. 3HaueHus KoappuiimeHTa apt OIIPenensoT mo Tadn. 2.4,
KO3 puIineHTa ast - Mo Taba. 2.9 u MOoOyssa yIpyrocTu apMaTtyphl Est -
1o ¢popmyirie (2.10) B 3aBUCUMOCTHU OT TeEMIIepPaTypPhl apMaTypHL.

[ToTepu IIpeOBapUTEJILHOTO HAMPSXKEHUS apMaTyphl, BLI3BAHHBIE
OBICTPO HaTeKalollel IT0JI3y4eCcThio OeTOHa ITPU HarpeBe, 3aBUCST OT
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HaInpsXkeHuil B OeTOHe Ha YPOBHE IIPOAOJHPHOM apMaTypbl U UX
[OIIyCKaeTcsl NpuHUMaTh paBHEIMU 1000bp, rAe Obp - CKUMAarIIKUe
HaIpsiKeHus: B 0eTOHe Ha YPOBHE MPOAOJIbHONM apMaTypHI.

B anemeHTax u3 O6eToHa KiaccoB B30 u BHIIIE, UNMEIOIIUX
IpeqHanpsixkenue mopsinka osp = 0,6 - 0,8Rs, mocie OrHeBOro
BO3OENCTBUS OCTATOK IIPEOBaApPUTEJIbHOTO HAMNPSKEHHS B apMaType
OIIpPEenensioT:

B CTEP2KHEBOU apMaType KJIaCCOB

A600 osp = 84 - 0,4ts (5.89)
A800 osp = 87 - 0,39ts (5.90)
A1000 osp = 92 - 0,26ts (5.91)

B IIPOBOJIOYHOU apMaType KiaccoB Bp1200 - Bp1500, K1400 - K1500

osp = 89 -0,27
ts,
(5.92)

roe osp = 0 - ocTaToK IIpegBapUTEJILHOT O HAIIPA2KEeHHNA B apMaType,
% HMCXOOHOTO 3HAYEHUS IIPp1 U3TOTOBJIEHUH;

ts >20 - TeMIiepaTypa apMaTypsl Ipu mnoxape, °C.

N3 popmyn (5.89 - 5.92) crnenyeTt, 4TO BO BpeMs IToxKapa OT OTHEBOTO
BO3OEUWCTBUS TIPOUCXOOUT TIIOJIHASA IOTeps  IIpPeaBapuTEIbHOTO
HaNpsXKeHUs B CTEepPXKHEeBOU apMmaType Kiacca A600 mpu ee Harpese
csrilie 210 °C, kmnacca A800 - csriie 220 °C, kyacca A1000 - cBeilie
350 °C u B mmpoBono4yHOU KiaccoB Bp1200 - Bp1500, K1400 - K1500 -
csritzze 330 °C.

[Ipy HarpeBe apMaTypbl HUXKe TeMIlepaTyphl, IIPA KOTOPOMH
IIPOUCXOOUT TIOJTHAs TOTeps IIPEeIBAapPUTEIbHOTO HAIPSIXEHUs, BO
BpeMsI OCTBHIBAHMSI MOXKET HabOmiomaTbCsi HEKOTOPOE BOCCTAHOBJIEHUE
TIOTEPDb IPEeOHAIPSIKEHUS B apMaType 13-3a pa3/indus TeMIlepaTypPHBIX
nedopMaluii apMaTyphl 1 6eToHa.

HOTepI/I IIpegBapUTEJIbHOTO HAIIPA2KEHHUA B apMaType IIPDHU Harpese
BHIIIIE€E TEeMIIepaTyphI, IIPpH KOTOpOfI IIPOUCXOOUT IIOJITHAA IIOTepsd
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IIpegBapuUTEJIbHOTO HAIIPAZXKEeHHSd IIPU II0ZKape, IIOoCJIe II02Kapa He
BOCCTaHaABJIUBAIOTCHI.

6. PACYET LHEJIOCTHOCTH BETOHA IIPH IT1O2KAPE

6.1. IToTeps 1€JTOCTHOCTH - UM 00pa30BaHle CKBO3HLIX OTBEPCTUM
UIN CKBO3HBIX TPEIIMH BO BJIaXKHOM OeTOHEe IIpU OJHOCTOPOHHEM
HarpeBe - HacTymaeT 4epe3 5-20 MHUH IOoCje Hayajla IOXKapa H
COITPOBOXKAeTCs OTKOJIaMM OeTOHa OT HarpeBaeMOU MOBEPXHOCTH.

B TOHKOCTEHHBIX K€eJIe300€ TOHHBIX KOHCTPYKIIUAX Tonimaon 40-200
MM 3TO IPUBOOUT K OOpa30BaHHUIO CKBO3HBLIX OTBEPCTUM M TPEIIHH.
B KoHCTpyKIusx TonmuHou 6osee 200 MM 5TO IPUBOOUT K OTKOJIaM
KyCKOB O0eToHa TonuiruHou A0 50-100 MM, 4TO yMeHbIIIaeT MOIepevyHoe
cedyeHHe dJIeMeHTa.

[TpUYMHON XPYIKOTO pas3pylleHuss OeToHa IIpU IT0XKape SIBIISETCS
oOpa3oBaHHe TpelMH B CTPYKType OeToHa ¥ UX Ilepexod B
HEPaAaBHOBECHOE CIIOHTAHHOE pPa3BUTHE IIOM BO3OEWCTBHEM BHEIIHEH
Harpy3kKu ¥ HEPABHOMEPHOTO HarpeBa u (QuIbTpaluu Iapa IIo
TONIINHE CEeYEeHUS 3JIeMEeHTa.

6.2. Bo usbexkaHue XpPynKOTro pa3pylleHUs B OeTOHE HAIPSXKEHUS
cxaTusi B OeTOHe He [OOJIKHBI ITPEBHINIATh 3HAUEHUM, YKa3aHHBIX Ha
puc. 6.1, He3aBUCHUMO OT BuAa OeTOHa.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Puc. 6.1. 3aBUCUMOCTDb XPYIIKOTr0 pa3pylleHuss 0eToHa OT HalpsaXeHul
cxKaTus B 6€eTOHE M TOJIIINHBI 97IEMEHTa

6.3. B Xkene300eTOHHBLIX KOHCTPYKIIMSX M3 TsXKelIoro OeToHa C
CUIUKATHBIM 3allOJIHUTEeJIeM U BJIaXXHOCTbi0O Oonee 3,5 %, cC
KapOOHATHBIM 3aIlOJTHUTEJIEM U BJIAXKHOCTBIO Oosiee 4 % BO3MOIKHO
XPYIIKOe pa3pyllieHue 0eToHa IpHU Imoxape.

B0O3MOXKHOCTH XPYIIKOTO pas3pylieHuss 6eToHa IIpu moxape o B.B.
2KyKOBYy OLleHUBaeTCs 3HayeHUWeM KPUTEpPHUsl XPYHIKOro pa3pylIeHUusd
F. Ecniu F < 4, To XpynkKoro pa3pymeHus 6etoHa He O6yner. Eciu F
> 4, To 6eToH OymeT XpPyIKO pa3pylIlaThCs, U Ipeaesl OTHECTOMKOCTH
10 IIeJIOCTHOCTU He OymeT mpeBbimath E15. Kpurepuit Xpyrnkoro
pa3pyineHus 6eToOHa CeayeT OonpenesnsaTh no hopMmyJie

F =

aaptEptpWa/K Liam,
(6.1)

roe a - KoappUuIMeHT IIPOIOPLUHXOHAIbHOCTH, PaBHBIA 1,16-10'2
Br-Mm™'%;

apt - Ko3bpuimeHT TemmepaTtypHou nedopmanuum OeTOHa,
IIPUHUMAIOT 0 Tabmn. 2.4 o Temnepatypsl 6eToHa 250 °C;
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Ebt - MOOynb ympyroctu GeToHa, MH/m? (MH/M2 = MIla = 10 krc/
cM“), ompepensdaiT no dopmyne (2.5), B KoTopou kKoapduuueHTt (Bb
IIPUHUMAIOT o Tabmu. 2.2 mpu Harpese 60eToHa mo 250 °C;

P - TIJIOTHOCTHL OE€TOHA B CyXOM COCTOSTHUH, Kr/M3, NPUHUMAKOT paBHOU
IIJIOTHOCTA OeTOHa B €CTeCTBEHHOM COCTOSHHM 3a BBUYETOM
HcnapswIlencs Bogsl B Konudectse 150 KI“/MS;

K11 - K03¢pGUIIMEeHT IICeBOOMHTEHCUBHOCTH HaNpsXeHui OeTOHa,
MH-Mm™“, npuHHMalOT 00 Tabn. 6.1 B 3aBUCHMOCTH OT BHUOA U
KOJIN4YeCTBa KPYIITHOTO 3all0OJTHUTETIS;

A - Ko3poduumeHT TemsompoBogHOCTH OeToHa, Bt/(M-°C),
ompepnensioT Mo ¢dopmynam (3.2) u (3.3) s Temnepatypsl 6eToHa 250
oc;

I - 001I1asi ITOPUCTOCTL OETOHA.

OOmryr0 MTOPUCTOCTHL OeTOHa C MJIOTHBIMM  3alOJTHUTEJISIMU
OIIpedessiioT 1o GopMyIaM:

ois 6etona ¢ B/l = 0,4

o = I(B/1] -
0,2)1073;
(6.2)
ois 6etona ¢ B/1I < 0,4
o = (B/
11-8-10°4)11.
(6.3)

[Ipu Hamuuuu B cocTaBe OeTOHa MUKpPoKpeMmHe3zeMma (MK) wunu
MmonudukaTtopa (MB) 3HadeHHs BOOOIEMEHTHOTO OTHOIIEHUS B
dbopmymnax (6.2) u (6.3) npuHUMAIOT: B 6€TOHE C MUKPOKPEMHE3EeMOM

137
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BRI -
1T + MK
(6.4)
B OeToHEe C MOAM(PUKATOPOM
BT~ ——
10 + 0, 9NE
(6.5)

OObeMHas 9KCIUTyaTallMOHHAs BIaXKHOCTh OeToHa W), M3/M3, paBHa:

Wo =
Whp1073,
(6.6)
roe Wp - paBHOBECHAsI BIaXXHOCTh O€TOHA II0 Macce, KI/KT.
Tabnuma 6.1

3HaYeHUsa K11, MH-M'3/2, B 3aBHCHUMOCTH OT
comepzKaHUS KPYIIHOI'O 3aIll0JIHUTEJIS B
Bun 3amonHUTENeH OetoHe, %

35 50

[TpupopHLIY TECOK U 0,47 0,53
CUJIMKATHBIN 11e6eHb

[TpupoOHEIN TECOK U 0,39 0,44
KapOOHaTHLIN I1IeO6eHb

IIpuMmedaHnus:

1. Ilpu KpynHOCTU 3amoyiHuTeNnsd 6onee 10 MM 3HAYEHUSA K11 YMHOZKQAIOT Ha

1,14.
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2. JIns 6eTOHA TEIUIOBJIaXXKHOCTHOM 00pabOTKY 3HAUYEHUS K11 oensart Ha 1,4.

3. 3navenus K11 IOJIs pacxofja KpymnHoro 3anonHutens <50 u >35 %
MMPUHUMAIOTCS 10 TMHENHOM MHTEPIONISALINH.

6.4. MakcuManbHass pPaBHOBECHasI  BJIAXHOCTh OeToOHa B
Kene300eTOHHBIX KOHCTPYKIIUSIX MOXKET COXPaHSATHCS B IEPBBLIM MECSHI]
BJIa2KHOTO TBepAeHUsi OeToHA MM TPU ISKCIIyaTallud BO BJIAXKHBIX
YCIJIOBUSIX, KOTAa BCe MOPHI U KAaIUJIJISAPHl 3all0JTHEHEI BOOON.

PaBHOBECHYIO BlIaXKHOCTb O€TOHA B 3aBUCUMOCTU OT OTHOCUTEJILHOU
pacueTHOU BJIAXKHOCTH BO31yXa, npu KOTOpPOU Oymert
9KCIJIyaTUPOBAThCS Kejie300eTOHHasi KOHCTPYKIMS, U OT pacxona
IIleMeHTa IIPUHUMAIOT 10 Tabi. 6.2.

Tabnuia 6.2
BecoBas BIaXXHOCTb 6eTOHA Wb°102, KT'/KT, B
3aBUCUMOCTHU OT OTHOCUTEJILHOU pPacCuyeTHOU

PACXOA IEMeHTa, KT BJIa2KHOCTH BO3ayXa, %
Ha 1 M° 6eToHa Ayxa, 7o

25 50 75

200 0,6 0,9 1,2

300 1,0 1,3 2,5

400 1,5 2,1 3,0

500 2,0 2,7 3,8

700 3,0 3,9 54

IIpumeuyanue. [IpOMexXyTOouyHBIEe 3HaueHUuaA Wp ODPUHUMAKOT IO
JINHEUHOU WHEPIIOJIAIIUN.

6.5. Kak BugHo u3 opmynel (6.1), 3HaUeHMEe KPUTEPUS XPYIIKOTO
pa3pyuieHusa OeToHa F 3aBUCUT OT (QU3NWYECKUX CBOUCTB OETOHAa,
KOTOphle HE3HAYUTEJIbHO OTJIMYalOTCS OIS Pa3HBIX COCTABOB, WM OT
00BEMHOM  9KCHJIyaTallMOHHOM  BIAaXXHOCTHM  OeTOHa, KOTopas
CYIIIECTBEHHO BJIMSET Ha 3HAYeHHe O9TOro Kpurepus. dem Oosbiile
BIIaXKHOCThL OeTOHa, TeM O0O0Jbllle 3HaYeHUWe KPUTEPUS XPYIIKOTO
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pa3pyiieHuss M TeM OOJIbllle OIaCHOCTh BO3MOXKHOCTH XPYIIKOTO
pas3pylieHus 6eToHa BO BpeMsi moxkapa.

Heob6xoguMo paccMaTpuBaTh BO3MOXKHOCTb XPYIKOT'0 Pa3pyIIeHUS
OeToHa MpU IIOXKape KakK BO BPeEMsSI CTPOUTENLCTBA, TaK U B IEPHUOL
nycka oO0beKTa B 9KCIITyaTallUio M IIPU IKCIJIyaTalluM COOPYKEHUS B
3aBUCUMOCTHY OT OTHOCUTEIBHOM pacyeTHOM BIaXKHOCTHU BO3yXa.

6.6. beTOoH, UMelOUINN 3Ha4YEeHNE KPUTEPHUS XPYIKOIrO pa3pylleHUus
F > 4, HeoOX0OMMO 3alllUTHUTh OT XPYIIKOTO Pa3pyIIeHUs BO BPEMSH
roxkKapa CIenyIoIIuMU MepaMu:

1) moBBIlIIEHEM ITPOTUBOIIOKAPHOM 0€30MacHOCTH, YTOOHRI B ClIy4ae
rozkKapa ero Mo>KHO OBIJIO JTIOKaJIn30BaTh Ha HadyaJIbHOU CTauu;

2) CHUXKEHHEM paCdYeTHOM OTHOCUTEIBbHOM BJIaXKHOCTHU BO3[OyXa B
IIOMEIIeHUH;

3) OOTIOTHUTETbHBIM KOHCTPYKTUBHBIM apMHPOBaHUEM
TIOBEPXHOCTHOTO CJI0s1 6€TOHA CO CTOPOHBI HarpeBa apMaTypPHOM CEeTKOM
Cc s4yerkaMu 25-70 MM 1 guaMeTpoMm apMaTtypsl 0,5-1,0 MM;

4) HaHeCeHHEeM OTHEe3alIUTHOTO ITOKPHITHUS TOJIIHWHOM 2-4 CM Ha
HarpeBaeMylo ITOBEPXHOCTL OETOHA;

5) yCTpPOHCTBOM MeTaJlIN4eCKOM OOJIUIIOBKM CO  CTOPOHEI
HarpeBaeMol MOBEPXHOCTY;

6) mpuMeHeHHEeM OETOHOB C OTPaHUYEHHBIM PacxoooM IIEMEHTa,
yMeHbIIeHHBIM B/1], KpyIIHEIM 3alloJIHUTENIeM C 00Jjiee HU3KUM
K09 PUIIMeHTOM TeMIIepaTypPHOT0O paclIupeHus.

IIPUMEPBI PACYETA

IIpumep 17. [ano. CocTaBel TskKenoro 0OeTOHa, KOTOPBIE
IIPUMEHSJIN IIPU CTPOUTENHCTBE MOA3EMHOI0 TOPTOBOTO lieHTpa (TabII.
6.3).
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Taonuma 6.3
I1
CocTaB GETOHHOM CMECH, KI/M> JIOTHOCTS 36 E
KI/M
HauvmenoBaHue Knacc
Ne KOHCTPYKINY, | 6eToHa I10
COCTaBa| B KOTOPHIX |IIPOYHOCTH Muxkpo- Mopmudwu-|EcTecTBen-
0eToHa | TPUMEHSTH llemeHT |KpeMHE- Tecox| IleGeHs Boma| kartop HOU C
0eToH Ha cXkaTue 3eM 6eToHa |BIIaXKHOCTH
IT il
0 B
MK MB p1
1 CreHa B B30 370 45 760 1030 | 176 2380
TPYHTE, ITIaHOyC
2 I[InuTe B30 550 700 960 200 2410
IEePEeKPHITUU
3 I[InuTe B40 400 55 700 1030 | 185 2370
MMOKPBITUU
4 To xe B40 430 660 1050 | 180 50 2370
5 KomnouHHI, B55 500 60 580 1070 175 2390
Oanku
6 |TCPEKPHITHH B55 490 630 | 1050 |175| 50 2400

Tpebyemcs ONpeOenuTh BO3MOXKHOCTb XPYOKOTO Pa3pyIIeHus
OeToHa B XKene300eTOHHBIX KOHCTPYKIMSIX IIPU OTHEBOM BO3[ENCTBUU
rozapa.

Pacuer. HauOomnbIillyio  BJIaXXHOCTb OETOH  HMeeT  TIOocCJe
U3TOTOBIEHUSA KOHCTPYKUuu. [loaToMy pacCcMOTPUM BO3MOXKHOCTH
XPYIIKOTO pa3pylleHusi 0eToHa MPU MoXKape BO BPeMS CTPOUTEIHCTBA
00BEeKTa, KOTla OTHOCUTENIbHAs pacueTHas BIaXXHOCTh Bo3ayxa 75 %.

OnpepeneHue KpPUTEPUsS XPYIKOro pa3pylieHuss OertoHa F
nmpousBoguM 1o ¢opmyne (6.1), B KOTOPyH BXOOAT 3HAYEHUA
yKa3aHHBIX HUXKe (PU3NUYEeCKUX BEJINYUH.
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KoadduumeHnt TemnepaTypHoU nmedopmaluu TsSxkKenoro O6eToHa Ha
CUJIMKATHOM 3alloIHuTesie IIpu HarpeBe mo 250 °C mpuHHMaeM II0
Tabm. 2.4 - abt = 8,25-10° °C’1,

KoaddpulimeHT TENIONPOBOOHOCTH TSIXKeI0oro 6eToHa Ha CUIUKAaTHOM
3anonauTesie npu 250 °C onpepenseMm o ¢popmyie (3.2)

A=1,2-0,00035-250 = 1,11 Bt/(M-°C).

KoadduimeHt IICEeBIOUHTEHCUBHOCTHU HAIIPSIKEeHU S 0eToHa
IIPHHUMAaeM 110 Tabiu. 6.1 ¢ yueToM npuMedaHus 1, Tak KakK KPYIHOCTh
3aII0JIHUTEJIS [IJIT BCeX COCTaBOB OeToHa Oblyia 20 MM. 171 1-To cocTaBa
OeToHa K11 = 0,58-103 xkH/m 32,

Mopynb yanYPOCTH s 6etoHa Kinacca B30 nmpunumMaem no Tab. 2.3
-Ep = 32,5:10° MIla.

Kosdpoduiment Bp, yUYUTHIBAIOIINMM CHHUXKEHHE MOOYJIS YIIPYTOCTH
6eToHa C MOBHIIIEHUEM TeMIepaTyphl Ao 250 °C, mpuHUMaeM 110 TalIl.
Q - ﬁb = 016'

Ebt = 32,5-103:0,6 = 19,5-103 MH/M?; p = 2380-150 = 2230 kr/m°.

OO11yI0 MOPUCTOCTh OEeTOHA onmpenesnsoT no dopmynam (6.2) u (6.3).

IOna 1-ro coctaBa ¢ B/Il = 0,42 > 0,4

IT=0,1(3,7 + 0,45)(0,42 - 0,2) = 0,091.

IOna 2-ro coctaBa ¢ B/ = 0,36 < 0,4

IT=0,08-5,5-0,36 = 0,158.

OO0BeMHas 3KCITyaTallMOHHAS BJIAaXKHOCTH OEeTOHA OIIpeesieTcs II0
dopmyne (6.6), B KOTOpPOM paBHOBECHAsI BJIaXXHOCTh OeToHa
MMpUHUMaeTCss 1o Tabn. 6.2 B 3aBUCUMOCTH OT OTHOCUTEJIbHOU
pacyeTHOM BIaXXHOCTH Bo3mdyxa. [y 1-ro coctaBa 6eTtoHa (Tabm. 6.3)

Ws = 0,1-0,028-22,3 = 0,062 u Kputepuiu XpPyHKOro pa3pylleHUs
OeToHa paBeH:
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_116-1078.2510° 195101 2230 0,062 _
0,581,11:0,091

F 44

?

II719 Opyrux COoCTaBOB OeTOHA BLIYMCIIEHHBIE 3HAYEHUS KPUTEPUS
XPYIIKOTO pa3pylnenus 6eToHa F npuBeneHHl B Tabn. 6.4. Kak BUOHO 13
TaOJIUITEI, OJIsS cOCTaBOB OeToHa 1, 2, 3, 5 u 6 3HaueHus F=4.

TaOaunoa 6.4
PacueTHas OTHOCHUTEJIbHAS BIaKHOCTD
1 Bo3ayxa, %
Ne K1, Ebt, IT10THOCTB
cocraBa| KH/ KH/ NI ’ 75 50
f6eToHa M-lO'?’/2 M-lO4
Wh W3 F Wh W3 F
1 0,58 1,95 0,091 0,028 10,062 | 4,4 |0,019]0,042 3,0
2 0,58 1,95 0,158 0,042 10,095| 4,0 |0,028]0,063| 2,7
3 0,58 2,16 0,096 0,030 10,067| 5,0 |0,021]0,047| 3,8
4 0,57 2,16 0,147 0,032 10,071 3,7 10,0231]0,051 2,7
5 0,56 2,34 0,139 0,038 10,085| 5,0 |0,02710,060| 3,5
6 0,57 2,34 0,129 0,03710,083| 5,1 0,026 [ 0,059 | 3,6

B cTtene B I'PYHTE, B IIaHOYyCaAX, IIJIINTaX HOKpLITPIfI u HeperbITHfI, B
KOJIOHHAX M 6alKax BO3MOXKHO XPYIIKO€ pa3pylaieHnmne OeToHa IIpu
I102Kape BO BpeMd CTPOUTEIIECTBA. HOSTOMY Heo0X0aruMO cepbe3Hoe
BHUMaHHUE 06paTI/ITB Ha TEXHUKY HO}KapHOI;I 0e301acHOCTH, YTOOHI B
CJIy4dae€ BO3TrOPaHUMA II0ZKaP MO2KHO ObLIO OBI JIOKAJIN30BaTh Ha
HayvaJIbHOM CTaOuHu.

CnemyeT OTMETUTh, YTO B Kele300eTOHHBEIX KOHCTPYKIIMSIX
MIEPEeKPBITUH, Y KOTOPBIX HUXKHSAS IIOBEPXHOCThL OOJHIIOBaHA
IPOPUILHEIM CTAJIbHBIM JIMCTOM, M B OT'pPaXKaloIINX KOHCTPYKIIMSIX
«CTeHa B TPYHTE», UMEIOIINX OOJIUIIOBKY M3 MEeTaJIIMYeCKOro JIUCTa C
BHYTpPEHHEN MMOBEPXHOCTH, B3PHIBOOOPA3HOTO pa3pyllleHuss He Oymer,
TaK KaK OOJIMIIOBKA MPENSTCTBYeT OTKOJy OeToHa C HarpeBaeMou
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IIOBEPXHOCTU. B 3TUX KOHCTPYKLHUSX BO3MOXKHO TOJILKO O0Opa30BaHUE
TPEUIUH TJIYOMHOM A0 5 CM, KOTOPhIe He OKAXKyT BIUSHUS Ha IPOYHOCTD
U OedopMaTUBHOCTh KOHCTPYKIUM U HE CHU3SAT WX M[Opeael
OTHEeCTOHKOCTH.

[Tocne pacnanyOku Kene300eTOHHBIX KOHCTPYKLMUM BJIAXKHOCTD
OeTOHa YyMEHbBIIAETCSI, TaK KaK HapyllaeTCs TUTPOMETPUYecKoe
paBHOBeCHE C BO3OYXOM. BilaXKHBIM KaNUWJIISPHO-IOPUCTHEIM OETOH
BBICHIXaeT. McmapeHue Biaru u3 OeTOHA HAYWHAETCS B IIEPBYIO
oyepenb U3 KPYIHBIX MOP ¥ KAITUJIISIPOB 3a CUET HApPYIIeHUsT (GU3UKO-
MEeXaHUYEeCKUX CBsI3ed U yHaJleHuss CBOOOOHOM BOOEL. 3aTeM
HAaYMHAETCS HCIIapeHHe BOMOLI M3 MUKPOIOP W MEJKWX KalWuIsTpOoB.
[Tocrme ymaneHuWs KaOWJITPHOM BOOBI HA4YWMHAETCS yHaJIeHUe
CTPYKTYPHO CBSI3aHHOUW ¥ aJCOPOIIMOHHON BOOLI M3 CTPYKTYPHBIX
ss4eeK, OOpPa30BaHHBIX METbYAWIIUMH KPUCTAJUIMKAMHU ITPOOYKTOB
TUApaTalluy IIeMeHTa U IIOJIMMOJIEKYISIPHO aJcopOMPOBAHHBIX CIIOEB.
[Tocnemuelt  ymansieTcsa  BOAQ, agcopOupoBaHHasT B  BUe
MOHOMOJIEKYJITPHBIX CJI0EB.

HauanbHasi MaKCcUMalbHas BIaXXKHOCTb O€TOHA B KOHCTPYKIIUU ITOCIIE
U3TrOTOBJIEHUS - 5 %. B mepBble moJrona BlaxkKHOCTh OETOHA B CPEIHUX
CJIOSIX U Ha ITOBEPXHOCTHY BhIPAaBHUBAETCS U yMeHbIIaeTCs. Yepes roqg
BJIaJKHOCTH OeTOHA He IpeBHIIIaeT 2,5 % U mocje OBYX JIET COCTaBIsIeT
MmeHee 2,0 %. PaBHOBeCHas BlIakKHOCTh O€TOHA MPU OTHOCUTEITLHOM
BIaxkKHOCTH Bo3ayxa 60 % He 6omnee 1,5 % u ipu 70 % - He Gomnee 2,5
%.

3aTeM BJIaXXHOCTH OEeTOHa YMEHLBIIIaETCA W BJIAT'OIIOTEPH OOXOOAT O0
2-5%.

Temepb paccMOTpUM CIIydad IIyCKa B 9KCIUIyaTalUi0 KOMIIJIEKCA,
KOI'[la CHUCTEMBI OTOIJIEHWS ¥ KOHOWIIMOHMPOBAHUS BO3OyXa elle He
IyILIeHb B HOPMa/JIbHYIO 9KCITyaTallMIo M BIIaXKHOCTH Bo3ayxa - 50 %.

3Ha4YeHUsI KPUTEPHUS XPYMHKOTO pa3pylieHuss 6eTOHOB F BHIYHCIISIIN
mo ¢opmymne (6.1). Y3 tabn. 6.4 BHUOHO, YTO BCE COCTABHI OeTOHA B
ITyCKOBOM mmepuoj He OyOyT pa3pyllaThCs, Tak KakK 3HaveHusd F < 4.

[Tpu 9KCIITyaTalluu B JIETHUYM IIEPUOL BIIaXXHOCTh Bo3myxa Oymet 45 -
55 % u XpPYIKOTo pa3pylieHusi 6eToHa He OyOeT.

B xomomHOe BpeMsi Tofia, KOrfia OTHOCUTEIbHAs BIaXKHOCTh BO3IyXa B
IoMelreHusIx Oymer elne MeHbIte (35-45 %), 6eToH TeM Ooyee He OymeT
XPYIKO Pa3pylIaThCsA B KeJIe300€TOHHBIX KOHCTPYKIIMSIX IOO3€MHOTO
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TOProBOTO IIeHTpPpa B IIepuoda IIYyCKa B 3JKCIIJIyaTallUIO W IIPH
9KCIIJIIyaTalluN.

Cyxofl KanWIISIPHO-TIOPUCTHIM OETOH TPU IOBHIIIEHWN BIIAXKHOCTHU
B IIOMeIlleHusX OymeT BHOBb BIUTHIBATh €€ U YBIIAXKHATHCSA. Ecmu
HAPYIIUTCSI HOpMajbHasi paboTa CUCTEMHBI OOecClieYeHUs WM Yepes3
CTEeHHI M OHUIe OymeT IoIafaTh Bofa, a ApeHax He OymeT paboTaTh,
TO BJIA?KHOCTH OETOHA MOXKET OBICTPO MOBBICUTBHCS OO0 MAaKCHUMAaIbHOM,
KaK 9TO OBUIO YCTAHOBJIIEHO IpPU OOCIEeOOBaHUM Kele300€TOHHBIX
KOHCTPYKIIUM ITOA3€MHOT0 rapazxa. B 9ToM ciydae BO3MOXKHO XPYITKOe
paspyiieHue 6eToHa BO BpeMs moxkapa.

7. OTHECOXPAHHOCTD 2KEJIE3OBETOHHBIX

KOHCTPYKIIMH IIOCJIE IIOKAPA

7. 1. Tlpu NpPOEKTUPOBaAHUM KeIe300eTOHHBIX KOHCTPYKILUMH,
yKa3aHHBIX B I. 1.23, moymKHa OBITH IPOBepeHa UX OTHEeCOXPaHHOCTH
Iocjie BO3MOXKHOI'O TIIOXKapa. [Ipu 3ToM HeOOXOOUMO VYUTHIBATH
IIOCJIEOCTBUS pa3pyLIalIIero BO3OENCTBUS OTHS Ha HapyXKHBIE CJIOU
0eToHa M apMaTypy.

IIpouyHOCTS HOCJIE ImMoKapa

7.2. TIpOYHOCTDL Keje300eTOHHBEIX 3JIEMEHTOB PACCUMTHIBAIOT IJIs
HOPMaJIbHBIX ¥ HAKJIOHHBLIX CEYEeHHUH COTJIaCHO YKa3aHMUSAM pas3gesna 5.

CompoTuBsienrne 0OeTOHa CXKaTHWIO, HArpeToro BHIIIE KPUTUYECKOMU
TeMIIepaTyphl, OOMyCKAaeTCs He Y4YUTHIBaTh, COIMPOTHUBIIeHHEe OeTOHa
CXKaTUI0 NIPUHUMAKOT PAaBHOMEPHO paclIpefeleHHBIM 10 CXKaTOU 30HE.
B aToM cnydyae npu TeMIilepaType HarpeBa HHUXe KPUTUYECKOU
TeMIlepaTypbl pacyeTHBIE COIIPOTUBJIEHUS IIPUHUMAIOT: CXKaTUi Rp
U pacTskeHuio Rpt, HO MoOynb ynpyroctu 6etoHa Ebt IPUHUMAIOT C
y4eTOM BJIMSIHUS TeMIlepaTyphbl. PacyeTHBIE COIPOTUBJIEHUS apMaTypPhl
pacTsaAXKEeHUI0 II0CJIe OTHEBOI'O BO3OEUCTBUS IIPU IIOXKape NPUHUMAaIOT
paBHBIMU Rst ¥ CKaTUIO Rsct.

3HaueHue KO3(hPUIIMEHTOB YCIOBUS pabOThl apMaTyphl JPst B
OXJIaXXJI€HHOM COCTOSHUHU II0CJIEe IToXKapa NPUHUMAIOT II0 Tabin. 2.8 B
3aBHCUMOCTHU OT TeMIIepaTyphl HarpeBa apMaTypEl BO BpeMs I1ozKapa.
[IporpeB OeTOHaA OO0 KPUTUUECKOM TeMIlepaTyphl BO BpeMs IIoxKapa
yCTaHaBIUBAIOT IO puc. 5.1 - 5.3 U TEIJIOTEXHUYECKUM pacyeToM

(mpunoxenud A, Bb).
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7.3. Ilpu pacyeTe OrHECOXPAHHOCTH KeJ1€300€TOHHBIX KOHCTPYKITUU
1o gedhopMalliOHHON Mofesi U ¢ 9BM u3MeHeHHUs: CBOMCTB OeToHa
IOCJIe TToXKapa YYUTHIBAIOT 10 BCEMY CEYEHUIO 3JIeMeHTa:

7.4. [Tpmu pacuere IIPOYHOCTHU HOPMaJIbHBIX CceyeHuu
Kene300eTOHHBIX 3JIEMEHTOB CJIeOyeT Y4YUThIBaTh, YTO 3JIEMEHTHI,
paccunTaHHble Ha pPaboTy OO IoXKapa npu x <= ERh(Q, mocje Ioxkapa
MOryT paboTaTh Ipu X > {Rh(Qt uU3-3a YMeHbllleHUs pabodyel BHICOTHI
CedyeHUs IocJie IPorpeBa HapyKHBIX CII0eB O€TOHA BHIIIIE KPUTUYECKOM
TeMIepaTypHl.

Korpma ycmoBue x <= ERh(Q He coOmiomaeTcsi, MOMEHT OIIPEessioT
mo ¢gopmymnam (5.10) u (5.11), moacTaBnsid B HUX 3HAaYEHUS BBICOTHI
cxKaToM 30HB X = ERh(. 3HaueHue R onpenessoT mo Tabm. 5.1.

ITPHUMEPBI PACYETA

IIpumep 18. [Jano. Ilnuta nepekpeiTusd BeICOTOM 220 MM
apMupoBaHa ceTKaMu u3 apMmaTypsl Kjtacca AS00C J14 MM; B OIIOPHBIX
cedyeHUsX ceTka C syerkaMu 100x100 MM ¢ nomagso apMaTypH Ha 1
M OJIUHBEL As =1539 MM2 ¥ B nponete ¢ gdyerkamu 200x200 mMm; A's =
769 MM2; oetoH Knacca B35; Rp =19,5 MIla; apmaTtypa knacca A500;
Rs =435 MHa; Rsc = 400 MITIla.

Tpebyemcsa omupepeuTb IIPOYHOCTb IIIUTHL IIOCJie  ITOoXKapa
onuTenbHoCcThIo 180 MuH.

Pacuer. CpepHsis pabodasi BBICOTAa B MeCTax IIepecedeHus
apMaTyphl CTEpPXKHEU nIpu a = a' = 54 MM B rtposiete hQ = 220-54 = 166
MM. [To puc. A2 npunoxeHnus A o nauTel BeicOTOM 200 MM HaxoOouM
TeMIlepaTypy nporpeBa OeToHa rayOmHOU 54 M 166 MM, KOTOPYIO
IpUHMMaeM 3a TeMIepaTypy apMaTtyphl ts = 495 °C u t's = 60 °C.
[To Tabn. 2.8 gna apMmatypsl kinacca A500 mpu 495 °C koapduimeHT
ycJioBUSI pabOTH apMaTyphl B OXJIaKIEeHHOM TI0OCJIe TTo¥Kapa COCTOSTHUU
B mmponeTe paBeH Yst =0,91 u y'st =1,0. PacueTHBIlI MOMEHT B IIPOJIETE
Mnp = 33,0 kH'M u Ha omnope - 61,5 kH-M. KoapdpunueHT ycnoBus
paboTsl 6eToHa yp = 0,9.

BricoTa cxkatoil 30HBEI IO (5.9) 0e3 ydeTa cxKaToOW apMaTyphl B
IIpoJieTe paBHA
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‘= 091435768
0,9-19,5-1000

=173< 2a =108 mm.

[IpOYHOCTh CEYEHUS B IIPOJIETE OmpeaenseM o Gopmye:

M = RgtAs(ho - 0,5x) = 0,91:435-769(166-0,5-17,3) = 47,8 kH-M > 33
KH-M.

[IpoBepsieM IPOYHOCTH OIOPHOTO ceyeHusi. PacyeTHBI MOMEHT Mon
= 61,5 kH-m. IIporpeB cixkaToii 30HBHI OeTOHA OO0 KPUTHUYECKOU
TeMIlepaTyphl OeToHa 1o puc. A2 nipunoxeHusd A - ar = 53 mMm. Pabouas
BbICOTa ceueHus hQt = hQ - a - at = 220-54-53 = 113 mmM.

BricoTa cxkKaTo# 30HHI 110 (5.9) 6e3 ydeTa czKaToOi apMaTypHl C y4eTOM
yb2 = 0,9 Ha omope paBHa

po BB e %0 =108 wu

©0.9-195+ 1000

Torga mpPOYHOCTH OMOPHOTO cedyeHus paBHa M = 435-1539(113 -
0,5-38) = 62,9-10° H-mm > 61,5kH M.

[IpOYHOCTE IIPOJIETHOTO U OIIOPHOTO CEYEHUH IIJIUTHI MEePEeKPBLITUS
II0cJjie CTAaHOapPTHOTO IToXKapa mIuTesibHOCThio 180 MuH obecliedeHa.
[Tnuta nuMeeT OOCTaTOYHYIO OTHECOXPaHHOCTbD u MOZKeT
9KCIITyaTUPOBAThCS IIOCIEe TIoXKapa 0e3 ycuneHus. I[loTpebyercs
TOJILKO PEMOHT 3aIIUTHOTO CJI0sI OeTOHA.

IIpumep 19. [JaHo. KonorHa npumepa 10, umewrolas Inpenesn
orHectoukocTtu R180 muH. Ycunusa ot pacuetHou Harpy3ku N = 11750
KH, M = 27,8 kH-M.

Tpebyemcsa onpenenuTh OTHECOXPAHHOCTH KOJIOHHHI ITOCJIE TOXKapa
onutenbHoCcThI0O 180 MmuH: Rp = 19,5 MIla; Ep = 34,5-103 MIla; Es
=2-10° MTIla.

Pacuer. [lpu OelcTBHM IIOCTOSHHBIX OJIUTEIBbHBIX HArpPy30K [OJId
apMmatypel KkKjacca ALBOO0 Rsec = Rs = 435 Mlla. PacuyeTtHoe
CONIpPOTUBJIeHNEe OeTOHa, CXKaTOro IIpU [OJIUTENIbHOM Harpys3ke,
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YyMHOXKaeM Ha KoapduuueHt ycmoBus pabotwl - 0,9 Rp = 19,5:0,9 =
17,55 MIla.

W3 puc. 5.23 BUOHO, YTO CTEPKHU IIPU MOXKape HarpeBajauchk oT 50
°C go 700 °C. Tonbko 4 cTtepxkHA uMeroT TeMmnepartypy 700 °C u 12
crepxHel - 480 °C. ITo Tabn. 2.8 B 0xJTaKOEeHHOM COCTOSTHHHU ITOCIIE
Harpesa g0 700 °C u 480 °C Ko3¢pPULMEHT yCIOBUS Ppab0OTHl apMaTypPhl
paBeH pst = 0,91 u 0,7. OcTtanbHble 9 CTepXKHEU C TeMIepaTypou
HarpeBa oT 50 go 480 °C umeroT yst = 1.

OKCLEHTPUCUTET IIPOLOJIbHOU CUJIBI 11O (5.35)

gy = E =00024 m=24 um
11750

OKCLEHTPUCUTET IIPOOOJIBHOU CHUJIBI He IIpPEeBHIIIaeT CIIy4YaWHBIU
9KCIEHTPUCUTET, MaKCHMaJllbHOe 3HadeHHe KOTOPOro COCTaBUJIIO
h/30=600/30 = 20 mM. KojmoHHa Ha OOHOU OIOpE HMEET XKECTKYIO
3afleIKy ¥ HaA OPYrou - momaTiauBylo 3amenky IQ = 0,71 = 0,7-3,9 =
2,75 M < 20ht = 20:0,5 = 10 M. I[Ipu DpomonbHON CHIIE CO CIIyYalHBIM
sKcueHTpucutetoM eo = 20 MM u npu l0 < 20ht pacyeTHOe ycumme
onpepnensieM u3 ycaoBus (5.29), B KOTOPOM KO3(hPUIIMEHT @ = @st =
0,93 (cM. Tabm. 5.2), Tak KaK OTHOILIEHHWE IIJIOIMAOU ITPOMEXKYTOYHBIX
CTepXKHeH K IIJIoIIagu BCeM apMaTyphl, AeJIeHHOM Ha TpHu, Oomnbiie 0,5

(cM. npumep 10).

[TpomgobHYIO CUITy KOJIOHHA ITOCTIe TToXKapa MOXKeT BHIIEPKaTh

N = 0,93[17,55-0,23-10% + 435(9-1018-1 + 12-1018-0,91 +
4-1018-0,70)] = 13113 > 11750 kH.

[IpOYHOCTh KOJIOHHBI TOCJIe IToXKapa OOobIle PacyeTHOTO YCHUIIUSA.
TakuM 00pa3oM OrHECOXPAHHOCTb KOJIOHHBI IIOCJIe  IToKapa
onuTenbHOCThI0O 180 MuH obecriedyeHa 6e3 KaKOTo-Iub0 yCUTIEHUS.

IIpumep 20. [aHo. IIpocTteHOK HOpuMepa 12, MMewLUUd Openesn
OTHECTOUKOCTH TIO IIOTepe Hecymleu crnocobHoctu R180; pacuerHas
Harpy3ka N = 8000 xH, M = 60,0 kH-M; Rp = 19,5 MIla; Rs = 435
MIla; Rsc = 400 MITa; Ep = 34,5-10° MIla; Es = 2 10° MITa; yb2 = 0,9.

Tpebyemcsi omIpemenuTh OTHECOXPAHHOCTb IIPOCTEHKA MOCIe
mmozkapa.
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Pacuyer. Bo BpeMs moxkapa OauTenbHOCTBIO 180 MUH IIPOCTEHOK
IIOOBEPrajics OOHOCTOPOHHEMY OTHEBOMY BO3[EMCTBUIO, IIPU 3TOM dt =
53 MM, ts = 460 °C, t's = 55 °C. Ilpu aTux TemmnepaTrypax Harpesa Yst =
0,92; y'st = 1,0 (rabmu. 2.8). IIpu tpm = 200 °C Bpt = 0,7.

Mopyns apMaTyphl Es Ipu HarpeBe B OXJIaXXKOAEHHOM COCTOSHUU He
W3MEHSEeTCs, Torga pa mo (5.4) paBHO

10179 2-10° +10179- 2-10°
a= ' =034
1394 247 34.510° 0.7

KecTKOCTh cedyeHUs IMpoCcTeHKa no (5.39) paBHa

187 - 60

.D=34,5-105-m,?-1394-24?3[ 0.125

40175034
2(0,3+015) [

2
]]=4,54-1013H-MM2_

YcnoBHas kputudeckas cuna 1o (5.37)

_ 3147454107
i 2730°

= 60050 xH.

Koaddurment yuera nporuba mo (5.36)
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1 60
n= ]-_W _1,15, gy = ﬁ = 0,00?5 M= ?,5 BID.

60050

[Tocne moxkapa B OXJIaXXOEHHOM COCTOSSHUM TIPpOTUO  OT
HEPaBHOMEPHOTO Harpesa He VUYUTHIBAIOT. Torma ooIuH
sKcueHTpucuret mo (5.34) paBen e = 7,5-1,15 + 0,5(187 - 60) = 71,1
MM.

MomMeHT OT pacueTHOU Harpy3ku paBeH M = Ne = 8000-0,0711 =
569 kH-M.

BricoTa cxkaTou 30HHI 110 (5.32) mosy4yunach OOJbIle TPAaHUYHOU &
> R, TIO9TOMY OIpedesieM BBICOTY CxKaTOU 30HH O (5.33) nipu &R >
0,493 (cM. Tabu. 5.1)

__ Booo: 10° +435:0,92: 101791+ 0,493)(1-0,493) - 40010179

=133 mm
195059 1384+ 2-435- 052 1017",91’18?[1 - 0,493)

[locne cTaHOaApTHOTO IOXKapa OIUTEeNbHOCThI0O 180 MUH IIPOYHOCTH
IMpocTeHKa 1o (5.31) paBHa

M =19,5-0,9-1394-133 (187 - 0,5-133)+400-10179 (187 - 60) = 907
KH-Mm >569 kH-Mm.

VcnoBue (5.31) cobGmomeHO M MPOCTEHOK TMOCJie CTaHOapPTHOTO
rmoxapa OJIINTEIBHOCTBIO 180 MUH umeer OOCTaTOYHYIO
OTHEeCOXPaHHOCTL. [IpocTeHOK 0e3 yCHIeHUs MOXKeT B HaJlbHeHIIeM
9KCIJIyaTUPOBATHCS IIOCJIE PEMOHTA 3allIMTHOTO CJI0sd OeTOHa.

Pacyem wupuHbl packpbimus mpeu,uH noc/e noxcapa

7.5. Ilocne II02Kapa OT OI'HeBOI'o BO3IOENCTBUS B U3IrnOaeMbIX
KeJjie300eTOHHBLIX 3JJIEMEHTaxX B paCTHHYTOﬁ 30HE YXKe€ HMEIOTCA
HOPMaAJIbHBIE TPEIIWHEI, ITIO3TOMY OIIpenesIeHrne MOMEHTa O6p8.30BaHI/I$I
TPEeIIruH He IIPOBOOMAT. Bo BpeMsa OrrHEBOI'O BO3[IE€UCTBUSA IIPOYHOCTD
U MOOYJIb YIIPYIOCTH 0eToHa CHU3UIIHUCL U Pa3BUIINCH )Ie(l)OpMaL[I/II/I
TeMHepaTypHoﬁ yYCalKHu 0eToHa, KOTOPpPHEIE IIOCJIE OXJIaKIOEHHUsI He
BOCCTaHABJIMBAIOTCSI.
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HpOBepKy IIMPUHBI PACKPLBITHA TPEIIIMH B XKeJie300eTOHHBIX
3JIEeMEeHTaX ITIOCJIe II02KadpPa ITPOBOOMAT II0 OEeMCTBUTEIBHBIM CEYEHUSIM II0

dbopmyne

@ = ﬂﬂi‘ {
(24 {H% E 5 57

5

(7.1)

rome @1 - Ko03(pOUIMEHT, YYUTHIBAIOIINUN MIPONOIKUTEIbHOCTh
meucTBUsa Harpysky; @1 = 1,0 - Ipu HEeIpOHmOJIZKUTEJIbHOM [OEUCTBUU
Harpys3ku; @1 = 1,4 - IIpu IPOOOJIKUTENBHOM; @2 - KO3DHUIIMEHT,
VUYUTHIBAIOIIMM NOpO(UIb OPOJONBbHOM apMaTyphs; @2 = 0,5 - gnsa
apMaTypel Ilepuogmdeckoro mnpodwuns; @2 = 0,8 - pgnda riaagkou
apMaTypHL.

7.6. 3HaueHue KoadduiMeHTa Ys OIS UITUOAIOIINUX 3JIEMEHTOB
OOIyCKaeTcs oIpenesnsaTsh 1mo gopmyrne (7.2) 6e3 ydeTta apMaTyphl, HO
He MeHee 0,2

1- R&!,Jfr,tb';zz
6M
(7.2)

E,lr-"';=

[IpouHocTs OeTOHa Ha pacTsax)XeHUe Rptser,t ONPEmensiioT II0
dopmyne (2.3), npunHuMas kKoapduumeHT Vit 1Mo Tabn. 2.2 10
TeMIlepaType 0eToHa Ha YPOBHE PaCTIHYTOM apMaTyphl. [JomyckaeTcs
KO9(Q(PUIMEeHT ys IpUHUMAaTh paBHBEIM 1.
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Puc. 7.1. CxeMa HanpsaKeHUu u gedopmannii B CEUeHUU C TPEUIUHOU
IIpu OeucTBUU ulrubalomiero MoMeHnTa (a, 6), n3rubaiwIlnero MOMeHTa

U IIPOAOJIbHOU CHUJIHI (8)

1 - IEHTP TAXKEeCTU IPHUBEJEeHHOI'0 CeYeHud

£ 10,80
0,94

= 1 e

0,90

¥

0,86
0,54
52
0,50

6 = h'flho; onsa cedenun 0e3 cxartou nonku 6 = 2a'/ho

AE [ -]+ o A

s

X =— =
i bh,E ! bh,

ored' 2
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Puc. 7.2. KoapdunueHnt ( = zs/hp o onpeneneHus mjedya BHyTPEHHEN
Taphl CUJT

7.7. HampsikeHuss B pacTaHyTOM apMmartype 2s (pumc. 7.1)
OIpenesisdioT 1o popMyJie

M
a, =—,
zjﬂ.‘

(7.3)

roe Zzs - IUIed0 BHYTPEHHEW Iaphel CUj, paBHoe zs = Ch(Q, a
KO3hGuIueHT {, onpenenseTcs o rpaduKky puc. 7.2 B 3aBUCUMOCTH OT
pas1:

A E R&,Jer,:r )

?[’{ ﬂ H &Iﬂ E : E&,red,:r c : R&I,ser,:r

B ved.t B red - 110 Tabmn. 2.1; eb1,red - 10 TAOMI.
8.1 B 3aBUCHMOCTM OT HaAWMEHbIIEN TeMIlepaTyphbl CXKaTOu 30HBI
OeToHa.

[Tpu pedicTBuM wu3rubaroIilero MoOMeHTa M U CXUMaloIlen
NpoaonIbHOM cuiabl N B 93JIeMeHTax IIPSIMOYTOJIbHOTO Ce4YeHUus
HalpsiXeHNe Os B PaCTAHYTOU apMaType OOMNyCKaeTCs ONpenensaTh I10

dbopmyne

= Y 2yl
= Ve
Ay
(7.4)
m PazxeleHe peknaMesl B J0KMEeHTaX M Ha caifre
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PaccTossHue ot IOeHTpPa TAXKeCTHu paCTHHYTOfI apMaTyphel OO TOYKH

MIPUJIOXKEHUS IIPOOOJIbHOU cuibl N paBHO

KoabduumeHT @crc onpenensercs o tabmn. 7.1.

Taonuma 7.1

KoaddumnueHTH Qcre

npu A's = As ¥ 3HAaUEHHUAX 101,

npuA's = 0 ¥ 3HaYEeHUIX

e/hO PaBHBIX N&s1, PaBHBIX
0,01 | 0,05 | 0,10 | 0,20 |=0,40| 0,01 | 0,05 | 0,10 | 0,20 |[=0,40
=0,8 0,01 | 0,06 | 0,07 | 0,08 | 0,08 | 0,01 | 0,06 | 0,10 | 0,20 | 0,18
1,0 0,13 | 0,20 | 0,23 | 0,25 | 0,26 | 0,13 | 0,20 | 0,26 | 0,31 | 0,36
1,2 0,25 033 037 | 0,39 | 0,40 | 0,25 | 0,33 |0,38| 0,43 | 0,49
1,5 0,42 | 0,48 | 0,52 | 0,54 | 0,55 | 0,42 { 0,48 | 0,53 | 0,58 | 0,64
2,0 0,56 | 0,63 | 0,66 | 0,68 | 0,69 | 0,56 | 0,63 | 0,67 | 0,72 | 0,78
3,0 0,73 1079 082 | 0,84 085 |0,73 (0,79 0,82 0,88 {0,936
4,0 0,80 | 0,86 | 0,90 | 0,93 | 0,93 | 0,80 | 0,86 | 0,91 | 0,96 | 1,01
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AZ,

.'“Et::?-l = .
IlpumMedyaHnue. P E, e ITpu 0 < A's < As KOopPUIIUEHTH Qcre

ONIpeNeNsATCA TNHENHON UHTEPIIOJISALIUEN.

7.8. PaccTossHUE MeXAy TpellnHaMu s OIpefesnsaioT 110 pe3yabTaTaM
H3MEPEeHUsT IIPU HATypHOM OCBUOETEIbCTBOBAHUM KOHCTPYKIIUY,
IIOBPEXKIOEHHEBIX ITI0KapoM, UJIN PacueToM

) =05,
A

(7.6)

1 npuHUMaloT He MeHee 10ds u 100 MM u He 60nee 40ds u 400 MM fIs
sneMeHTOB ¢ h < 1000 mM. 3gech Apt - IIoLIagb CEYEeHUsI PaCTIHYTOT O
0eToHa;

As - TITIOIIaab CeYeHUsI pacTAHYTOM apMaTypPhl;
ds - HOMUHa/IbHBIN JUaMeTp apMaTypHL.

3HayeHUuss Apt BBYMHCIIAIOT TIPU BBICOTE PACTSIHYTOM 30HEI
IIPUBEOEHHOI 0 CEeYEHUS 3JIEMEHTa, OIIpenensieMou o hopMyJie

y =
Vitk,
(7.7)

rIoe yt - BEICOTAa PacTIHYTOM 30HHI OeTOHA, ompefesiseMas KaK OJis
yIIPyroro MaTepuasna Ipu Kod3hGUIIMEeHTe NpUBeOeHUs apMaTyphl K
0eToHY

a =
Es/Ebt;
(7.8)

Ept - ompegensieM mo Tabn. 2.3 u ¢opmyne (2.5), B KoTopou PBb
IIPUHUMAIOT 0 Tabn. 2.2 B 3aBUCUMOCTH OT TeEMIepaTyphl OeTOHa B
IIEHTPE CEYEeHUS IJIEMEHTA;
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k - monpaBouHEIN KO3dgdunueHT, paBHBIU 0,90 O MpsAMOYTOIbHBIX
Ce4YeHUU ¥ TaBPOBEIX CEUYEHUU C IIOJIKOU B cxkaTou 30He; 0,95 - mnsa
OBYTaBPOBHIX (KOpoOYaThIX) CEYEHUM U TaBPOBHIX C TIIOJIKOM B

PacTSAHYyTOU 30HE.
3HayeHUe Yt TPUHUMAIOT PABHBIM:

OJIsA n3rudaeMbIX 39JIeMEeHTOB

Sred/Ared;

OJIdd BHELIEHTPEHHO C2XKAThIX 3JIEMEHTOB

raoe Rpt,sert - CM. (7.2).
CraTuyeckKkuu MOMEHT IIOJIHOTO
OTHOCHUTEJIPHO PaCTSIHYTOU I'PaHUu

(Xslsc.

CraTuyeckKkuu MOMEHT OeTOHHOTO
pPacTaHyTOU I'paHuU

A-0,5h.

yt
(7.9)

Sm:z‘

"qrea‘ + MH&ME&I
(7.10)

Vi

IIPUBEOEHHOI' O Ceé4deHHuia

Sred = Sb + (XSS +
(7.11)

CeédeHuda OTHOCHTEJIbLHO

Sp =

(7.12)

CTaTUu4yeCcKuil MOMEHT COOTBETCTBEHHO PacTAHYTOU U CKaTOU
apMaTyphl OTHOCUTEJIPHO PaCTSIHYTOU I'PaHUu

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Ss =

Aa;
(7.13)
Ssc = A(ho -

a'.
(7.14)

[Tnomansb IIPUBEOEHHOT' O IIOITIEPEYHOT0 CeYeHUd PaBHA

Ared =A + aAs +
(lAsc.
(7.15)

[Tpu omipenenieHuH IJIOMIagu PAacTAHYTOM 30HbE 6eTOHa Abt 3HAYEHUE
BBICOTHI Yt IPUHUMAETCS He MeHee 2a u He Gonee 0,5h.

7.9. [ledpopmanuu OGeToHa, BHI3BAaHHBIE TEMIIEPATyYPHOM yCamKOU BO
BpPEMS OTHEBOT'O BO3AENCTBUSA IIPU ITOXKAape, B OXJIaXKAEHHOM COCTOSTHUM
0eToHa 1ocJiie moXxapa OnpenensioT Mo GpopmyJie

Ecs =
Qcstb,

(7.10)
rme Ocs - Ko3ppuuueHT TeMIlepaTypHOM ycagkKu OeToHa,

ITPUHUMAEMBIH 110 Tabn. 2.5 B 3aBUCUMOCTH OT TEMIIEPATYypPHl OeToHa th
Ha YPOBHE apMaTyphl BO BpeMs IToxKapa.

7.10. Ecnu QakTU4YeCKOe paCKpPLITHE TPEUIMH II0oCJie IoxXKapa
[IPEBHBIIIAET AONYCTUMbIE 3HAYEHUS, HO He MIPEISITCTBYEeT HOPMaJIbHOU
SKCIIyaTalluu  30aHUsA  UJIM  COOPYXKEeHUs, [OOIyCKaeTcsa  He
IIpeaycMaTpUBaTh yCUIEHUE KOHCTPYKIIMYU MO0 CHUXKEHNEe Harpy3KH.

Pacuem npoezuba nocse nosxcapa

7.11. Bo BpeMsi moxkapa B u3rnOaeMbIX, BHEI[EHTPEHHO CXKAThIX U
BHEIIEHTPEHHO PaCTSIHYTHIX 3JIeMeHTaX TIIPU 9KCIUTyaTalMOHHOMU
Harpy3ke OT OTHEeBOTO BO3IOEMNCTBUS IIPOHUCXOOUT  Pa3BUTHUE
OOTIOJIHUTEIBHOTO IIporuba M3-3a 3HaYUTEJILHOTO HarpeBa pPacTSHYTOU
apMaTyphl U Ilepelaga TeMIIepaTyphl II0 BLICOTE CEUYEHU .

[Ipu TeMmmepaType HarpeBa apMmarypbl mno 350 °C mnporub
JKeyie300€eTOHHOTO 3JIeMeHTa pa3BUBAeTCd B OCHOBHOM 3a CUeT

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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TEMIEPATYPHOTO pacIIUpeHuss apMaTypel U OeToHa Yy Oonee
HarpeBaeMoU MOBEPXHOCTH.

[Tpu 6oJiee BBICOKMX TeMIlepaTypax OTHEBOTO BO3OEUCTBUS TPOTUO
pa3BHUBaeTCI B OCHOBHOM WH3-3a BBLICOKOTEMIIEPATYPHOM IIOJI3Y4YECTH
apMaTypHl.

[Tpu moxkape nmporub COCTOUT U3 Iporuda OT BO3AEUCTBUS HAarpy3KHU
1 riporuba OT BO3OENCTBUS TEMIIEPATYPHI.

[Tocne TmoXapa, B OXJIaXXOEHHOM COCTOSHUMU, TIpPorud OT
HEpPaBHOMEPHOTO  Harpesa II0  BHICOTE CEYEHHsI  OdJIeMeHTa
YMEHBIIIAeTCsI, ¥ OCTaBHIAsSIC dYacTb mnOporuba OT Harpy3KH
3HAYUTENbHO OoJblle, YeM Oporu® OT Harpy3KH MO0 IloKapa Hu3-3a
CHUXXEHUSI MOMYJs YIOPYrocTu OeTOHAa ¥ PAa3BUTUS IJIACTUUYECKUX
nedopmaruii apMaTyphl IIPU Harpese.

HpI/I OCTBEIBAHHUHU IIOCJIe IIo2Kapa IIPOYHOCTHEIE u
YIIPYTOIINIaCTUYEeCKHue CBOMCTBA OeToHa IIPaKTU4YEeCKH HEe
BOCCTaHaABJIUBAIOTCS, a B apMaTtype IIPOUCXOOUT YaCTHUYHOE
BOCCTaHOBJIEHHE IIPDOYHOCTH U ITOJIHOE BOCCTAHOBJIEHHE YIIPYT'OCTH.

4}
= Ey B g £
a=8E g

= Eon Fred

Puc. 7.3. CxeMa HanpsaxkeHu U gedopMaliiii B IPUBEIEHHOM
IIOTIEPEYHOM CEeYEeHHUH 3JIEMEHTa C TPeIlMHaMU IPU pacdeTe I10
nedopMalusaM IIPU OeiCcTBUM u3rudaroIilero MoMeHTa (a),
n3rubarnInero MOMeHTa U IIPOI0JIbHOM CUJITHI (6)

1 - DEeHTP TSAXKECTHU IIPUBEOEHHOI'0 CeYeHUs

7.12. Tlocme moxXKapa Xejle300eTOHHBIE 3JIEMEHTHl B PACTSHYTOHU
30He HMEIOT TpPEINWHBI C HarpeBaeMOM CTOPOHBI II0 BCeW [OJIWHE
npoineta (puc. 7.3).
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Iist n3rudaeMbIxX JJIEMEHTOB, UMEIOIUX ITOCTOAHHYIO BBICOTY IIO
OJINHE 3JIEMEHTa, B IIpefgejlaX KOTOPOTro u3rudaeMblii MOMEHT He
MeHsAeT 3HdK, KPDUBU3HY OOIIYCKAE€TCA BbIYUCIIATE OJIA HauboJjiee
HaIIPA2KEeHHOT'0 CeYeHUud, IIPUHUMad €€ OJIsd OCTAaJIbHBIX CeYyeHuu
W3MEHSIOIIEenCs IIPOIIOPIIMOHAJIBHO 3HAYEHHWIO n3rudaeMoro MOMeHTa.

II7151 cBOOOMHO OIMEePTHIX ¥ KOHCOJIBHBIX 9JIEMEHTOB MaKCHUMaJTbHBIHN
TpoTrud [OITyCKaeTCsl OMpenessTh 1o ¢hopmyiie

f= SI2 (1/r)max,
(7.17)

rge S - KoagpuimeHT, 3aBUCSAIINN OT BUa Harpy3KU U OT PaCUYeTHOU
CXEeMHI 3JIeMeHTa, IPUHUMaEMbIH 1Mo Tab. 7.2.

Tabnuna 7.2
CxeMa 3arpyKeHus Koadoumuent CxeMa 3arpyxeHus Koaddpumuent
CcBOOOIHO OIEePTOi GaIKu S KOHCOJIH S
NEEENERENRNRRANANRNY 5 - 1
AT I

"%' ! 48 ! 4
!

=

=
ANAA L
_—

”{'w wé 12 f

1 ¥ e -

Tﬁjf ? : o [-2)

IMpumeuyanue. [IpU 3arpykeHUU 3JIeMeHTa Cpa3y I10 HECKOIbKUM
cxemaM S = XSiM;j/ZMj, roe Si u Mj - COOTBETCTBEHHO KO3(PPUIIMEHT
S u MoMeHT M B cepenuHe IIpojieTa OalKu WKW 3ajieliKke KOHCOJIN OJIs

_L.nm_‘e_.

]

Ll
ﬂ“'\.l
F—

e

=
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KaxXJo1 CXEeMBEI 3arpyxkKeHnmusd. B saToMm CJIy4da€ KPHUBH3HA

)
[?’ w. OTIPEOENIAeTC IIPU 3HaYeHUuu M, paBHOM 2M;.

I71s1 u3rubaeMbIX 37IEMEHTOB C 3allleMJIEHHBIMU OIIOpaMu IPorud B
cepenuHe IIPoJieTa MOXKET ONPeNensiThCS 1o ¢hopMyie

AL LS
r raps A7 )amps ]
(7.18)

1

[1] [1
rme - v Jwe \7Jeps |7 Japr kpuBH3HA coOOTBeTCTBEHHO B cepenuHe

IIpoJIeTa, Ha JIEBOM M IIPaBOM OIOpPax;

S - ko3dpdunueHT, onpenensaeMblit Mo Tabs. 7.2 Kak [OJiT CBOOOMHO
omepTou OaiKH.

7.13. KpuBusHy u3ruOaemMblX, BHEIEHTPEHHO CXAaThIX U
BHEIIEHTPEHHO PACTSIHYTHIX 3JIEMEHTOB C TPeIlWHaMH B PACTSIHYTOM
30HE OIIPEeNeNsioT

(1/r)max = (1/r)1 - (1/r)2 + (1/1)3 -
(1/r)cs, (7.19)

roge (1/r)1 - KpuBH3HaA OT HENPOMOJIKUTEJIbHOTO [OENCTBUS BCEU
Harpy3KH, Ha KOTOPYIO IIPOU3BOAAT pacUdeT mo medopMmaliumsaMm;

(1/r)2 - KpUBH3HA OT HEIIPOOOIKUTEIbHOTO OEeUCTBUS IOCTOSTHHBIX U
BPEMEHHBIX OJINTEJIbHBIX Harpy30K;

(1/r)3 - KpuBHU3HA OT MHPOOOIKUTENBHOIO OENUCTBUS HOCTOSHHBIX U
BPEMEHHBIX OJINTEJIbHBIX Harpy30K;

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe

Ten.: +7 (495) 506-71-51, +7 (495) 506-78-57, 160



Baza HOpMaTUBHOU OOKyMeHTaluu: www.complexdoc.ru

(1/r)cs - KpuBU3HA OT TEMIIEPATyPHOI ycagKu OeTOoHa.

7.14. KpuBu3Hy [OpPUBEOEeHHOTr0 HU3rubaeMoro 3JieMeHTa C
TpellMHaMHU B PaCTAHYTOU 30HE OIIpPenessioT 1o GpopMyJie

1 M

r Ea, re.:i,!f red

]

(7.20)
roe Ep,red,t - mo (7.30).

MomMeHT wuHepuUuUu Ired TPUBEOEHHOTO TIONEPEYHOTO CEeYEeHUS
3JIeMeHTa OTHOCUTEIbHO €r0 ILeHTpa TSAXKECTH ONpefessiT IIo
dopmyne (7.21) c yueTOM IJIOIAAM CXKATOM 30HHI, MJIOMIAAeN CeUeHUs
CcXKaTOU apMaTypel C KO3(Q(PHUIIMEHTOM MpUBEOEHHUS apMaTyphl K
0eTOHY Os1, U PACTSHYTOM apMaTyphl ¢ KO3(puilmeHToOM IpUBEeHUS
apMaTyphsl K OETOHY (52

Ired = Ip + I'pas1 +

Ib(XsZ.
(7.21)

MomMeHT HHepnoun  IIJIoagu CcedeHuid C2KaToro OeToHa Ip
OoIipenesidanT

a) Ipu OeNCTBUM TOJIBKO U3rubaemMoro MoMeHTa M:
IJIsI 3JIEMEHTOB MPSIMOYTOJILHOTO IOIIEPEYHOT0 CeYeHUs

Ip =
me3/3;
(7.22)

OJiS 93JIEMEHTOB TaBPOBOTO CO CXKaATOM TIOJIKOW ¥ [OBYyTaBPOBOTO
IIONIEePEeYHBIX CEeYEHHUM C HYJIEeBOM JIMHHEMN, PACIOIOXKEeHHONW B pebpe
HUXKE CXKaTOH MOJKU (xm > h'ft) mo popmyie

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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2

Iy =1y +f.:;f =

)

! 3
J.E?:,Xi +(E’ﬁ_b:)}’ﬁ 1+12 x_:w_[:]ﬂ
3 2 T
(7.23)

0) mnpu [OelcTBUM H3IruOaloIero MoMeHTa M W IIPOOOJIbHOM
CKUMaAIOIIEN UM pacTATruBaIneu Cuiabl N:

OJIs1 3JIEMEHTOB IIPSIMOYTOJIBHOTO IIOIIePEYHOT0 CeUeHUs 110 GopMyIie

b :
=2 f1+qg) 205 |
& 3 x, : :

(7.24)

IOJIs1 93JIEMEHTOB TaBPOBOI'O CO CXaTOU IIOJIKOM U [OBYTaBPOBOI'O
TIONIEePEeYHBIX CEeYEeHUM C HYJIEeBOM JIMHHEM, PACIOIOXKEeHHOM B pebpe
HUXKe CXKATOH IOJIKHU (xm > h'ft), mo popmye

; i Y% :
fa=’-z;'rxm 1+12[-}?_m_|:|,5] +M 1+12 y—i’“—ﬂ,ﬁ .
3 xm 12 'Ezﬁ

(7.25)

B Tex cnydasx korgma B ¢gopmynax (7.23) u (7.25) BBICOTa CXKaTOU
30HHI Xm < h'ft, MOMEHT MHEPLKH [p BEIYUCIIAIOT 10 popmynam (7.22) u
(7.24) KaK [ IpsiMOYTOJIBHOI'O CeYeHusi, IpuHumMas bt = b'ft.

MoMeHTH HHEPLUM IIOIafell CedYeHUs pPacTIHYTOU [s U CKATOu
apMaTypel I's OTHOCHUTENIBHO IIeHTpa TSAXKECTH MPUBEOEeHHOIO
IIOIIEPEYHOIr0 CeYEeHUS ONpPenensioT 110 GopMyiam:

162
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5 Is = As(ho -
Vem)©;
(7.26)
I's = A's(yem -
a')z.
(7.27)

3HaYeHUEe Ycm, PAaBHOE PACCTOSTHUIO OT HauboJiee CKaToTro BOJIOKHA
0eToHa [0 IIeHTPa TSIXKECTH NPUBEIEHHOI'0 IIOIIePeYHOro ceueHus 6e3
ydyeTa OeTOHA PACTSIHYTOM 30HBI [JIS U3TUOAeMBIX 3JIEMEHTOB, PABHO
Xm - CpemHel BBLICOTE CXKaTOM 30HHI 0€TOHA, YYMUTHIBAIOIIEN BIUSHUE
paboTH pacTAHYTOr0 OeTOHA MeXAY TPeIIMHAMU, OHpemesisieMoi II0
dbopmymne (7.31).

7.15. 3HaveHuss Ko3(pPUIIMEHTOB IIPUBEAEHUS apMaTyphl K OEeTOHY
IIPUHUMAIOT PaBHBIMU [IJIS1 CKAaTOM apMaTypHhl

Eﬁ
B red b
(7.28)
IJIs1 PaCTAHYTOU apMaTyphL
= ES .
&y = g :
W; & ored
(7.29)
m PaszMeleHde peknatsl B JOKyHMeHTas M Ha cailTe
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R

_ Crhonent
Ea,mi,z T .
E3Lred

(7.30)
roe Rbtser,t - mo Tabn. 2.1 u mo ¢dopmymne (2.3), B KOTOPOH Vbt
MIPUHUMAIOT 1o Tabn. 2.2, €p]l - mo Tabn. 8.1 B 3aBUCUMOCTU OT

HaWMEeHbIIIeH TeMIlepaTyphl OeTOHA CXKAaTOM 30HHI.

3HaueHne KoaddunmueHTa s 045 uIrnbaeMbIx 3JIEeMEeHTOB
OOIIyCKaeTCs OIpeaensaTs o popmyne (7.2).

7.16. [Ins1 TPSMOYTOJIBHBIX, TABPOBBIX M [OBYTaBPOBBIX CEYEHUU
CPEenHIOI0 BLICOTY CXKATOU 30HHI OIIPEHeSoT 10 ¢hopMyie

il !

h
X ='k[l:r 22+2 f‘f"rjalﬂ-'-.'{"r;&l:li-'-"{'{}i “Z|
1

iy

E-]

(7.31)

£= )['{Jalﬂ * )E"r;&l:l +-'{'{}?
(7.32)

roge

; .-{"r;r’ = (’5.;? _E}I)h.fﬁ.

bt'kﬂt

A . '
L
bthﬂt b!"sgﬂt

Hy =

7.17. Onss u3rubaeMbIX 3JIEMEHTOB MPSIMOYTOJILHOTO, TaBPOBOTO U
OBYTAaBPOBOI'O CeYEHMUM, SKCIIyaTUPyeMBIX MPU BJIaXKHOCTH BO3OyXa

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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OKpyzxKaroleu cpensl Bollle 40 %, KpUBU3HY Ha y4aCTKaxX C TpelluHaMu
OOIyCKaeTCs ONpenesaTh 1o ¢popMyie

l _ M- ‘?‘?zbr’zgfﬂar,m,z

r BE AN,
(7.33)

2

rme @1 - cM. Tabn. 7.3; @2 - cM. Tabn. 7.4;

Rbtsert - cMm. (2.3), Tabn. 2.2, B KOTOPOH Ptt IPUHUMAIOT IIO
TeMIepaType PacTSIHYTOM apMaTypHI.

Taoauma 7.3

KoadduinenTs! @1 npu 3Ha4eHUAX 10s]1, PABHBIX

u'f
<0,07| 0,10 [ 0,15 | 0,20 0,30 | 0,40 | 0,50 | 0,60 | 0,70 | 0,80 | 0,90 | 1,00

0,0 0,60 10,55(0,49(0,45|0,38|0,34(0,30|0,27(0,25|0,23]0,22] 0,20

0,2 0,69 10,65(0,59(0,55|0,48]0,43|0,39|0,36 0,33|0,31|0,29] 0,27

0,4 0,73 10,69(0,65(0,61]0,55|0,50|0,46|0,42|0,40|0,37|0,35| 0,33

0,6 0,75 {0,720,68|0,65|0,59|0,55|0,51|0,47(0,45|0,42|0,40| 0,38

0,8 0,76 {0,74 0,71 (0,690,621 0,58 |0,54|0,51(0,48 (0,46 |0,44 | 0,42

1,0 0,77 {0,75(0,72(0,70|0,65| 0,61 0,57 0,54 0,52 |0,49| 0,47 | 0,45

1,2 0,78 {0,76 (0,73 |0,71|0,68| 0,64 |0,60| 0,57 (0,56 |0,51|0,50| 0,48
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r

Hit, =—= {br_b““+‘q‘:cu
d - 14 St = )
bahllla bahﬂa bahllla
Ta0onuna 7.4
KoaddummeHTH KoaddumuenTs: ¢ 2 npu 3HaUeHUIX [as], PABHBIX
=<0,07|0,07/0,10,2| 04 |0,6)|0,8|<0,07(0,07{0,1(0,2({0,4| 0,6 |0,8
wo|owr
-0,11-0,2|-0,4|-0,6 |-0,8|-1,0 -1,0/-0,2-0,4(-0,6|-0,8 |-1,0
HemnpopmonxuTesbHOE OeNCTBUE HAarpy30K ITpomonXKuUTENbHOE IeNCTBUE
Harpy3o0K
0,0 0,0 0,16 |0,16(0,16|0,17|0,17 (0,17|0,17| 0,15 |0,14(0,14/0,13{0,13|0,12 (0,12
0,0 0,2 0,20 |0,20(0,20]0,21|0,22(0,23|0,23| 0,18 |0,18|0,18|0,17(0,17|0,17 (0,16
0,0 0,4 0,22 10,23(0,23]0,24|0,26 (0,27|0,28( 0,21 (0,21|0,21|0,21(0,21|0,20 (0,20
0,0 0,6 0,24 10,25(0,25]0,27(0,29(0,31|0,32| 0,23 {0,23|0,23|0,23(0,24|0,24 (0,24
0,0 0,8 0,25 |0,26(0,27]0,29( 0,32 (0,34|0,36( 0,24 (0,24]0,25|0,25(0,26| 0,27 (0,27
0,0 1,0 0,26 |0,27(0,28]0,30(0,34(0,37|0,39( 0,25 (0,26|0,26|0,27(0,28| 0,29 (0,30
0,0 1,2 0,27 10,28(0,29|0,31|0,36 (0,40|0,42| 0,26 |0,27(0,27|0,29(0,30| 0,31 0,33
0,2 0,0 0,24 10,23(0,23]0,22( 0,21 (0,21|0,20( 0,20 |0,21]0,20|0,18(0,16|0,15 (0,14
0,4 0,0 - 0,31]0,29(0,27]| 0,26 |0,25(0,24| - ]0,27(0,26(0,22|0,19(0,18 (0,17
0,6 0,0 - 0,38|0,36(0,33|0,30/0,28(0,27| - 0,34|0,31(0,27|0,23(0,20(0,19
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0,8 0,0 - - 10,43(0,38(.0,35|0,32(0,30 - - 10,37(0,31|0,26|0,23.{0,21
1,0 0,0 - - 10,50(0,44|0,3910,36(0,30 - - 10,44(0,36|0,30| 0,26 (0,23
1,2 0,0 - - 10,57(0,50|0,430,38(0,30 - - 10,51(0,41|0,34|0,29 (0,25
0,2 0,2 0,29 (0,28(0,28(0,28|0,27(0,27(0,27| 0,27 |0,14|0,25|0,23|0,21|0,2010,19
0,4 0,4 - 0,41/0,40/|0,39|0,3910,38(0,38 - 0,26/0,36(0,33(0,31(0,29]0,28
0,6 0,6 - - 10,53(0,52|0,5110,50(0,49 - 0,38/0,48(0,44(0,41(0,3810,37
0,8 0,8 - - 10,66|0,64|0,6310,62(0,61 - - 10,61(0,56|0,51|0,48 (0,46
1,0 1,0 - - - 10,77|0,75(0,7910,73 - - - 10,68(0,63|0,59 (0,50
1,2 1,2 - - - - 10,9010,96(0,85 - - - - 10,75(0,7010,54
M, =biﬂ:ﬂ, = r‘b; _b‘)h:“ + A M, = [b’“ _b*llhﬂ
s bR, bh, bh

7.18. KpuBuU3HY BHEILIEHTPEHHO CXKaTbIX 3JIEMEHTOB, a TaKXe
BHEIIEHTPEHHO PACTSAHYTHIX 3JIEMEHTOB MIPHU IIPUIOXKEHUU CUNTbl N BHE
paccTosTHUSA MexXKAOy apMaTypaMu S u S' Ha ydacTKax C TpelluHaMu B
PacTaHYTOU 30HE OIpPenessaioT o GopMyJie

®

PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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roe Sred - CTaTUYECKHMM MOMEHT MNPUBEOEHHOTO0 CeYeHUS
OTHOCUTENBHO HEUTPAIBbHOM OCHU, BEIYUCIISIETCS IO (hopMyJie

Sred = Sp + as1S's0 -
as2S50;
(7.35)

Sp, S'sO u SsO - cTaTUYECKUU MOMEHT COOTBETCTBEHHO CXKATOM 30HEI
0eToHa, C2KaTOM M PACTSIHYTOM apMaTypPhl OTHOCUTEIbHO HeUTpPaIbHOM
ocuy,;

asl ¥ as? - KoohPUuimeHTH IPUBEOEHUS OIS CXKAaTOW M PacTIHYTOMU
apMaTypHl, oIpenessseMbie 1o 1. 7.15;

Eb,red,t - cM. popmyiy (7.30).

B dopmyne (7.34) 3HaK «IIIOC» IIPUHUMAETCS OJIS BHEILIEHTPEHHO
CXKaThIX 39JIEMEHTOB, 3HAK «MHHYC» - OJIsI BHEIEHTPEHHO PaCTSIHYTHIX
9JIEMEHTOB, TOCKOJIBKY [OJII O9THUX 93JIEMEHTOB 3HaudeHue Sred,
BRIYUCJIEHHOE 110 popmyie (7.35), Bcerma MeHbIIIe HYIs.

BBICOTY C2KaTOW 30HBI BHEIIEHTPEHHO HAI'PYZXKEHHBIX J3JIEMEHTOB
OIIpenesIdoT U3 PellleHnsd YPaBHEHU A

!
g—hy tx=rL

red

(7.36)

rae Ired - MOMEHT WHEPIUU NPUBEIEHHOTO CEYEHUS OTHOCHUTEIHBHO
HEUTpPaJIbHOU OCH, PABHBIA

Ired = Ipo + as1l's0 +

as21s0,
(7.37)

Ip0, I'sO, Is0 - MOMEHT HHEPIUU COOTBETCTBEHHO CXKAaTOW 30HHI
0eToHa, C2XKaTOM M pPacCTAHYTOM apMaTyphl OTHOCUTENbHO HEUTPaJIbHOMN
OCH.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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7151 TpAMOYTOJILHOTO CeueHUus ypaBHeHUe (7.36) IpuHUMaeT BU[

&

£ +3[E 1]& +6 [i —1](;):5&52 + pia )+ (e, + ey d)|é -

(7.38)

2

by —1

—6 Ly Ciya +[ ]I:,{,lj{l'ﬂ +.»'['{.:&'515f) =10,

roe

x A ) ' Coa
§=_; .'{'{_1=_5.: .'{'{5=i;'§=_-
kﬂ E;':rkﬂt "-E;':rkl]:r '&D:r

[Ins BHELIEHTPEHHO PAacCTAHYTHIX JJIEMEHTOB 3HayeHUue e B
ypaBHeHUuAX (7.36) u (7.38) momcTaBiisgieTCsa CO 3HAKOM «MHUHYC».

7.19. KpuBu3HYy 95JIeMeHTa IIpU OCTBIBAHUU OT TeMIlepaTypHOU
ycaIKd HepaBHOMEPHO Harpetoro ©OeToHa BO BpeMs IIoxkKapa
onpepensioT no GopMye

(1/r)cs = (aesithl -
Ocstp)/ht,
(7.39)

rae Ocsl ¥ Oc¢s - KO3(PUIIMEHTH TeMmnepaTypHOU ycagku OeTOHa,
IIPUHUMAaeMble 0 TabJ. 2.5 B 3aBUCHUMOCTH OT TeMIIepaTyphl OeTOHa
Oomnee tpl U MeHee tp HArpeToOM TPaHU CedYeHHsI, KOTopas Owljla MIpHU
rozxkape.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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7.20. Ilocne moxkapa Imporud 3jieMeHTa SBJISEeTCS OOHUM U3
KPUTEPUEB BO3MOXKHOCTM [ajibHEUIIeNd SKCIIJIyaTallud KOHCTPYKIIUU.
[Tpu melcTBUU TOCTOSIHHBIX ¥ BPEMEHHBIX HArpy30K Iporub 0asox,
IIJINT BO BCEX CJIy4yasiX He OOoJiKeH IpeBbiath 1/150 mponeta u 1/75
BbIJIETA KOHCOJIH.

Ecnu ¢pakTuyeckue MPOTUOBl MPEBHINIAIOT AOMYyCTHUMbIE 3HAYEHWUS,
HO He TMPEeIsaTCTBYIOT HOpPMAaJbHOM JKCIIIyaTallud, OOIIYCKaeTcCs
manbHeMIIas SKCIJIyaTallus Kele300eTOHHBIX KOHCTPYKIHMU 0e3 ux
YCUJIEHUS.

ITPUMEP PACYETA

IIpumep 21. ﬂaHo [InuTa nepekpriTUs npumepa 18; 6eToH Kiacca
B35; Ep = 34,5: 10 MIla; Rp,ser = 25,5 Mlla; Rpt,ser = 1,95 Mlla;
apmarypa Knacca A500C 914 mm B iponeTte; As = 169 MMZ 1 A’ s = 462
MM2 Es = 2- 10° MIIa; MOMEHT B cepefuHe MIpojieTa OT HOPMaTUBHOU
Harpys3kKu cornacHo . 1.2 Mp = 0,7-Mp = 0,7-33 = 23 kH'Mm.

Tpebyemcs OIpemenuTb IIUPUHY PACKPBITHUS TPEUIUH B IIPOJIETe
IIJIUTHL IIOCJI€ CTAHOAPTHOIO IoxXKapa AauTenbHOCThi0 180 MuH. [lnuta
IIoABepriack OTHEBOMY BO3[OENCTBUIO CO CTOPOHBI PACTAHYTOU 30HHI.

Pacuet. Pacuet BegeM 0 OeliCTBUTEIbBHOMY cedeHU0. [Ipu BricoTE
IuTH 220 MM cepefnHa Ce4YeHHUsI HaXOOUTCSA Ha paccToaHuu 110 Mm.
[To puc. A.2 npunoxeHusd A HaxoOouM Temneparypy OetoHa - 225 °C.
ITo Ta611 2.2 mpu 225 °C Koappumuent Bp = 0,65. ITo (2.5) Ebt =
34,5-103-0,65 = 22,4-103 MITa. Koaddurnment npusengeHus

E,_ 210 _
E, 224-10°

2

[IpuBeneHHas: IIOIIadb cequHH oauThl (mo m. 7.15) Ared =
1000-220+8,9-679+8,9-462 = 230-10 3 Mm2,

[IpyuBeneHHBIM MOMEHT COIIPOTUBJIEHUS CEYEHUs II0 57 11) Sred =
220-1000-0,5-220 + 769-54 + +462(166-54) = 24288 MM

BricoTa pacTsHyTOM 30HH OeTOHa 1o (7.8)

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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St _ 24283°10°

— =106 g, y, =106 0,9=95 pw € 0,54 =110 mm
A, 23010

Fr T

Haumensbitasi Temneparypa 6eToHa cxkatod 30HB 70 °C (cMm. puc.
A.2). IIpu aToit TeMiepaTtype Ko3hdUIIUeHT ppt 110 Taba. 2.2 paBeH 1,0
U €b],red 1o Tabi. 8.1 pasuo 17-107%. Torma mo (2.4) Rbpt,ser,t = 25,5-1,0
= 25,5 MITa.

[TpuBeneHHBIN MOOYy b medopMalimu 6eToHa 1o (7.30)

25,5

= =1510° MII
dored } 1? .10—4 2

KoaddunmeHnt npuBegeHus

Gy =t = - =0,0035
B e 1510 220000

E

E 210 _ A 88
A

ITpu pas1 = 0,0035-13,3 = 0,0465 mo puc. 7.2 npu y = 0,0 Haxooum
¢ =0,92.

Torma nedo BHYTpeHHEHU naphl cuil zs = Ch) = 0,92:166 = 153 MMm.

HanpsizkeHue B apMaType 1o (7.3)

2310

g, = =198 Him*,
153+ 769

PaccTossHue Mexay TpelurHaMu 110 (7.6)

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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1000+ 35

[, =05 14 =865 mm » 4014 =560 um u 400 um.

[Tpuaumaem Is = 400 mMm. Ilpum TemmepaTtype apMmaTtypisl 495 °C
KoabdunmeHT ytt = 0,21 (tabn. 2.2) u Rpt,ser = 1,95-0,21 = 0,41 MIla.

Haxogum ko3 duimeHT ys no (7.31)

, ey
W, =1—D,80’41 1000 262[] =1-011=03%
62310 .

IInss TemmepaTypel HarpeBa OeTOHa Ha YpPOBHE pPACTSIHYTOMU
apMmatyphsl 495 °C mo tabn. 2.5 HaAXOOUM Asc = -1,8-10'6 °cl, Torpga
medopmMalius ycagku 0eToHa HPU OCThIBAHUHK COCTABUT IO (7.16) esc
= -1,8-107:495 = -0,99-10™°. 3HaK «MUHYC» CBUOETEJILCTBYET O TOM,
YTO IIPU OCTBHIBAHUM B OeTOHe ocTaloTcs medopMaluy pPacCIIupPEeHUs
1 OHM YMEHbBIAT gedopMalliio pacTsKeHus oT Harpys3ku. lllupuHa
packpeiTus TpewuH 1o (7.1) nmpu @1 = 1,4, 92 = 0,5, 93 = 1,0 u ys
=0,89 paBHa

e = LA 05 1,0 059 18
2107

- 0,99 10_3]400 = 0025 < 0,50 mm

[locne moxkapa OauTenbHOCTHIO 180 MMH Cc yyeToM medopmainuiut
ycagku OeTOoHa HIMPWHA PacKpPBLITHUSA TpeluH cocTaBuia Bcero 0,025
MM. Ecnm He yuuThHBaTh OedopMaluu ycagkKu OeToHa HpI/I
OXJIaXKIOEeHUU, TO meHHa pacKpuITUS TpeluH OymeT paBHaA dcrc =
1,4-0,5-0,89-99- 107°-400 = 0,24 < 0,30 MM, 4YTO MeHbIIIE OOIIYCTUMOTO.

IIpumep 22. [JaHo. IlnuTa nepekpeiTusa npuMepa 18; B OIIOPHOM
cedyeHuu As = 1539 MM2, J14 mm; A's = 7,69 MM“; MOMEHT OT
HOPMAaTHUBHOM HArpys3kKu coriacHo m. 1.2 Mp = 0,7-Mp =0,7-62,5 = 44
KH-M.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Tpebyemcs omnpeneuTh IIUPHUHY PACKPBITHS TPEIIUH B OIIOPHOM
CeYeHUU IJIUTHI, IIOABEPrIleCcss OTHEBOMY BO3OENCTBUIO B TedeHue 180
MWH CO CTOPOHBI C2KaTOU 30HHI.

Pacuer. KosadpduineHnT npusenerus o = 8,9 (cm. opumep 21).
Ared = 1000-220 + 8,9-1539 + 8,9-769 = 240,5-10° mm2.

Snd = 220-1000-0,5-220 + 1539-54 + 769(166-54) =24369-103 MM,

Sy _ 24369107
A, 2405 10°

¥, = =101 mng; y, =101 0,9 =531 mm < 0,54 =110 nma

Cpenusist Temneparypa 0eToHa cKaTou 30HBI Ha pacctossHuu 0,1h =
0,1-220 = 22 MM oT HarpeBaeMou rpanu (cm. puc. A.2) paBHa 775 °C.
[Tpu stou TeMmrnepaTtype KoaddunmernT ybt = 0,13 mo tabn. 2.2. Torma
o (2.4) Rp,ser,t = 25,5-0,13 = 3,3 MIla. HaumeHslllass TeMiieparypa
OeToHa cXKaTOM 30HHI Ha paccTostHuuM 44 MM paBHa 550 °C u mo TabIl.
8.1 ebr,red = 70-1074. [TpuBemeHHBI MOOysb gedopmanuu 6eToHa II0
(7.30)

3,3

_ _ A
E-.’-',?’Eﬁ,! = W _‘4,? 1[:] Mﬂa.

KosdduimeHT npuBegeHn

i
LB 200 A 15%

VU E o 411 A e

=0,0077.

ITpu pas1 = 0,0077-42 = 0,32 mo puc. 7.2 ipu y = 0,0 Haxogum (
= (0,82, Torga miae4yo BHyTpeHHeU mapwl cuil zs = Chg = 0,82:166 = 136
MM.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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HanpsizkeHus B paCTAHYTOM apMaType 110 (7.3)

A
g, - B 10 B
1361539

PaccrosHusa Mexnay TpemuHaMu 1o (7.6)

) 25100091

3

14 =414

[Tpuaumaem Is = 400 mM.

[Tpu Temmepatype pactsayTou apMmaTypsl 80 °C (hQ = 166 MM) 1o
Tabn. 2.5 HaXOOUM Qcs = 0,8-10'6 ocl, Torma medbopmamnuu ycagkKu
0eTOHa IMpPU OCTHIBAHUU COCTABSAT MO (7.16) £cs = 0,8:107°-80 = 64-107":
vit = 0,78 u o (2.4) Rpt,ser,t = 1,95-0,78 = 1,52 MlIla.

Haxomum 1o (7.31) KoappuineHT ys

1521000 - 2202

1-08
v 644107

=1-022=078

IMupuHa packpelTua TpewuH no (7.1) npu @1 = 1,4, 92 = 0,5, @3 =
1,0 u ys = 0,78 paBHa

210

dq: = L4055 10" D,TB[ = + b 107° ]4[][] =024 <030 mm.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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[Tocne moxapa pacuyeTHas IIVMPUHA PAaCKpPBHITHUS TPELIUH COCTaBUJia
0,24 MM, 4YTO MeHbIIe IIpPefebHO [OONYyCTUMOM  INUPUHEL
IIPOLOJIZKUTEJIBHOT'0 pacKpeiTusd Tpemux 0,30 M.

IIpumep 23. /JaHo. CBoOGoOHO ornepTas 6anka npuMepa 7; nposnet 20
M; Mn = 1625 kH'M; Rp,ser = 22 MIla; Rpt,ser = 1,75 MIla, yst = 1,0.

Tpebyemcs ompenenuTb Nporubd O0amKy OT HOPMATUBHOM HaArpy3KU
IOCie moxapa gnutenbHocThio 180 MmuH (puc. 5.14), at = 53 MM.

Pacuer. As = 5028+10032 = 11122 MMm2;

A 11122

3= =

A 3941106

[Tpu pgnuTtenbHOM [leHCTBUM HATrPy3KHW ¥ HAaWMEHBIIEN TeMIlepaType
O6etoHa cxkatou 30HH 20 °C oTHocutenbHasg pedopMmaliuss OeTOHa
cxkaTtuio 1o Tabn. 8.1 epl,red = 28-1074, I[IpuBegeHHBI MOOYJIb
nedopmaluu cxkatoro 6etona mo (7.30)

e =i_4=19-m3 MTa
) 2810 KoahduineHT npuBegeHust

E 20

&' = =
1B e 79010

=253 e, =0,02:253=05;

175
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- (B - ]hh o, < (66394057 oo o
by 3941106

U3 1abn. 7.3 npu pasl = 0,5 u p'r =0,84 maxogum @1 = 0,56,
a u3 1abn. 7.4 npu pasl = 0,5 u p'f = 0,84 u puf = 0 HaxoguMm
COOTBETCTBYIOIIUU IIPOOOJIZKUTETIEHOMY IEeVCTBUIO Harpys3ku
Koo dumueHT @2 = 0,22 Torma mo (7.33)

A - , , 2,
1_lez5- 107 -0,22 3942114? 51,?5 94107
r 0,56-11122-1106% 210

[Ipu ocThiBaHUU OanKu BO3HUWKAEeT KPUBH3HA OT HEPaBHOMEPHOU
ycagku OeTOHa IIO BBICOTE CedYeHHs. J3HadeHHe Ko3(pduumenra
TEMIIEPATYPHOM ycagKW  TsaXKenoro OeToHa Ha  CHUJIMKAaTHOM
3aIoJIHUTEeJIe IIPUHUMaeM HO Ta611 2.5. Tlpu TeMIiepaType XOJIOOHOU
rpanu 20 °C acs = 0,5- 106 oct . Temmepatypy 6eToHa HarpeBaeMOH
rpaHH MIpU IoXKape COTrjlacHO II. 5. 27 npuHuMaem 575 °C acs = -3,8: 100
°c’l. 3max «MHHYC» CBUIOETEIbCTBYET O TOM, YTO IIPXU OCTHIBAHUU Ha
HarpeBaeMofl IIOBEPXHOCTU OCTAHYTCSA AedopMaluyd pPacCIIUpPeHUus U
TeMIlepaTypHasi KpUBU3Ha OT ycagKu OeTOoHa HOJIXKHA CyMMHUPOBAThCS
C KPUBU3HOM OT HAarpy3Ku corjacHo (7.39).

=-1910"° 't

1) _-3757510°-0,5-20-10°
; 1106

r

CyMMapHasi KpUBHM3HA OT HArpy3Kd U medopmanuil ycagku OeToHa
IIPU OCTHEIBAHUU
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[1] =94-107 +1,90-107° =2,84- 107" mur.
r

[Tporub onpepensem mo ¢opmyne (7.17), npuHUMas COriacHO TaoIl.
7.2

§-548 £ = —[20-10°F 28410 =118 e,
43 aTo cocraBnsier 1/1691. 3To
BIIOJIHE OOIITYCTHUMO.

[Tocne II02Kapa 0anKa MMeeT BIIOJIHE ,'E[OHYCTI/IMBII;I HpOl"I/I6 n OHa
MOZKET IKCIIIIyaTUPOBATLCA 6e3 YCUTIEHHd.

8. OTHECTOMKOCTb U OTHECOXPAHHOCTD
2KEJIE3OBETOHHBIX 3JIEMEHTOB HA OCHOBE

HEJIUHEUHOU TE®OPMAIIMOHHOU MOIIEIA

8.1. IIpu pacyeTe OTHECTOMKOCTH IO IIOTEPE HeCylllel CII0COOHOCTHU
OT OTHEBOT'O0 BO3[EUCTBHUS U OTHECOXPAHHOCTHU IIOCJIE IToXKapa YCUIHUA
1 gedhopManuu B CEUHeHUU, HOPMaJIbHOM K IIPOAOJIbHOMW OCHU 3JIEMEHTA,
OIpenesnaiT Ha OCHOBe »OedopMalMOHHOW MOJEJIH, HCIIOJIb3y4
yPaBHEHUS PaBHOBECHS BHEITHUX CUJI U BHYTPEHHUX YCUJIUY B CEUEHUU
3JIeMeHTa C y4YeTOM H3MeHEeHHS CBOMCTB OeTOHa M apMaTyphl OT
BO3[ENCTBUS TeMIepaTypPHl.

HpI/I 9TOM HCIIONIB3YIOTCA CIIEeOYIOIIre ITOJIOZKEHU A :

pacrpeneneHue OTHOCUTENbHBIX medopMaliuii 6eToOHa U apMaTyphl
110 BEICOTE CEYEHUS 3JIEMEHTa IIPUHUMAIOT I10 JIMHEMHOMY 3aKOHY;

CBSI3b MEXKOy OCEBBHIMM CXKMMAIOIIUMU HaNpsSXKeHusIMU OeTOHa Ob
U OTHOCHUTEJIbHBEIMU €ro gedopMalusiMHu &b OOIIyCKaeTCsd NMPUHUMATh
B BHUIOEe [OBYXJIMHEWHOU puarpaMmbel (puc. 8.1), corimacHO KOTOPOU
HaIIPsiKeHUs Op OIIPEenenstoT 1o II. 8.3;

COIIPOTHUBIJIEHHUE 0eToHa paCTﬂHYTOﬁ 30HHBI HE YUYUTHEIBAETCHA;

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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CBSI3b MEXK[y HalpsXKeHUSIMHU apMaTyphl Os U OTHOCUTEJILHBIMU €€
nedopManusIMi €s OONyCKaeTCs IPUHUMAaTh B BHUIOE OBYXJIMHEUHOU
guarpamMmel (puc. 8.2), corjiacHO KOTOPOU HalpPAXKEHUs Os IPUHUMAIOT
rno o. 8.4.

0

Oy, =0y = Oy =Rhmar] 1 1

= =20°C

Oy =0y =0, =R _(R,)J

12 By,
G G B B By B Ep

Puc. 8.1. [luarpamma gedopmupoBanus 6eTOHA IIPU pacyeTe
OTHECTOUKOCTHU X OTHECOXPAaHHOCTH

g, =0, =R (R ) £200°C

>200°C

Ty =G =R;"[(R“) /

——

|

Ey Ep £y By Ex

Puc. 8.2. [lmarpamma gedopmMupoBaHusa apMaTypHl IIPU pacyeTe
OTHECTOUKOCTU M OTHECOXPAHHOCTH

8.2. OtHocutenbHble mnedopManuu OeTOHA  CXKATUIO TIPU
OJHO3HAYHOM PaBHOMEPHOU 3IIOpe €h() U IIPU ABYX3HAYHOU SIIOPE B
HOPMAaJIbHOM CE€YeHUHU £bh2 B 3aBUCHUMOCTHU OT OJIUTEIbHOCTU OENCTBUS
Harpy3kKM M pacyeTa HaA OTHECTOMKOCTb U OrHECOXPaHHOCTb
IIpUHUMAIT 1o Tabm. 8.1.

Tabnuua 8.1
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Haumensbimas | OTHocuTenbHBIEe medopmanmu 6eTOHA MPU CKATHU U pacyeTe Ha

TeMIepaTypa
Harpesa OTHECTOUKOCTh U OTHECOXPAHHOCTD ¥ [AJTUTEITLHOE
CIKATOTO KPAaTKOBPEMEHHOE HarpyKeHHe HarpyKeHue

cezeeT;:;,]ic eb1,red-104|eb0' 10 eb2:10™ eb1,red 10| 1074 pz-107

20 15 20 35 28 34 48
100 19 25 44 35 43 60
200 26 35 61 49 60 84
300 38 50 88 70 85 120
400 49 65 114 91 111 156
500 68 90 158 126 153 216

OTHOCUTEeNnbHBEIE HOedopMaluu OeToOHA MPUHUMAIOT OJI HaMMeHee
HArpeToro CXKaToro BOJIOKHA OeTOHA, TaK KaK IIPU HEPaBHOMEPHOM
HarpeBe CXKaToro 0eTOHa pa3pyIIeHHe ero IMPOUCXOOUT I0 Hamboiee
ITPOYHOMY MeHee HarpeTomy OeTOHY.

8.3. [lpu pOBYXJIMHEUMHOUW [uarpaMMe CXUMaIIIUe HalpsXKeHUs
0eToHa Op B 3aBUCHUMOCTH OT OTHOCUTENbHBIX medopMalui &£p
OIpenensdioT mo ¢GopMyaM:

npu 0 < gp < op = (8.1)
b1l Eb,red,t €b;
npu eb1< €b < ob = Rpnt ob = Rp,tem, (8.2)
Eb2
roe
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s = R-E',Im Coa = R.;m
borad ¥ dored
(8.3)

3HaveHUe IPUBENEHHOr0 Moy nedopmanuii Ep red,t IPUHUMAIOT:

Eb,red,t = Rbnt/€b1,red; Eb,red,t =
Rb,tem/€b1,red.- (8.4)

8.4. [IluarpaMMbl COCTOSTHUSI apMaTypPhl IIPU PaCTSAXKEHUU U CKATUU
IIPUHUMAIOT OOWHAKOBHIMU. HampsixkeHue B apMmaType Os B
3aBUCUMOCTHY OT OTHOCUTENBHBIX edopMaliil £s COTIaCHO OUarpaMMe
COCTOSTHUSI apMaTyphl ONIPEeNeNsoT o GpopMynaMm:

npu 0 < g€s < os = Est €s; (8.5)
€s0

npu €p0 < €s < 0s = Rsnt 0s = Rst. (8.6)
Es2

3HayeHUs NIpeaeTbHOU OTHOCUTEIBHOU AedopMaly apMaTypPHL:
npu ts = 20 - 200 °C cocrtaBnsawT €s2 = 0,0025;

npu ts = 500 °C - €52 = 0,0050;

ripu 200 °C < ts < 500 °C - 110 UHTEPIIOIALINHN.

8.5. Tlpu pacueTe OTrHECTOMKOCTU Kele300eTOHHBIX KOHCTPYKIIUU
HCIIONB3YIOT AuarpaMMbl medopMupoBaHHS OeTOHa MPU CXKATUU OT
KPaTKOBPEMEHHOTO OTHEBOT'O BO3[IEMCTBUS B HarPETOM COCTOSTHUU ITPU
rnmoxape. [IuarpamMmbl medopMupoBaHUs OeTOHa Ha CXKaTHe CTPOSIT B
3aBUCUMOCTH OT HW3MEHEHMHS HOPMAaTUBHOTO CONPOTHUBIIEHHS OeTOHa
CKaTUIO IPY KPaTKOBPEMEHHOM OTHEBOM BO3[I€MCTBUMU.

[Ipy pacyeTe OTHECOXPAHHOCTH XKeIe300€TOHHBIX KOHCTPYKIINH
IIOCJIe TToXKapa HUCHOJIb3YIOT AUuarpaMMbl medhOopMUPOBaHUS OeTOHA IIPU
CXKATUM II0CJIE OTHEBOTO BO3IOEUCTBUS B OXJIAKOEHHOM COCTOSTHUU.
Ouarpammbl gedopMuUpoBaHMSI OeToHa Ha C¥XKaTHe CTPOSIT B
3aBUCUMOCTH OT WU3MEHEHHUS PaCYeTHOr0 COIIPOTUBIIEHUS OeTOHa
CIKATUIO IIOCJIE OTHEBOT'O BO3OEMCTBUS.
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8.6. Ilepexon OT 3mIOPHE HAIpPsSIXKeHUM B OeToHe K 000OIIEeHHBIM
BHYTPEHHUM YCUJIUSIM pPEKOMEHOYeTCS OCYIIECTBIATh C IIOMOIIBLIO
IIPOIIeyPhl YHCIIEHHOTO UHTETPUPOBAHUSA 10 HOPMAJIbHOMY CEYEHUIO.
[Insgs 4Yero HOpPMAaJIbHOE CeYeHHEe TIPU BHEIEHTPEHHOM CIXKaTHH,
pacTsKeHun U u3rube B IJIOCKOCTA OCU CHUMMETPUU YCJIOBHO
pas3mesnsaloT Ha MaJible YYaCTKH: IIPU  OOHOCTOPOHHEM OTHEBOM
BO3[EWCTBUU B IIJIMTAX - TOJIBKO II0O BHICOTE CeYEHUS; IIpHU
TPEXCTOPOHHEM - B OalKaxX M PUTENSX II0 BHICOTE M IIUPUHE CEYEHUS,
IIPY YETHIPEXCTOPOHHEM - B KOJIOHHAX Ha IMOJIble IIPSIMOYTOJbHUKU C
OOVHAKOBOU TeMIlepaTypOou Harpesa.

8.7. Pacuer Ha OCHOBe HeJMHEWHON AOePOpPMaIUOHHOW MOAENIHN
IIPOU3BOOUTCSA C IOMOIIBI0O KOMIIBIOTEPHBIX IIPOrpaMM, KOTOPEIE
PEKOMEHOYyeTCsI COCTaBJISATh Ha OCHOBE CJIeAyI0IIero jorapudmMma.

1. Ing [OpuUHATOTO IO IIPOEKTy Ipefela OrHECTOMKOCTH R
2Kene300eTOHHOTO 3JIEMEHTa pellaeTcs TeIUIOTeXHUuYecKas 3ajada, 1o
KOTOPOU OT CTAHOAPTHOI'O II0XKapa OJIUTEIbHOCTHI, COOTBETCTBYIOIEU
TpeOyeMoMy TIpeleny OTHEeCTOMKOCTH R, HaXOOAT TeMIlepaTypy
HarpeBa i-TO y4yacTKa OeToHa U j-TO CTePKHSI apMaTypPHl B IIOTIEPEYHOM
Te4YEeHUHU 3JIeMeHTa.

2. ITo TeMIniepaType KaXaoro ydacTKa CKaTOoU 30HBI 6eTOHa 1o Tabl.
2.2 yCTaHaBIMUBAIOT 3Ha4YeHUSA KOo3(ppumueHTOB ybt U Pb. 3HasA Kiacc
0eToHa II0 IIPOYHOCTU Ha cxKartue, Mo ¢Gopmyne (2.1) HaxoOgsaT
COIIPOTHUBJIEHHME OeTOHa CxXKaTuio, a Io ¢dopmyne (2.5) - 3HaUYEHUS
MOOynsl ynpyroctu O6eToHa. [I71s MeHee HarpeToro CXKaToro BOJIOKHA
6eToHa 1o Tabmu. 8.1 ycTaHaBnuBalOT 0a30Bble medopMalliOHHbBIE TOUKHN
ouarpaMMbl COCTOSIHUSI OeTOHA U CTPOSIT AUarpaMMmy c2KaToro 6eToHa.

3. 3Hasd KJjlacC apmaTyphl, HaXOOAT COIPOTUBJIIEHHE apMaTyphl
pacTsaxkeHuio no gopmyne (2.7), ckatuio no ¢popmyie (2.8) ¥ MOOYyIb
yopyroctu 1o ¢opmyne (2.10). B atux dopMynax 3HaA4YEHUA
KO03GbGUIIUEHTOB Yst U Ps INPUHUMAIOT ITI0 Tabn. 2.8 B 3aBUCUMOCTH
OT TeMIlepaTypbl PaCTIHYTOM U CXKaToOu apMaTyphl. lIpenesnbHble
3HAUYEeHUS OTHOCUTENbHLIX medopMaluil apMaTyphl IIPUHUMAKIOT MO II.
8.4 u cTposAT AmarpaMmhbl Ae(OPMUPOBAHUSA PACTAHYTOM M CXKATOU
apMaTypHI.

4. B o0meMm ciay4dyae TIIpu pacyeTe HOPMAJIbHBIX CeYeHUu
BHEIIEHTPEHHO CXKAThIX U PACTSIHYTHIX Kele300eTOHHBIX 3JIEMEHTOB
HCIIOIb3YIOT CJIeAYIONe 3aBUCUMOCTH:

YPAaBHEHUSA PaBHOBECHA BHYTPEHHUX WM BHEIITHUX YCHHHIZ:
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ypaBHEHHSI, OIIpeesiolle
CEeYEeHUI0 dIeMeHTa:

M:r = Z'ﬂ:bi"qﬂizbm' + Zgﬂ"gﬂgsﬁ}'
! g

M o ZJMAMZ dd * Zgﬁ.?"q-v"g o
! J

(8.7)

N= Z‘:'Ezﬂai +Z%'Aaj;
i 7
(8.8)

pacmpepnesnieHusi gedgopMallui IO

i~ G T lgan‘ * lzen i

F, %
(8.9)

1 1
7 7

(8.10)

g :

3dBHCHUMOCTH, CBA3BIBAIOIIKE HAIIPAZKEHNA 1 OTHOCUTEJIbHBIE

nedopmalruu 6eToHA U apMaTypPHI:
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Ty = Ey¥hits
(8.11)
a, = Bt
(8.12)
B ypaBHeHusx (8.7)-(8.12):
Mx, My - wusrubamolmye MOMEHTH OT BHEIIHUX BO3[0eUCTBUHI

OTHOCUTENIbHO BBIOPAHHBIX OCEM X M Yy B IIpefejiaX IIOIIePeYHOTOo
CedyeHUs 3JIeMeHTa, oIpeaessieMble 1o ¢GopMyaaM

Mx =Mx:i +N€x
M,=M,, +Ne,|
(8.13)

Myxd, Myd - usrubamiiie MOMEHTH B COOTBETCTBYIOIIUX IJIOCKOCTSX
OT BHEIIIHUX YCUJINH, onpenesieMble U3 CTaTUYECKOT0 PacyeTa;

N - mpoposibHAs CUia OT BHEITHUX YCUJINM;

ex, €y - PpacCTOosHHUS OT TOYKM MPUJIIOKEHHUusT Cunbl N 1o
COOTBETCTBYIOILIUX OCEU;

Abi, Zbxi, Zbyi, Obi - IIOIIaAb, KOOPOAUHATH LIEHTPA TAXKECTH [-TO
y4yacTKa 6eTOHa U HalpsizKeHHe Ha YPOBHE ero IIeHTpa TIXKeCTH;
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Asj, Zsxj, Zsyj, Osj - TIOIIaAb, KOOPAWHATHI LIEHTPA TSIXKECTU j-TO
CTEPKHSI apMaTyphl U HallpsXKEeHUs B HEM;

€0 - OTHOCHTEJIbHaA JIG(bOpMaLII/IH BOJIOKHAQ, PAaACIIOJIO2KE€HHOI'O Ha
rnepecedeHnnu BbIﬁpaHHBIX OoCelu;

1/rx; 1/ry - KpuBH3HA MPOMNOJILHOM OCH B pPacCMaTPHBAEMOM
IIOIIEPEYHOM CEYEHUHU 3JIEMEHTa B IJIOCKOCTSX AEeUCTBUS U3TUOAIOIINX
MOMEHTOB Mx u My;

Ebti, Estj - MOByNH yOpyroctu 0OeTOHa i-rO yJacTKa U apMaTypshl j-TO
CTEePXKHSI;

Vbi, Vsj - KO9GPUIUEHTEl yIPYrocTU 0eTOHA i-T0 y4acTKa U apMaTyphI
J-TO CTEPXKHSA.

KOS(I)(I)I/II_[I/IGHTBI Vbi B Vgj IIPHHUMAIOT II0 COOTBETCTBYIOIINM
OuarpaMmMaM COCTOSAHUSA OeToHa u dPMaTYPHI.

5. 3HaueHust KO03(pOUIMEHTOB Vbhi U Vsj OINPENeNsaIT Kak
COOTHOIIIEHME 3HAUYeHUM  HamnpsaxeHu u pedopmanuii  Ois
paccMaTpuBaeMbIX TOYEK COOTBETCTBYIOIIMX AUarpaMM COCTOSHUS
OeToHa U apMaTyphl, IeJleHHOe Ha IPUBEOEHHBIN MOMOYIb YIIPYTOCTU
6erona Ep,red,t,i ¥ Ha MOAyJb febopMaluy apMaTyphl Estj

Vo = .

By et 1i5n

(8.14)
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roe Ebp,red,tii - TpuBedeHHHW Moaynab pAedopmMmaluu OeTOHa,
onpepenseMeii 1o ¢popmyne (8.4), B kotopou Rpnt u Rpt TpUHUMAIOT
o Taba. 2.1 B 3aBUCHUMOCTH OT TeMIlepaTyphl B LIEHTPE TAXKECTH i-TO
y4dacTkKa 6eToHa.

6. PacueT HOpMaJbHBIX CEYEHUMN IKeJIe300€TOHHBIX 3JIEMEHTOB IIO
ITPOYHOCTHU ITPOU3BOMAST U3 YCIIOBUM:

OTHOCHUTeNbHasa Aedopmalus Hauboiee CKAaTOro BOJIOKHaA OeTOHa B
HOpPMa/JIbHOM CeYeHUU OT OeMCTBUS BHEUIHUX YCUIUM £b,max < £b,ult.
[IpemenbHOE 3HAYEHHE OTHOCUTENbHON medopMmalimu OeToHa IIpHU
CXaTUU ¢£hb,ylt MPUHUMAIOT NOPU [OBYX3HAUHOU smiope nedopmaumii
O0eToHa paBHOU £p2 (Tabn. 8.1); mpu medopMallmu OOHOTO 3HAKA - B
3aBUCHUMOCTH oT OTHOIIEHUN medhopMalui 0eToHa Ha
ITPOTUBOMOJIOXKHBIX I'PAHIX CEUYEHUS dJIEMEHTa £1 U £2:

£
Ch ult =Eaz_|:5az_ i )E_l
]

(8.16)

OTHOCUTeNbHasA [nedopMmanusgs Haumbollee PaCTAHYTOTO CTEPXKHSA
apMaTypbl B HOPMaJIbHOM CEeYEeHUM 3JIeMeHTa OT BHEIIHUX YCUJINH
£s,max = &s,ult. [IpenenvHOEe 3HauyeHUWe OTHOCUTENIbHOU OedopManuu
YOJINHEHUS IPUHUMAIOT PaBHEIM £s2 (m. 8.4).

7. B xemne300eTOHHOM 3JIeMEHTEe IIPU OeWCTBUM MOMEHTa U
IIPOOOIBPHON CHUJIBI B IIJIOCKOCTU CUMMETPUU IIONEPEYHOTr0 CEUYEHUS U
PacCIOJIOXKEHUsT OCH B 3TOH IJlocKocTu My = 0, D12 = D22 = D23
= 0, medbopmanum OeTOHa £b,max ¥ apMaTyphl £s,max OIPEHEeJISTIOT
U3 pelleHuss cucteMbl ypaBHeHuu (8.17) u (8.18) ¢ ucnonb3oBaHUEM
ypaszenwii (8.9) u (8.10)
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Mx = Dll—l + DIEEIZI;
r
(8.17)

1
N= 513; + Dsey.
(8.18)

B ypaBHenusx (8.17) u (8.18) XKeCTKOCTHBIE XapaKTEPHUCTUKU
(MaTpuIIBl 2KECTKOCTH) ONPENENSIOT 0 popMyIaM:

U3rndHag XKeCTKOCTh:

Dll B ZAME;E'?’.FEE‘JJFM +ZA5‘;'Z§;I’E_:E"|’JH;
: F
(8.19)

M3TrUOHO-0CeBasi XKeCTKOCTh:

Dy = Z"qbizbigb,red,!,ivbi "'Z—"igzggsg’"’g;
i J

(8.20)
oCceBasda XKeCTKOCTh:
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Ly = E A BV t E I.ﬂa?'Esuv-ﬂ"
i g
(8.21)

I719 nusrubaeMbIX 3J71eMeHTOB B ypaBHeHUsx (8.8), (8.13), (8.18) N =
0.

8. Ecmu BHyTpeHHUHE YCUIUS B Kejne300eTOHHOM 3JIeMeHTe
OKa3bIBAIOTCS PAaBHBIMM MJIM HECKOJIBKO OOJIbIlle BHEIIHUX YCUJIUU OT
HOPMaTHMBHOM Harpy3Kd [MOO TIIoxkKapa, TO TpeOyeMbli IIpenernn
OTHECTOMKOCTH II0 IIOTEepe Hecylled CIocoOHOCTM R [OJig STOTO
9JIeMeHTa obecledeH.

8.8. Ompemenenue nporubOB XKejne300eTOHHEIX 3JIEMEHTOB Ha
OoCHOBe nedopMallMOHHOM MOMeJIM IIOCJIe IToXKapa ITPOU3BOAUTCS II0
dopmynam (7.17) u (7.18). 3HayeHUSA KPUBUIHEI, BXOASIIEN B (POPMYIIBL
(7.17) u (7.18), onpemensitoT U3 pellleHus: ypaBHEHUN KeJjie300€ TOHHBIX
XapaKTEPUCTUK B OXJIAXKOIEHHOM COCTOSIHUM C Y4YeTOM BIIUSHUS
TeMIlepaTyphl IToXKapa Ha MOAYJIb YIPYrocTtu u medopMainum OeToHa
corjacHo no. 7.13 u 7.17.

Mopynps yOpyrocTé apMaTypbl IIOCJII€ BO3[EUCTBUSA BBICOKOU
TeMIIlepaTypel [OJIHOCTBIO BOCCTaHaBiIuBaeTcA. Ilocie 1moxkapa
YYUTBHIBAIOTCS OOIIOJIHUTEJIbHbIE HAIIPSIXKEHHWs CXKaTUs, BO3HUKAIIINE
B apMaType OT pa3Butusa medopmanuii ycagku B OeToHe. 711 9TOTO
cnenyeTr npubaBUTL K omnpepessieMod nedopMmaumu OeTOHa CXKaTHUIO
€p2 medopMalmio yKOpoueHUs OeTOHa OT TeMIlepaTypHOU yCaJKHU Ecs
MeHee HarpeTou 4acCcTU CeYEeHUs.

Ecs = Ucs
th,
(8.22)

rme Ocs - KoadpduuueHT TeMIepaTypHOM ycaakKu OeTOHa,
IIPUHUMAEMBIH 110 Tab. 2.5;

tp - TeMIepaTypa MeHee HarpeTol YaCTH CeYeHHUs JIEMEHTa.

[Ipu pByx3Ha4yHOU J3Mmiope AedopMalui 3HadYeHWEe KPUBUIHBI II0
Ce4YeHUIo
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I am
F X l
(8.23)

MaxkcumanbHBIE gedhopMaliuy 0eToHa €p, max ONPENEISioT Ha OCHOBE
II0JIOKEHUU, IPUBENEHHBIX B II. 8.6.

17151 3J7IEMEHTOB C TpelnHaMiu B paCTﬂHYTOﬂ 30HE€ HaIlIps2XKeHnue B
apMaTtype, HepeCGKaIOH_IefI Tpeuinuny, OIIpeneIsdaT I10 (I)OpMy'J'Ie

J_sz' = E: [Eji + DEE:,;.P;)?
(8.24)

TOe &si - yCpeOoHeHHas OTHOCHUTeNIbHasA medopMalusi PacTSIHYTOU
apMaTypel B pacCcMaTpUBaeMOU CTaOuM pacyeTa, COOTBETCTBYIOILAS
JTMHENHOMY 3aKOHY pacupefefieHusa gedopManuii 1o Ce4eHUIo;

Ecrc - OTHOCUTEbHAS HedopMalus PacTSIHYTOM apMaTyphl B CEYEeHUN
C TPELIMHOM cpa3y mocie 00pa30BaHUs TPEIINH.

9. KOHCTPYKTUBHBIE TPEBOBAHMUMA, ITIOBbBIMIAIOIITUE
IIPEJIEJ OTHECTOMKOCTHU U OBECIIEYUBAIOIIUE

OIrHECOXPAHHOCTH KEJIE30BETOHHBIX KOHCTPYKIIUMA

9.1. Yem Oosmbllle 3aUIUTHHIM CJIOW OeTOHaA, TeM BHIIIE IIpeden
OTHECTOUKOCTH KOHCTPYKLIXHU. ECnu TOJIIMHA 3alUTHOTO CJiod OeToHa
O6omnbie 60 MM, 3aIIUTHBIN CJII0M OeTOHA MOXKET UMETh apMHUPOBAHUE CO
CTOPOHBI OTHEBOT'O BO3OEMCTBUS B BUIE CETKU U3 CTepxKHeU J1-2 MM C
siuelikaMu He 6omee 70X 70 MM.

9.2. B kene300eTOHHBIX KOJIOHHaAX C IIPOAOJILHOM apMaTypou B
KOnu4decTBe 0ojiee 4YeTHhIpEX CTEPXKHEN B CeYeHHU HellernecooOpa3HOo
yCTaHaBIMBATh BCI0O apMaTypPy OKOJI0 000rpeBaeMoM ITOBEPXHOCTH. s
TIOBBLINIIEHUSI TIpefejla OTHEeCTOMKOCTH KOJIOHH pabodyio apMaTypy
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clemyeT yCTaHaBIMBATh B MaKCHMAalIbHO BO3MOXKHOM yHaJIEHHUU OT
TIOBEPXHOCTHU, ONIMKEe K SIAPY CEeUYeHUsT KOJOHH, €CJIM 3TO TO3BOJSIOT
YCUIIUSL.

9.3. KosoHHBI OOJIBIIIOTO TIIOIIEPEYHOT0 CeYeHuS C MEHBIIUM
IIPOILIEHTOM apMUPOBAHUSA JIy4Ille COMNPOTUBIISIOTCSI  OTHEBOMY
BO3[EMCTBUIO, YeM KOJIOHHBI MEHBIIEro IIONIEPEeYHOTr0 CeYeHUs C
OOJIBIIIUM IPOLIEHTOM apMHUPOBAHUA.

9.4. Ilpenen OrHECTOUKOCTU KOJIOHH C KOCBEHHBEIM apMHPOBaHUEM
B BUOE apMaTypPHBIX CBApPHBIX ITOIIEPEYHBIX CETOK, YCTaHOBJIEHHBIX C
marom He Oonee 250 MM, uUIM CO CIHpPANbHOM apMaTypoM
yBenuyuBaeTca B 1,5 pa3za.

9.5. KosionHbl U 0ajku C KECTKOW apMaTypoOM, pacloJIOKEHHOU B
cepeouHe CeYeHUs, UMEIOT 3HAYUTEJIbHO OOJIbIIMHM  IIpefen
OTHECTOMKOCTU IO IIOTEPe HeCYIled CIIOCOOHOCTU 10 CPaBHEHUIO C
OankaM{ U KOJIOHHaAMH, apMUPOBAaHHLIMU CTEPKHEBOM apMaTypoH,
PacCIIONIOKEHHOM 0KO0JI0 060rpeBaeMoM ITOBEPXHOCTH.

9.6. B Gankax IIpW PacCIOJIOKEHWUM apMaTyphl Pa3HOTO AHaMeTpa
¥ Ha pPa3HBIX YPOBHAX CledyeT paclojiaraTb apMaTypy OOJIbIIero
araMeTpa Jajibille 0T 06orpeBaeMo MOBEPXHOCTHU IIPU ITo¥Kape.

9.7. st IIOBLIIIIEHU ST npenena OTHECTOMKOCTH 0ajioK
MIPEAIOYUYTUTENIbHEE TIPUMEHSITh INMPOKHEe Oajiku, a He Yy3Kue u
BLICOKME. B KadecTBe OCHOBHOUW apMaTyphl 0ajiok peKOMEeHOyeTCs
HUCIIONIb30BaTh 0OJlee [BYX CTepKHeW, Haumbojiee TIPEenInoYTUTEIbHO
pa3MelllaTh apMaTypy B HECKOJIBKO PSAOOB, MaKCHUMaJbHO BO3MOXKHO
IIOMECTHUB apMaTypy BriayOb cedeHUs: OT 000rpeBaeMoil TOBEPXHOCTH.

9.8. Ha onopax MexXay coceqHUMU OankaMu U MeXAy OanKou u
CTEHOU OOJIKeH OBITh 3a30P, KOTOPHIM MO3BOIUT Oajike CBOOOOHO
VOJIMHATHCS B IIpoliecce OorHeBoro Bo3geuctBus. lllupuna 3a3opa
moyizkHa ObITh He MeHee 0,051, rae | - mposnieT 6Ganku. Bo nusbexaHue
pacupocTpaHeHus OTHS B COCeOHUE ITOMEIeHUsI BCe 3a30Phl U CTHIKHU
OOJI?KHEI OBITH 3al0JTHEHBEI OTHECTOMKHM MaTePHaJIOM.

9.9. B mnnuTax 1esiecoobpasHO HMETH IIOMEPEYHYI0 apMaTypy,
KOTOpas pedoXpaHUT IIPOJOJbHYIO apMaTypy OT BBIIyYHWBAHUS BO
BpeMs mozKapa.

9.10. B mmuTax Ha CTAIbHOM IIPOMUINPOBAHHOM HaCTUIe 0ETOH WU
apMmaTypa B rodpax OOJIXKHEI COeOUHSITHCS C HAaCTHUJIOM BO u30exkaHHe
€Tr0 OTCJIOEHHUS IIPU OTHEBOM BO3OEHMCTBUU.
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717 TOBBIIIEHHWS OTHECTOMKOCTHM MHOTONPOJIETHBIX IJIUT U3
MOHOJIMTHOTO KeJjle300eTOHa Ha CTaJIbHOM IIPOMUIMPOBAaHHOM HaCTHUIIE
no R150 B mepBOM KpaWHeM IpOJieTe IJIUTHL CjlegyeT YBEIUYUTH
momans apMatypsl Ha 30 % cBepxX pacuyeTa, cedeHUEe apMaTyphl Ha
IIepBOM IIPOMEXKYTOYHOU OmIope IpenyCcMOTPeTh B OBa pa3a Ooibille,
4yeM B IIePBOM IIPOJIETE.

9.11. Ilpemen OrHeCTOMKOCTH CTATHYECKU HEOIIPeOenMOu
KOHCTPYKILIUU OoJblIIe Impenena OTHECTOUKOCTU CTAaTHUYEeCKH
ompenmenMMOd KOHCTPYKUMM Ha 75 %, ecnu mnijomagb CedeHUud
apMaTyphl Ha OIope, I'ae JAeMCTBYeT OTpULlaTeIbHBIM MOMEHT, OOJIbIIIE,
yeM B mponete, B 1,25 pa3a; Ha 100 % - ecnu B 1,5 pa3a; Ha 125 % -
ecnu B 1,75 pa3a u Ha 150 % - ecnu B 2 pa3a.

BnusHve apMaTyphl Ha omopax y4duThIBaioT, eciu 20 % apMaTypsl
pacmosiokeHo Hapg cepenuHou mmponeTta U 80 % OOBOOUTCS HE MeHee
yeMm Ha 0,41 y kpauiHeun onopsl u He MeHee 0,15] Ha MTPOMEKYTOYHBIX
oropax.

9.12. [Inss Toro 4ToOBI KOHCTPYKIIMS TEMIIEpPAaTypHOTO IIIBa MOTJia
BHIIEPKUBATh BEICOKOTEMIIEpATypPHOE OTrHEBOEe BO3OEUCTBUE IIpU
IoXape W COXpPaHATh OOCTATOYHEBIE TeIJIOU30JIALUOHHBIE CBOUCTBA,
HeoOXO0OUMO 3alloJIHUTh €ro HEeroployYMMH MaTepruajlaMu C HHU3KOU
TENJIONPOBOOHOCTHIO. [[lMprHa TeMIlepaTypHOTO IIIBa AOJI?KHA OBITH He
MmeHee 0,0015], roe [ - paccTosiHHME MeXAy TeMIepaTypHbIMU IIIBAMU.

9.13. Bo Bpems moxapa 3allUTHHINA CJI0M OeTOHa IIpemoXpaHseT
apMaTypy OT OBICTPOTO HarpeBa €e OO0 KPUTUYECKON TeMIlepaTyphl.
IIpenen OTHECTOUKOCTU yBEeJIU4YUBaETCH, eciu MIPUMEHUTH
OTrHe3alllUTHOEe NOKpHITUEe. H3BeCTKOBO-LIEMEHTHas  ILITyKaTypKa
TONMIIMHOU 15 MM, rumcoBast - TonmuHOU 10 MM, BEpMUKYJIUTOBASA -
TOJIIIMHOU 5 MM WU TEeNJIOU30JIALUSA U3 MUHEePaJbHOTO BOJIOKHA
TOJIIIMHOU 5 MM OKBUBAJIEHTHBEl yBeJIWYeHUI0 Ha 10 MM TOJIIIUHEL
3alIUTHOTO CJIOsT TsKejoro OeToHa. OrHe3alllUTHBIE ITOKPBITHUSA,
IIpUMeHsieMEble I [IOBBIIIIeHU [Ipefesia OTHeCTOUMKOCTU KOHCTPYKIIUNY,
TaKKe MOI'yT UMeTh apMUPOBaHUE.

9.14. HpI/I IIPHUMEHEHHMN B CTEHOBBIX IIdaHEJIdX HWIIN IIePEeKPBITHUAX
Tropr4dero yTeliauTelld CcllegyeT MMpegyCMaTPUBAThL OTHE3alllUTY 3TOTO
YTEIIIUTEIIA 110 IIEepUMETPY HECTOPAaE€MEIMU MaTePHUaJlaMU.

9.15. 3achimKu U MO M3 HEropoyYux MaTepuajoB IIpHU
TEIIJIOTEXHUYECKOM pacyeTe BKIIOYAIOTCS B OOIIYIO0 TONIIWUHY MIJIUTH U
TIOBBIIIAIOT €€ TIPelel OTHECTOUKOCTH. ['opiouyne U30ISAIMOHHBIE CIIOH,
yJIOXKEeHHbBIe Ha IIEMEHTHYI0 TIIOATOTOBKY, He CHHUIKAIOT IIpenena
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OTHECTOUKOCTH IIJIUT. IOIIOJTHUTENIbHEIE CJIOU CTSIXKKU U IMITYKATYPKHX
MOTYT OBITH OTHECEHHI K TOJIIITKUHE IIJINUTHI.

9.16. Ilpm KpaTKOBPEMEHHOM BBICOKOTEMIIEPATYPHOM OTHEBOM
BO3OENCTBUM BO BpeMs IIoxKapa B OeTOHe MNpoucxodsT ¢GU3UKO-
XUMHUYECKHE ITPOIIECCH, U3MEHSIOININE eT0 MeXxaHu4YeCcKrue CBOuMCTBa. B
Havajsie nmoxapa npu temieparype mo 200 °C mpouyHocTh OeToHa Ha
CcXKaThe NpaKTUUYeCKU He u3MeHsieTcs. [IpoucxXomsT OOMOJTHUTEIbHAas
rugpaTanus KJIMHKEPHBIX MHWHEPAJIOB U IIOBHIILIEHWE TIPOYHOCTH
3aIloJIHUTEJIEN, YTO YIPOUYHSET CTPYKTypy OeToHa. Ecimm BmaKHOCTH
6etoHa BhIe 3,5 %, TO MpPU OTHEBOM BO3OEUCTBUM U TeMIlepaType
250 °C BO3MOXKHO XpyIKOoe pa3pylreHue OeToHa. C MOBHIIIEHUEM
TeMmriepaTtypbl O6etoHa pgo 350 °C BcnencTBue BBHICHIXaHUS OeTOHa
HaAYMHAIOT O00pa30BBIBATLCS TPEIIUHBI OT TeMIIePaTYpPHOM ycaaKu
O6etoHa (puc. 9.1).
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Puc. 9.1. HapylieHue cTpyKTyphl 6€TOHA IIoCiie
BBICOKOTEMIIEPATYPHOI'0 OTHEBOT'O BO3[IENUCTBUS C TEMIIEPATypPOU

1 - mo 250 °C - B3peIBOOOpa3HOE XPYIKOE pa3pylleHne HapyKHOT'0
crnosi 6eToHa C BJIaxKHOCTHIO 0osiee 3,5 %; 2 - ot 250 go 350 °C - B
6eToHe 00Pa3yI0TCsI B OCHOBHOM TPEIIUHEI OT TEMIIEPATYPHOM yCaIKU
O6eToHa; 3 - 0o 450 °C - B 6eToHEe 00Pa3yl0TCS TPEITUHEI
MIPEUMYIIIECTBEHHO OT Pa3HOCTU TeMIlepaTypPHHBIX AedhopMaluni
IIeMEHTHOI'0 KaMH$ U 3alojiHuTesieu; cBrille 450 °C - HapylleHue
CTPYKTYpPHI OeToHa u3-3a merugpartanuu Ca(OH)2, korga cBobogHast
M3BECTh B IEMEHTHOM KaMHe TaCUTCS Bjaroi Bo3ayxa C yBeJIUdYeHUueM
o6beMa; 4 - cBrille 573 °C - HapylleHue CTPYKTYphl OeTOHa U3-3a
MoOu(pUKalMOHHOTO IIPEBpallleHusI K-KBaplia B B-KBapll B TPaHUTE C
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yBeNuYeHueM o0beMa 3anoIHuTesns; 5 - Brime 750 °C - cTpyKTypa
OeToHa ITOTHOCTHIO Pa3pylIeHa

9.17. Tlpu BBICOKOTEMIIEpPATypHOM BO3deucTBuu CBHIIIEe 350 °C B
CTPYKType OeToHa 00pa3yioTCs ¥ pPa3BUBAIOTCA MUKPOTPEIIWHHI B
KPUCTAIJIN3allMOHHON pelleTKe IIeMEeHTHOTO KaMHsS. BHyTpeHHUe
HalpsXKEeHUsI W  MHKPOTPEILIMHBI, KOTOphle 00pa3ylTcsd IIpHu
HarpeBaHUHU M3-3a pPa3/IU4yUs TeMIlepaTypHBIX medopMaliuii B OETOHE,
CHUMZKAIOT MPOYHOCTh U MOBHIIIAIOT AepopMaTUBHOCTb OETOHA.

[Tocme HarpeBa OeToHa [0 TeMmmepaTtyphl Beimie 450 °C B
OXJIaXKIEeHHOM COCTOSIHMM CBOOOOHas OKHCh Kajibliusd (M3BECTh)
IIEMEHTHOTO KaMH$S TaCUTCS BJIaroy BO3OyXa, NPU 3TOM ITPOUCXOOUT
3HAUYUTEJIbHOE yBenuuyeHrHe oO0beMa MUHepajla C HapylIleHueM
CTPYKTYpHl OeToHa. TeMmmnepaTypHas ycajkKa IIeMEeHTHOTO KaMHS IIpH
OOHOBPEMEHHOM pacCIIMPEHUU 3allOJIHUTEJIeN HapylllaeT CBI3U MeXOy
HUMU U pa3phiBaeT IIeMEHTHBLIM KaMeHb Ha OTHOEeIbHbIe YaCTH.

MopudukalimoHHOE IIpeBpallleHre KPUCTAIJIMYeCKOro a-KBapiia B 3-
KBapll B TpaHuUTe IIpu TeMiepaTtype 573 °C commpoBOXKAaeTCs
3HAYUTEJILHBIM yBeIndeHneM oO0beMa MUHepaia U CHUKEeHUEM
IIPOYHOCTHU 3amnoHuTens. OxnaxaeHre 0eToHa BOOOM IIOCIe moXxKapa
BBI3bIBAET AOTIOIHUTEIPHOE HapylleHHe CTPYKTYPHl B HAaPYKHBIX
cnosix 6eToHa.

[Ipu Temnepatype cBhile 750 °C U3 IeMEeHTHOTO KaMHS yOalisieTcs
XUMHUYECKHU CBs3aHHAs Boda U ITPOMAOJIKAaeT HapylIaTbCA CTPYKTypa
0eToOHa M3-3a Pa3HOCTU TeMIIEPAaTYPHBIX OedopMalluili BSIXKYIIET0 Hu
3all0JIHUTEJIEN.

9.18. B apmatype knaccos A240, A300, A400 u A500 nocyie Harpesa
mo 600 °C, knmaccoB A540, A600, A800, A1000 mocne Harpena go 400
°C m kmaccoB B500, Bp1200 - Bp1500, K1400 - K1500 mmocnie Harpesa
mo 300 °C npO4YHOCTHBIE CBOKMCTBA BOCCTAaHaBJIMBAIOTCH.

9.19. [Ins obecriedyeHUsT OTHECOXPAHHOCTU U PEMOHTOIIPUTOOHOCTHU
Kene300eTOHHOM KOHCTPYKIIMM TOCJie IoxXapa HeoO0XO0auMo, 4YTOOH
pas3pymiawiui ciaoi 6eToHa, Harpetwi mo 450 °C, mocie moxapa He
OKa3bIBaJI BIUSIHUS Ha JaJIbHEUIIYI0 3KCIJIyaTaluio KOHCTPYKIUU. ITO
MOZKHO 00€CIIeYMTh PacCTOSIHUEM OT OCH apMaTyphl 10 HarpeBaeMou
rpaHu.

9.20. [Ipu cTaHOAPTHOM MHOXKape OIUTENbHOCThI0 90 MUH pacCTOSHUE
OT OCHU apMaTyphl IO HarpeBaeMol rpaHu OeTOHa OOJIKHO OBITh HE
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MeHee 35 MM, ripu 120 MuH - 45 mM, npu 150 muH - 55 MM, npu 180
MUH - 60 MM ¥ ripu 240 MUH - 75 MM C Y4€TOM CJIOS IITYKaTypPKH.

9.21. Bo u3bexaHUe BBHITyYHWBaAHUS IIPOAOJILHOM apMaTyphl IIPU ee
HarpeBe BO BpeMs TIIOoXapa HeoOXOOWUMO  THIPemyCMOTPEThb
KOHCTPYKTHBHOE  apMHUPOBaHME XOMyTaMM UM  IIOIIEPEYHBIMU
CTEPXKHSIMU.

9.22. KOHCTPyUpPOBaHUE 3IEMEHTOB [OJIKHO O0ECIeYuTb Harpes
HeHallpsAiraeMoM apMaTyphl BO BpeMs Ioxkapa He 0Oomee 500 °C,
IIpeaBapuUTEIbHO HAIIPSXKEeHHOM apMaTypH - He 6osiee 100 °C.

9.23. Ecnmu ¢dakTuyeckue nporud® U pacKpeITUE TPEIIWH IIOCIe
IoKapa IIPEBHIIIAIOT [AOIMYCTUMble 3HAUYEHHUSI, HO He NPENSATCTBYIOT
HOPMaJIbHOM 3KCIIJTyaTalluM 30aHUS U COOPYKEHUSs, OOIIyCKaeTCs He
IpegycMaTpuBaTh YCUIEHNEe KOHCTPYKIUM MO0 CHUXKEeHME Harpy3KHU.

10. IIOACHEHMHA K ITPUIO2KEHUAM

IIpunoxenue A. TenmoTexHUYECKMM pacuyeTOM OIpefaeiieHa
TeMnepaT%pa B IUIUTaX U CTEHaX M3 TAXKEIOoro O0eTOHa MJIOTHOCTHIO
2350 Kr/m”, B1azKHOCTBIO [0 2,5-3,0 %, Ha CUIUKATHOM M KapOOHaTHOM
3al0JIHUTETISAX.

TeMmmnepaTypy ocu apmatypbl ts (puc. A.1-A.4) OpuUHUMAKOT 10
TeMIepaType OeTOHa Ha PaCCTOSTHUU OT HarpeBaeMOU IOBEPXHOCTH [0
OCH apMaTypHL.

[Ipemen OTHECTOMKOCTH IIO TIOTepe HeCylled CI0COOHOCTHU
yCTaHaBJIMBAIOT II0 TOYKe IlepecedyeHMus TOPU30HTAIbHOU IPSMOM Ha
YPOBHE KPUTHUUECKOU TeMIiepaTyphl O0eTOHa th,cr C KPHUBOU IIpOrpeBa
cnosg OGeToHa TOJIIUHOM at OT oOoTrpeBaeMOl IOBEPXHOCTHU [0 OCHU
PacTSHYTOM apMaTypHl.

[Ipemen OTHECTOMKOCTHM MHOTOMYCTOTHBIX U PEOPUCTBHIX MJUT C
pebpaMu BBepx CleOyeT OIpenessaTh KaK [ CIUIOUIHBIX IIIUT C
Ko3appuiuertom 0,9.

TemnepaTypa TsaXkesjnoro 0eTOHa Ha CHUJIMKATHOM 3allOJIHUTENE B
mute BeicoToM 200 MM Ha mpoduIMpPOBAaHHOM HaCTHJIe yKa3aHa Ha
puc. A.5 u A.6. Temrniepatypa nporpeBa 0eToHa B IIZIUTax M CTeHaxX
BeIicOTOM (TommimuolM) 200 MM u 0Oojlee M OTHEBOM BO3[EHCTBUU
OIuTenbHOCTHIO 240 MUH JaHa Ha puc. A.7.
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IIpunoxenue b. TenmorexHUWYECKUM pPacyeTOM OIIpeaesieHbl
TEMIIEPATYPhl B TAXKeJOoM OeTOHE C CUJIMKATHBIM 3alOJIHUTEIEM
m0THOCTBI0 2000-2400 Kr/M° ¥ BIakHOCTBIO 2-3 % MIpU CTaHOApPTHOM
nmoxkape. TeMmmepaTypy B TsxXelnoM OeToHe C KapOOHaTHHIM
3alloJIHUTEJIEM CJiefyeT omnpenensaTh ¢ Koapdumuertom 0,9 1o
3HAUYEHUIO TeMIlepaTyphl, IPUBEOEHHON B HOMOIpaMMax:

- V151 IPSIMOYT OJIbHEIX GaJloOK CeYeHUeM:
oT 160x320 MM o 240x1000 MM (puc. B.1);
oT 300500 MM o 600%1500 MM (puc. B.2);

- OJI IBYTABPOBHLIX OAJIOK C HIMPUHOM ITOJIKU:

240 mm (puc. B.3); 360 MM (puc. b.4);

- [JIs1 KOJIOHH CeYeHUueM:

ot 200%x200 MM go 260x260 (puc. B.5);
ot 300x300 MM mo 390%390 (puc. B.6);
oT 400x400 mM u 60mnee (puc. b.7).

TemnepaTypy mnporpeBa 0OeToHa, IMMPUBEAEHHYIO B IIPUJIOKEHUSIX A
u B, UCnonp3yloT OpU pacyeTe OTHECTOMKOCTH U OTHECOXPaHHOCTHU
Kene300eTOHHBIX KOHCTPYKLUMWM JKMUJIBIX, T'PaXKOaHCKUX, CIIOPTUBHHIX,
aOMUHUCTPATUBHBIX, IIPOMBIIIIEHHBIX 3OaHUW H© COOPYXKEHUU U
TOHHeJeu wMeTpo. [ Kene300eTOHHBIX KOHCTPYKIIUM aBTO- U
KeJIe3HOOOPOXKHBIX TOHHEJEeH, B KOTOPBIX IIE€PEBO3AT TOpHYHue
KHUOKOCTH, OONYyCKaeTCsa 3HAYeHHUs TeMIlepaTyphl YMHOXaTh Ha 1,1,
a IIpu IIepeBO3Ke YTJIeBOOOPOOHBIX ra30oB - Ha 1,2. 1A CKIagCKHUX
IIOMEIleHUN [OJisd XpaHeHWs KaydyKa, CHUHTETUYECKHUX MaTepuasios,
MaceJl, TaKOB, KPacoK, CKHUKEHHOro ralda, Oymaru, 3epHa U MyKH - Ha
1,25. TemnepaTtypy O6eToHa B mnuTax, 0ajkKax X KOJIOHHaX, UMEOIINX
IIPOMEKYTOYHBIE pa3Mephl WU OOJbIle YKa3aHHBIX B MPUIOKEHUIX
A wu b, ponyckaeTcs UHTepHOIUpoBaTh. [JIs1 KOJIOHH KpPYIJIOTO
[IOIIEPEYHOI0 CeYeHHUs [ONyCKaeTCsd H3MEHEeHHe TeMIepaTyphl II0
paguycy KOJIOHHBI NOpPUHUMAaTh TaK XKe, KaK U II0 OCHU CTOPOHEI
KBaOpaTHOUW KOJIOHHBEI.
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IIpunoxenue A

TEMIIEPATYPA ITPOT'PEBA BETOHA B II'ITUTAX U CTEHAX
IIPU OMHOCTOPOHHEM OTHEBOM BO3IEUCTBUU

CTAHIOAPTHOI'O ITO2KAPA
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IIuTenbHOCTH CTAHIAPTHOTO MOXKapa, MUH

Puc. A.1. TemIiepaTypa IporpeBa TsxkKenoro 6eToHa Ha CUJIMKAaTHOM
3alI0JIHUTEJIE B IIJINTAaX U CcTeHaX BrIcoToU ceueHud 40, 60, 80, 100 u
120 MM 1Ipu OOMHOCTOPOHHEM OTHEBOM BO3[OE€UCTBUU

0-120 - rnyO6uHa nporpeBa 6eTOHA OT HarpeBaeMo MMOBEPXHOCTHU
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[IuTenbHOCTH CTAHAAPTHOTO MOXKapa, MUH

Puc. A.2. TeMnepaTypa OporpeBa TsKeJioro 6eToHa Ha CUIUKATHOM
3al0JIHUTeEJIe B IIJIUTAX U cTeHaX BeicoTou ceuenuda 140, 160, 180 u
200 MM Ipu OOHOCTOPOHHEM OTHEBOM BO3OEMCTBUU

0-200 - rnyOuHa nporpeBa 6eTOHA OT HarpeBaeMoOM ITOBEPXHOCTHU
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I IuTenbHOCTD CTaHOApPTHOTI'O IT02Kapa, MHUH

Puc. A.3. TeMnepaTypa OporpeBa Ts2Kenoro 6eToHa Ha KapO0OHATHOM 3alOJTHUTEeJIe
B IIJIUTaxX U CTeHax BeicoTol ceuenud 40, 60, 80, 100 u 120 MM Ipu OGHOCTOPOHHEM
OTHEBOM BO3IENCTBUU

0-120 - rnyObuHa nporpeBa 6eTOHA OT HarpeBaeMOM ITOBEPXHOCTHU

-
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I IuTenbHOCTD CTaHOApPTHOTI'O I102Kapa, MHUH

Puc. A.4. TemnepaTtypa ITporpeBa TsKeJioro 6eToHa Ha KapOOHaTHOM
3aIlOoJIHUTEJIe B IJINTaX U CTeHaX BricoTou ceuenusa 140, 160, 180 u
200 MM Ipu OOHOCTOPOHHEM OTHEBOM BO3OEMCTBUU

0-200 - rnyOuHa nporpeBa 6eTOHA OT HarpeBaeMOM ITOBEPXHOCTHU
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Puc. A.5. TemnepaTtypa IIporpesa TsxKeJjoro 6eToHa Ha CUJTUKaTHOM
3aIl0JIHUTEJIE B MJIUTaX Ha NpoduInupoBaHHOM HacTtuie (1) mpu
OOHOCTOPOHHEM OTHEBOM BO3[EUCTBUH OJINUTEIbHOCTHIO 60 1 100 MuH
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Puc. A.6. TemnepaTtypa Iporpesa 0eToHa B IIJIUTE Ha
npodunrupoBaHHOM HacTuie (1) mpu ogHOCTOPOHHEM OTHEBOM
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Puc. A.7. TemnepaTtypa ImporpeBa 0eTOHa B IIUTaX (CTeHaX) BLICOTOU
(TommuHOM) 60mee 200 MM IpU OOHOCTOPOHHEM BO3[IEMCTBUH OTHS
IJINTENIbHOCTBIO 240 MUH

IIpunoxenue b

TEMIIEPATYPA ITPOTPEBA BETOHA B BAJIKAX A

KOJIOHHAX
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Puc. B.1. I30TepMbI B O€TOHE Ha CUJIMKATHOM 3alloJIHUTEJIe 0aloK
mupuHou 160-240 mMm u BeicoTOM 320-1000 MM mpu TPEXCTOPOHHEM
OTHEBOM BO3[EUCTBUU CTaHOAPTHOIO moXxapa AnuTtenabHoCcThio 30, 60,
90 u 120 MuH

-
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Puc B.2. U30TepMHl B 6eToHe Oanok mumpuHoi 300-540 MM U BHICOTOM
600-1500 MM nIpu TPEXCTOPOHHEM OTHEBOM BO3[E€UCTBUU
CTaHOAPTHOTO HoxKapa gnurenbHocThio 30, 60, 90, 120, 180 u 240
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Puc. B.3. TemmniepaTypa nporpeBa 6eToHa B IBYTaBPOBLIX OaKax C
IMUPUHOM MOJIOK 240 MM U cTeHKOM 80 MM IIPU TPEXCTOPOHHEM
OTHEBOM BO3[eMCTBUU OJIUTeNIbHOCTLIO 30 1 60 MUH
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Puc. B.4. TemrniepaTypa nporpeBa 6eToHa Ha CUJIMKAQTHOM 3aIllOJITHUTEIIE
B IBYTABPOBBIX Oa/lKax C IIUPUHOM ITOJIOK 360 MM U BHEICOTOM

a - 80-60 mm; 6 - 80- 120 MM pu TPEXCTOPOHHEM OTHEBOM
Bo3pgencTBuu gnutenbHOCTHIO 30, 60, 90 m 120 MmuH
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Puc. B.5. TeMnepaTypa nporpeBa 6eToHa B KOJIOHHAaX CeYeHUEeM OT

200%x200 MM mo 260%x260 MM IIpU YEeTHIPEXCTOPOHHEM BO3OEHCTBUU
nmoxkapa anutenbHocThio 30, 60 u 90 Mmun
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Puc. B.6. I130TepMbl B 6eTOoHE KOJIOHHEI cedeHreM oT 300x300 MM fo
390x390 MM IpU YeTHIPEXCTOPOHHEM BO34EUCTBUU IT0XKapa
onutenbHOCTHIO 30, 60, 90, 120, 180 u 240 Mmun
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Puc. B.7. TeMmmniepaTypa nporpeBa 6eToHa B KOJIOHHAaX CEYeHUEM
400x400 mM u 60J1ee IPU YEeTHIPEXCTOPOHHEM BO3OENCTBUU IT0XKapa
onutenbHOCThIO 30, 60, 90, 120, 180 u 240 MmuH

IIpunoxenue B

OCHOBHBIE BYKBEHHBIE OBO3HAYEHUA

Ycuausi oT Harpy3KH M TEeMIIepaTyphl B IONMEPEeYHOM CeYeHHH
3/IEMEHTa IIPH OTHEeBOM BO3I€eHCTBHH

Mp, M, - wusrubalionmi MOMEHT OT HOPMATHUBHOM U pacyeTHOH
M; Harpy3okK ¥ OT TeMOepaTypel B pe3yJabTaTe OTHEBOI'O
BO3[0EUCTBUS;

Nn, N, Nt - npofmosyibHas cCujla OT HOpMaTUBHOU U paCUYeTHOU Harpy3okK
U OT TeMIlepaTyphl B pe3yJibTaTe OrTHEBOI'O BO3IEUCTBUSA;

Qn, Q, Q¢ - morepeyHas cujia OT HOpMaTUBHOU ¥ PaCYeTHOU Harpy30K
U OT TeMIepaTypsl B pe3yabTaTe OTHEBOTO BO3OENCTBUS;

u - IJINTEJIbBHOCTh CTaHOAPTHOI'O I102Kapa;

Rpnt = - HOpPMaTHMBHOE M pacyeTHOe COIPOTHUBICHHS OeToHa
Rpnybt CIKaATHIO;

Rp,tem =
Rpybt

Rptnt = - HOPMATHBHOE U pacyeTHOe COIIPOTUBJIEHUS OeToHa
Rptnytt pacTsaXkKeHUIO;

Rptt =
Rbtytt

Rsnt = - HOpMaATHWBHOE ¥ pPACYETHOE COIIPOTUBIIEHUA apMaTyphl
Rsnyst pacCTAXEHUIo;

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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Rst =
Rsyst

Rsct =
Rscyst

stt =
Rswyst

Ept =
EbBb

Ebt
Est =

EsBs

Ybt, Vit

Vst

Yst,cr

Bb, Bs

®b,cr

abt, Acs,

st

Et, €sc

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe

- pacyeTHOEe COIPOTUBIIEHNE apMaTypPHl CKATHIO;

- pacdeTHOE IO EepeYHOouU

PacCTAXKEeHHNIO,;

CONIPOTHUBIIEHUE apMaTyphl

MOAYJIb YIPYTOCTU OETOHA;

Momaynb gedopMaliuy 6eTOHA;

MOAYJIb YIPYTOCTU apMaTyPhI;

- K03hPUIIMEHTHl YCIOBUM paboThl OeTOHA IIPU CXKATUU U
PaCTSIXKEHUU;

- K09DDUITMEHT yCJIoBUM pabOThl apMaTypPhl IPU CXKATUU U
pPacTIXKEeHUU;

- KpUTHUUYECKOe 3HadyeHUe Kod3pGUuIMeHTa yCI0oBUM pabOoTHI
PacTIHYTOM apMaTyphl;

- KO03pGUUUEHTH, YYUTHIBAIOIIME W3MEHEHUS MOAyneu
yIIpyroctu 6eToOHa U apMaTypPhI;

- KO9DDUITMEHT MOJI3YYEeCTH CKAaTOro OETOHa;

- Ko3(poduimeHTHl ~ TeMIepaTypHOM U  yCamO4YHOMU
nedopmanmu OeToHa UM TeMIlepaTypHoOu pedopMaluu
apMaTypHhl;

- TeMmepaTypHas mOedopmarusa u gedopMalvyd  yCaaKH
0eToHa;

206
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A, C, ared - KO3GGUUUEHTHI TEIJIOMPOBOAHOCTH, TEIJI0EMKOCTH
OeToHa ¥ apMaTypbl U TIPUBEOEHHBIH KO3GPUIIMEHT
TEMIIEPATYPOITPOBOAHOCTH OETOHA;

€p0, €p2 - TIpedeNibHbIe OTHOCUTENbHBIE Aedopmalruu OeTOHa IIPHU
OCEBOM CXKATUU U OOHOPOJHOM HANPSIXKEHHOM COCTOSHUU
M KpalHero BOJIOKHa OeTOHa CXKaTOW 30HBI IIpPHU
HEOOHOPOOHOM HaIIPSIKEHHOM COCTOSTHUU;

€s0, €s2 - OTHOCUTENbHEBIE nedopMaluu apMaTyphl pu
HaIpPsSI2KEeHUH, paBHOM Rst;

Ew - pacCTOsTHUE MEXKIOY XOMYyTaMU;
e, e' - pacCTOosiHHEe OT TOYKH NPUJIOKEHHUS MPOOOIbHOU CUIBl N
oo PaBHOOENCTBYIOIIEN YCUJIUU B apmartype
COOTBETCTBEHHO S U S';
eo - OKCIEHTPUCUTET MNPOHAOJIbLHOM CUNIBI N OTHOCUTEIBHO
IIeHTPa TSIXKEeCTU IIPUBEIEHHOT0 CEUYeHHUs.
T'eoMeTpHUUYEeCKHE XapaKTEPUCTHKH
a, a' - pacCcTosiHHMe OT PaBHOOEUCTBYIOIIEN YCUIIUK B apMaType S
u S' mo GnuzKauiel rpaHd CeYeHus;
at - rmyOuHa nmporpeBa 0eToHa OO0 KPUTUYECKOUW TEMIIepaTyphl
tb,cr;
hot - pabouyasi BLICOTA CeYeHHsI NPU HarpeBe OeTOHaA CxKaTou
30HHI 10 KPUTUUECKOU TeMIlepaTyphl OeToHa th,cr;
th, ts - TemmepaTypa O0eTOHa ¥ apMaTypPHhl;
bt - IIMpWHA MNOpPAMOYTOJILHOTO CeudeHus, MmIUpuHa pebpa

TaBPOBOTO U OIBYTAaBPOBOT'0 CEYEHUM ITPpU HarpeBe OeToHa [0
KPUTHUYECKOU TeMIIepaTypPhl;

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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b'ft - ImIMPWHA MOJKH TABPOBOTO M [BYTAaBPOBOTO CEYEHUM B
CXKaTOW 30He IIPU HarpeBe OeTOHaA OO KPUTHUYECKOHU
TeMIIePaTyPHI.

COPTAMEHT APMATYPbI

IIpunoxenue I

2 IurameTp
PacyeTHas niomanb IOIEPEYHOr0 CTEPKHSA, MM“, IPU
. TeopeTtu- apMaTyphl
4HCJie CTepPXKHEN
_ yeckas KJIaCCOB
HomunanbHbeIM
Macca 1 m
IuaMeTp
CTEPXKHS, MM FUTHELEL
' apMaTyphI, |A240,
1 2 3 4 5 6 7 8 9 KT A400,|A300|B5C
A500
3 7,1 (14,1121,2|28,3|35,3(42,4|49,5]| 56,5| 63,6 0,052 - - +
4 12,6 |25,1137,7(50,2(62,8| 75,4 | 87,9 {100,5| 113 0,092 - - +
5 19,6 (39,3(58,9|78,5|98,2|117,8(137,5|157,1|176,7 0,144 - - +
6 28,3 57 | 85 | 113|141 | 170 | 198 | 226 | 254 0,222 + - +
8 50,3 1101 | 151|201 | 251 | 302 | 352 | 402 | 453 0,395 + - +
10 78,5 1157|236 | 314 | 393 | 471 | 550 | 628 | 707 0,617 + + +
12 113,1(226| 339 | 452 | 565 | 679 | 792 | 905 | 1018 0,888 + + +
14 153,9(308| 462 | 616 | 769 | 923 |1077|1231|1385 1,208 + + -
16 201,11402| 603 | 804 (1005|1206 1407|1608 1810 1,578 + + -
m PazMEWEHNE PEKNaKE] B L0KYMEHTaX W Ha calTe
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18 254,5(509| 763 [1018(1272(1527 11781 (2036|2290 1,998 + + -
20 314,21628 (942 [1256|1571|1885|2199 (2513|2828 2,466 + + -
22 380,11 760(1140(1520|1900|2281| 2661 [ 3041 | 3421 2,984 + + -
2 Orame
PacueTHas mnoiiagb IMOIEPEYHOT0 CTEPXKHSA, MM, TIPU YHUCIIE
. Teopetu- apMar
CTEepXKHeN
. yeckas KJIacC
HoMuHanbHBIN
Macca 1 M
IuaMeTp
CTEPXKHS, MM FUTHEET
' apMmartyptl, |A240,
1 2 3 4 5 6 7 8 9 KT A400,|A30
A500
25 490,91 982 | 1473 | 1963 | 2454 | 2945 | 3436 | 3927 | 4418 3,84 + +
28 615,8 |1232] 1847 | 2463 | 3079 | 3685 | 4310 | 4926 | 5542 4,83 + +
32 804,3 |1609| 2413 | 3217 | 4021 | 4826 | 5630 | 6434 | 7238 6,31 + +
36 1017,9(/2036| 3054 | 4072 | 5089 | 6107 | 7125 | 8143 | 9161 7,99 + +
40 1256,6(2513| 3770 | 5027 | 6283 | 7540 | 8796 |10053|11310 9,865 + +
45 1590,4(3181( 4771 | 6362 | 7952 | 9542 (11133|12723|14313 12,49 - +
50 1963,5(3927( 5891 | 7854 | 9818 [11781|13745|15708(17672 15,41 - +
55 2376 |4752| 7128 | 9504 |11880|14256|16632|19008(21384 18,65 - +
60 2827 |5654| 8481 |11308|14135]|16962(19789(22616(25443 22,19 - +
70 3848 |7696|11544115392]19240(23088(26936(30784(34632 30,46 - +
r‘!\ PazHeleHHe PEKNAKE] B JOKYHMEHTAX M HA CalTe
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CTO

Harpy3ku u BO3[0elCTBUS.

[ToxkapHasi 6e30ITaCHOCTh 3JaHUM U COOPYKEHUMH.

BeToHHBIE H Kejle300eTOHHBIE KOHCTPYKIIWH.
OCHOBHEIE TIOJIOKEHHUS.

BeToHHBIE U XKeJe300eTOHHBIE KOHCTPYKIINU 0e3
IIPeaBapUTEILHOTO HANPSIKEeHUsT apMaTyPHI.

[IpenBapuTEIbHO HaIpsiXKeHHbIe
Kene300eTOHHBIE KOHCTPYKIIUY.

XKene3o6eTOHHbBIE MOHOJIMTHBIE KOHCTPYKIIUU
30aHUM.

[TpaBuma 1o o0ecledYeHUi0 OTHECTOMKOCTH U

36554501-006-2006 orHeCOXpPaHHOCTH XKene300eTOHHBIX

I'OCT 12.1.033-81

['OCT 30247.1-94
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KOHCTPYKIIUU.

NHCTpyKIUAa 1O pacyeTy PaKTUUYECKUX IIPEeaesioB
OTHECTOMKOCTU KeJie300€TOHHBIX KOHCTPYKLIUH
Ha OCHOBe HOBBIX TpebGoBanuit CHull /BHUHUIIO
MBI CCCP. - M, 1985.

CCBT. IloxkapHasi 6e300aCHOCTb. TepMHUHBI U
OIlpeneeHus.

KoHcTpyKiInu CTPOUTENBHEIE. MeTonnr
WCOBITAHUSA Ha OTHEeCTOMKOCTh. Hecylque u
orpaxpnarliirue KOHCTPYKIIUU.
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['OCT 30403-96

MI'CH 4.19-2005

MI'CH 4.04-94

TCH 102-00

IIpenucrnoBue

KOHCTpYKI_II/II/I CTPOUTEJILHEIE. MeTomml
oripenesieHusd HO}KapHOfI OIIaCHOCTH.

BpeMeHHBIe HOPMBI U IIpaBuUjia IPOEKTUPOBaHUS
MHOTOQYHKIIMOHAJIbHBIX BBICOTHBIX 3H0aHUU U
30aHUuMN-KOMIIJIEKCOB B ropoge MocCkKBe.

MHO]"O(l)YHKLII/IOHaJ'IBHBIe 30aHUA U KOMIIJIEKCHI.

XKemne3o06eToHHBIE KOHCTPYKIIMKM C apMaTypou
kyaccoB A500C u A400C.

Eurocode 2: Design of Concrete Structures. Pat
10: Structural Fire Design. - Draft April, 1990.

MuwunoBaHOB A.D. XKene3zobeToHHBIE
TEeMIIepaTypoOCTOUKNUE KOHCTPyKuuu. - M., 2005.

MuwunoBaHOB AOD. OruecTouKoCTh
Kene300eTOHHBIX KOHCTPYKIUH. - M., 2005.

ITocobue 1o IIPOEKTHUPOBAHUWIO OETOHHBIX ¥
KeJ1e300eTOHHBIX KOHCprKHHfI U3 TAXKEIIOTO

OeToHa 0e3 NpemBapUTENBHOTO HANPSIKEHUS
apmatypsl (K CIT 52-101-2003). - M., 2005.

CopepkaHue

1. OCHOBHBIE TTOJIOKEHW A

2. MATEPUAJIBI 14 XKEJTE30BETOHHBIX KOHCTPYKITUH

HOQMaTI/IBHBIe W PAaCYETHBhIE€ XaPAKTEPHUCTUKHN OeToHa
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HOpMaTI/IBHbIe W PDACYETHBIE XdPAKTEPUCTUKH aPMATYPEL

3. TEHJ’IOTEvXHI/I‘-IECKI/II;I PACYET KEJIESOBETOHHDBIX
KOHCTPYKIIVH

4. OITPENEJIEHWE TIPEJTEJIA OFI:IECTOI;IKOCTI/I [IJINT, CTEH I1O
I[TIOTEPE TEIIJIOWU3OJIMPYIOMIEW CITIOCOBEHOCTH

5. PACYET MMPEJEJA OTHECTOMKOCTH I10 IIOTEPE HECYIIIEN
CIIOCOBHOCTH

OCHOBHEIE YCIIOBUSA

[InuThl 6am0YHBIE CBOOOIHO OIEPTHIE
MHOTONYCTOTHBIE IIIIUTHI
HepaspesHbie ¥ KOHCOJILHBIE TIIUTHI

I[InuTEL 0e30aJI0YHOTr0 IIEePEKPBITUA OJIA MaJIO3TAXKHOT' O
CTPOUTEIILCTBA

[1auTE 6AIOYHOTO IEePEKPLITH

Banky cBOOGOOHO OEepTHIE

HepaspesHwie 6anku

OrHEeCTOHNKOCTh BHEIIEHTPEHHO CXKATBIX JKeIe300eTOHHBIX 39JIEMEHTOB
KOoIOHHBI TPAMOYTOJILHOTO CeYEeHUST

KoIOHHEI IBYTABPOBOTO CEYEHUS

KOIOHHEI KPYILJIOTO CeYEeHNST

Hecvinnue cTeHbI

OrHecTOMKOCTD IIEeHTPaJIIbHO n BHEIIEHTPEHHO PACTAHYTHIX
QJIEMEHTOB

OrHecTOMKOCTD Kene300eTOHHBIX 3JIEMEHTOB npu OEeNCTBUU
IIOTIEePEYHbBIX CHUJII
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OrHEeCTOMKOCTh CTaTUYECKH HeOolpeoeIMMbBIX KOHCTPYKIIUN
OrHecTOMKOCTD KeJ1e300eTOHHBIX [IIUT IIPY IPOJaBIVBaHUN
IloTepu npenBapUTEeNbHOr0 HANPAXKEHWd B apMaType [IPY rmoxkape
6. PACYHET IMEJIOCTHOCTH BETOHA ITPH TTO2KAPE

7. OTHECOXPAHHOCTB JKEJIE30BETOHHEIX KOHCTPVKIIUN
IIOCIJIE TTO2KAPA

ITpOYHOCTE 1moce moxKapa

8. OTHECTOMKOCTE U OTHECOXPAHHOCTD
KEJE30BETOHHBIX 3JIEMEHTOB HA OCHOBE HEIWHENHOW

MEOOPMAIIMOHHOU MOIEJIIU

9. KOHCTPYKTHBHBIE TPEBOBAHW A, TTOBBIITAIOIIWE ITPEJTE]I
OI'HECTOHMKOCTH ¥ OBECITEYHMBAIOIIWE O'HECOXPAHHOCTD
ZKEJIESBOBETOHHBIX KOHCTPYKITWUW

10. ITOACHEHWA K IMTPUJIOKEHWUAM

ITpunoxenve A TEMIIEPATYVPA TIPOI'PEBA BETOHA B IIJIMTAX
U CTEHAX TP OOHOCTOPOHHEM OI'HEBOM BO3INEWCTBUMU
CTAHIOAPTHOI'O ITO2KAPA

IIpunoxenue b TEMIIEPATYPA TTPOI'PEBA BFETOHA B BFAJIKAX Y
KOJIOHHAX

[Tpunoxenve B OCHOBHBIE BYKBEHHBIE OBO3HAYEHWA

I[Ipunoxenve I' COPTAMEHT APMATYPHI
CIIUCOK JIUTEPATYPHBI
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