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IIpeaucioBue

Lenu n 3anauu pa3paboTKy, a TAKKe MCIONB30OBAHUS CTAHAAPTOB opraHu3auuii B PO ycra-
HobieHb! PenepaibHBIM 3aKOHOM oT 27 nexabpst 2002 r. Ne 184-D3 «O TeXHHYECKOM pery/MpoBa-
HHMW», a Ipasuia pa3paborku u opopmnernus — ['OCT P 1.0—2004 «Cranpaprusanus B Poccuii-
ckoit @enepanun. OcHoBHble nonoxeHns» 1 TOCT P 1.4—2004 «Cranpaptusauus B Poccuiickoii
®epepanun. CtaHmapTel opraHu3anuif. O0LIMe MONOXEHHSI»

Ceenenus o crasagapre:

1 PaspaGoTtaH 1 BHECEH 1abopaTopueill TEMIIEPaTyPOCTOMKOCTH M IUArHOCTUKY OETOHA U Xe-
ne3o6eToHHbIX KoHCTpYKUuit HUMXDB — dunuanom OTYIT «HUL «CTpoUTENbCTBO» M IPYIIION
CIENUanUCTOB (I-p TexH. HayK A.D. Muaosaros, KaHOUIATH TexH. HayK B.B. Coromonoe, H.C. Ky3-
neyosa, uux. O.11. bapanosa).

2 PexoMeHIOBaH K IPUHATHIO KOHCTPYKTOPCKOM CEeKUMEN HAyYHO-TEXHHWYECKOTO COBETa
HUUWXB ot 13 urona 2006 r.

3 VTBepXIeH U BBeIEH B JeHCTBUE NMPUKA30OM H.O0. TreHepalbHOro aupekropa ®IYIT «<HUILL
CrpountennctBo» 0T 20 okrsiopsa 2006 r. Ne 156,
4 B3AMEH:

«MIC 21-2.2000 «MeToaryeckue peKOMEHAALMHU 10 PpacyeTy OTHECTOMKOCTH U OFHECOXPaH-
HOCTH X€J1€3006 TOHHBIX KOHCTPYKIIMiT»,

«[Toco6ust IO ONpeeNeHUIO NMPENEIOB OTHECTOMKOCTH KOHCTPYKIMHA, MIPeaeioB pacipocTpa-
HEeHUsl OTHS W IPYIIIT BO3rOPaeMOCTH MaTepHAIOB» B YACTH XeJIe300€TOHHBIX KOHCTPYKLIMIA.

«PeKOMEeHIALIMI 110 3a11UTe GETOHHBIX M XKele300e TOHHbIX KOHCTPYKIMIA OT XpYIKOTO pa3py-
[IEHUS [IPY IIOXAPE»,

«PexoMeHpanmit 1o MpoeKTUPOBAHNIO MHOTOITYCTOTHEIX IUTUT NEPEKPBITUI ¢ TpeOyeMBIM mpe-
JEeJIOM OrHECTOMKOCTH».

«PekoMeHIaIuit 1o pacyeTy MpenenoB OTHECTOMKOCTH OETOHHBIX M XeJiIe300€TOHHBIX KOHCT-
PYKLMI».

3amevanus u npennoxenus ciaenyer nanpapisats B HUVDKE — dwman ®T'YIT «<HHULL «Crpou-
TenseTBo» (T/ 174-77-24; 174-71-39, 174-71-34)

Hacrosanmii cranpapr He MoxeT OBITL NOJHOCTLIO WM YACTHYHO BOCHPOM3BEACH, THPAXKHPOBAH M pac-
NPOCTpaHeH B KaYecTse HOPMATHBHOIO JOKyMenTa §e3 paspemenns OI'VII «HUII «Crponremncreo».

IIpuMenense HACTOAIMIErO CTAHAAPTA CIIEYeT OCYIICCTBIATh Ha 6a3e porosopa ¢ PTVII «<HUII «Crpou-
TEJALCTBO», 9TO onpeaeiieno nonoxenusmu 'OCT P 1.4—2004

© OI'YIl «<HUL «Crpountenscrso», 2006
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Bsenenue

Crangapt opranusauun «[Ipasmia mo o6ecrieyeHU0 OrHeCTOMKOCTH U OT-
HECOXPaHHOCTH XKene300eTOHHBIX KOHCTPYKLMi» pa3paboTaH B COOTBETCTBUU C
tpedoBanmamu CHull 52-01 v CHuIT 21-01, HopM MexnyHapomHbIX OpraHu3a-
UM MO CTAHAAPTU3ALMU U HOPMUPOBAHUIO.

OcHoBHBIMU OTNMYUsAMU MojioxeHuit CTO oT pa3paGoTaHHEIX paHee pe-
KOMEHIAaUMil, MHCTPYKUMUI U MOCOOUI SBISIOTCS:

npuopuretHocTh TpeGoBaHuit CHuII 52-01 u CHull 21-01 o cpaBHeHHIO
C JAPYTUMM HOPMATUBHBIMU TpeOGOBaHUSIMM;

NPUMEHUMOCTh NMPOTHBOMOXAPHEIX TpeOOBaHUIT K OOBEKTaM 3aLiUTH Ha
CTaIUY NPOCKTUPOBaHUSA, CTPOUTENBCTBA U IKCIUIyaTalMy, BKIIOYAs PEKOHCT-
PYKUIUIO U PEMOHT;

I7aBHBle TPeOOBaHUA K OETOHY U apMmaType, K AuarpaMmmam JedopMypoBa-
HUS OeTOHA Ha CXXaTue M apMaTyphl Ha CXXaTHE W PACTSKEHWs OT OTHEBOTO BO3-
neicTBus mpu temmeparypax go 800 °C kak B HarpeToM COCTOSIHMM BO BpeMsS
roXxapa, Tak ¥ B OXJIAXISHHOM COCTOSHHU IMOC/e MOoXapa;

KOHCTPYKTUBHbIE TPeOOBaHUS, MTOBHIIAIOUIME MTPeNeAbl OrHECTOMKOCTU U
OTHECOXPAHHOCTU XKeNe300€TOHHBIX KOHCTPYKLIUIA;

OCHOBHbIE TPEGOBaHUS K PacyeTy OTHECOXPAHHOCTH XeJIe306€ TOHHBIX KOH-
CTPYKLUH, [TOBPEXIEHHBIX [10XAPOM, C LIENbI0 YCTAHOBIEHUS BO3MOXHOCTH MX
JaJIbHEA1UEN 3KCIUTyaTalluK.

ITpuBeneHHBIE METONBI PacyeTa NMpeaeioB OTHECTOMKOCTH M OTHECOXPaHHO-
CTH XeJIe300€TOHHBIX KOHCTPYKLMI MO3BOJISIIOT YCTAaHABJIMBATD UX YX€ NIPY MPOeK-
THPOBAaHUY B COOTBETCTBUM C Kiaccudukauueii, npuasroin 8 CHull 21-01.
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CTAHJAPT OPTAHU3ALIMNHU

TIPABUJIA ITO OBECITEYEHHIO OTHECTOMKOCTHU U OTHECOXPAHHOCTH
KEJINE3OBETOHHBIX KOHCTPYKIINU

Fire Resistance and Fire Safety
of Reinforced Concrete Structures

Hara ssenenna — 1 nosGps 2006 r.

1 ObnacTs npAMeHEeHHA

Hacrogumit craggapt paspaboran xax gomnonHeHue u yroynenue CHull 21-01, CHull 52-01 u
pacmpocTpaHsIeTCs Ha MPOSKTUPOBaHME, CTPOUTENBCTBO, TEXHIYECKOe 0OCIeNOBAHNE K PEKOHCTPYK-
LIUIO TIOCTIE II0Xapa 3MaHUi U COOpYXESHHMIL U3 XKene306eToHa.

JlaHHBIA CTAHAAPT CONEPXKUT OCHOBHBIC [TOJIOXKEHUS [10 PACYETY OTHECTOMKOCTH M OTHECOXPaH-
HOCTH Xe/Ie3006TOHHBIX KOHCTPYKUMIA, OH JaeT BO3MOXHOCTh HA CTAAMM IIPOEKTUPOBAHMSI OLICHUTH
TIPEAEIBI OTHECTOUKOCTHU XKeNe3006TOHHBIX KOHCTPYKUUIA, TPOBEPUTH UX COOTBETCTBUE TPEOOBAHMAM
CHulI 21-01 1 yCTaHOBUTH OTHECOXPaHHOCTb XKENE300E TOHHBIX KOHCTPYKLIMIA ITOCIIE [T0Xapa. B ocHOBY
CTaHIAPTa MTONOXEHEI IKCHEPUMEHTAIBHEIE K TEOPETHIECKHE UCCIIENoBaHuMs, BeimonHeHasie HUWXB,
I'YII BHUHMIIO, MI'CY, CI'CY, a Takke MaTepHalibl MEXAYHAPOIHBIX OpraHu3alnii: Esponeiickoro
Komurteta 1o crannapty (CEN), MexayHapoaHoro coBeta no crpoutensctpy (CIB), MexnyHapomHoit
opraHu3anuu o cragaaprusauuny (ISO), MexayHapomHOro coBeTa JJabopaTopHil IO HCITBITAHHIO CTPO-

UTEJIbHBIX MaTepranoB U KoHCTpykuuit (RILEM), MexayHaponHoit deaepayy 1o KOHCTPYKTUBHOMY
6erony (FIB).

2 HopMaTHBHBIE CCHLUIKH

B HacrosiieM CTaHaapTe MCII0Ib30BAHbI CCAUIKU HA CIEAYIOLIME HOPMATHBHbIE JOKYMEHTHI:
CHulI 2.01.07-85* Harpysku 1 BO3AeCTBUA

CHull 21-01-97*%  TloxapHast 6e30I1aCHOCTE 3HAHUI 1 COOPYKEHMEX

CHull 52-01-2003 BeToHHBIE U XeNe3006 TOHHbBIE KOHCTPYKIIMA

CIT52-101-2003  betoHHbIe U Xe1e300eTOHHbBIE KOHCTPYKLMK O3 npeABapUTeIFHOTO Ha-
NPSDKEHUS apMaTyphl

CIT52-102-2004  ITpenBapUTEBHO HAMPSDKEHHBIE Xele300eTOHHEIE KOHCTPYKIIUU

WHCTPpYKUMS 10 pacdeTy GaKTHYECKUX NIPEAETOB OTHECTOMKOCTH XKene300STOHHBIX KOHCTPYK-
1uik Ha ocHoBe HOBBIX TpeboBanuit CHull

I'OCT 12.1.033—81 CCBT. IToxapHas 6e3011acHOCTb. TepMUHBI U OXIpeeieHIS

I'OCT 30247.1—94 KOHCTpYKIMU CTPOUTENbHEIE. METOMBI UCIILITAHUI HAa OTHECTOMKOCTh. He-
CYLIME U OrpaXIalonine KOHCTPYKIUMI

I'OCT 30403—96  KOHCTpYKIIMH CTPOUTENBHEIE. MeTon Olpeae/ieHIs TIOXApHOH OITaCHOCTH
CTCBB 383—87  IloxapHas G€30MaCHOCTb B CTPOMTENLCTBE. TePMUHE U ONpeNeaeHUS

HITE 23396 3naHus 1 hparMeHTh 3TaHUH, MeToJ HATYpHEIX OTHEBBIX UCIIBITaHMA, OG-
1ue TpeboBaHmA

MTI'CH 4.19--2005 BpeMmeHHbIE HOPMBI 1 IIPABUJIA MPOEKTUPOBAHMSI MHOTOGhYHKLIMOHATBHBIX
BBICOTHBIX 3MaHUI ¥ 3TaHUN KOMIUIEKCOB B ropone Mockge

MI'CH 4.04—9%4 MHorodyHKLUOHATbHBIE 3TaHUSL ¥ KOMIUIEKCHI

TCH 102-00 XKene306eTOHHBIC KOHCTPYKLIUY € apMaTypoit kiaccoB AS00C n A400C
EN 1992-1-2 Structural Fire Design

3 TepMunbl ¥ onpeneNeHns

B HacTOsAIEM CTaHIAPTE, 33 UCKIIIOYEHUEM CTIELINAILHO OTOBOPEHHBIX CI1y4aeB, IIPUHATH] TEPMU -~
HBI 1 onpefeieHus, npuseaennse B CT CBB 383 u TOCT 12.1.033.
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4 O6mue TpeOGOBAHUSA

4.1 Cormacao CHuII 21-01 cTpoutenbHble KOHCTPYKLIMH XapaKTepH3YIOTCS OTHECTOMKOCTBIO.

IToxazaTesieM OrHECTOMKOCTH SABIAETCS TIpeaen orHecToiKocTh, [Ipenen OrHecTOMKOCTH CTPOH-
TEJLHBIX KOHCTPYKIMI YCTaHABIMBASTCS [0 BPEMEHU B MHUHYTaX HACTYIIEHHS OMHOIO WY MOC/Ief0Ba-
TENILHO HECKOMbKUX, HOPMUPYEMBIX U1 JAHHOM KOHCTPYKUUU, NPU3HAKOB IIPEACTbHBIX COCTOAHUIA

- ITOTEPU HECYIHEeH criocoOHOCTH R;

- IOTEPU TEIJIOU30IUPYIOLICH CITIOCOOHOCTH /;

- IMOTEPHU LIENOCTHOCTH E.

[Ipenens! orHecTONKOCTH CTPOMTENBHBIX KOHCTPYKLUUY U UX YCIIOBHBIE 0003HAYEHUS YCTAHABIIH-
Baor o ['OCT 30247.1.

4.2 30aHUs ¥ COOPYXEHHUS, a TAKXKE UX YACTU, BblAe/TeHHbIC IPOTUBONOXAPHLIMY CTEHAMM U
[EPEKPHLITUAMH (TIOXKAPHbIE OTCEKM ), TOAPA3ALSTIOTCA MO CTENEHAM OTHeCTOMKOCTH (Tabn. 4.1).

K Hecylium sneMeHTaM 3[AaRUS UK COOPYXEHUS OTHOCITCA KOHCTPYKIMY, 00eCIeuuBaIONINe
ero ofuIyI0 YCTOMYUBOCTE U FEOMETPUUYECKYIO HEM3MEHIEMOCTh: HECYLIIME CTEHBI, KOJIOHHBI, OaJIK1
IIePeKpBITUlL, purenu, GepMbi, paMbl, apKu, CBA3H, AuadparMer xectkocT U T.11. K mpeneny orHe-
CTOMKOCTH HECYIIMX 3/IEMEHTOB 30aHMS, BLITONHSIOIIHNX ONHOBPEMEHHO QYHKIIMHA OTPAKIAIONIX KOH-
CTPYKIIMIA, HATIpPUMED K HECYLIMM CTeHaM, TOMUMO IPEAENa OTHECTOMKOCTH MO HECYLLEH CIIOCOOHOCTH
R, momxHBI NpeXBSBAATLCS JOMOIHUTENbHbBIE TPeGOBaH M ITO [TOTEPE M30JIMPYIONICH criocobuocTr [ 1
TIoTepe [1eIOCTHOCTH E.

Tadoanima 4.1

Tlpenen OrHecTOMKOCTH XeNe300CTOHKBIX CTPOUTENbHBIX KOHCTPYKLMIA, MUH, HE MCHee
C'reneHP TlepexporTus DNeMeHTH GecyepaayHsiX JlecTHUUHEBIE
OTHECTOM- . MEXAY3TaXKHbIC ]’IOKprTMﬁ KIICTKH
xocTn Hecynme  |Hapyxaikie (8 TOM uncIe
31aHUuA SACMEHTHI HEHECylMe yephayHeie HAaCTHUIbI, IUIMTHL (l)eprl, Mapliv M
34aHua CTCHBI W Han (B TOM YUCIE 63.1'[](]/], BHYTPCHHHE IUTOIAAKH
MOABAIAMY) C YTeIUTUTENEeM) | TPOTOHbBI CTCHBI JeCTHUHL
Ocobas R 180* R 180* R 180*
E 60%*+ E 60 EI 120%* REI 120** R 180* EI 180 R 60
I R 120 E 30 REI 60 RE 30 R 30 REI 120 R 60
II R 90 E 15 REI 45 RE 15 R 15 REI 90 R 60
I1I R 45 E 15 REI 45 RE 15 R15 REI 60 R 45

* s 3mannii BeicoTolt Gostee 100 M mpesen OrHECTOMKOCTM, KaK [IPaBWIIO, ycTaHaBnuBaeTcs R 240.
** Ilna sgaHuil BeIcoTol MeHee 100 M mpemen orHecroiikocty ycraHasnmsaercs REI 180, EI 180.
*** TIpemen orHecroiikocTy E 60 ycTaHaBIMBAETCA TONBLKO MJIS HAPYXHBIX CTEH.

3naHust ¥ COOPYXEHMS ¢ HECYIIUMHM KOHCTPYKIMSIMM 13 XXee300eToHa MoApa3nelisioT o cTerne-
HU OTHECTOMKOCTH:

- 0cobasg — MHOTO(MYHKIIMOHATLHBIE, BEICOTHBIE 30aHHS U 31aHHS-KOMILIEKCHI,

- I crenens — orpaxnaolire KOHCTPYKLIUY BBIMTOJIHEHBI U3 XKeJIe300eTOHA U IIPUMEHSIOTCS
JIUCTOBBIE U IUTUTHBIC HETOPIOYNE MaTePUAIILI,

- II cremeHs — MOKPHITHS BLIMOMHEH S U3 CTAbHbIX KOHCTPYKIIUIA;

- III cTeneHs — MpUMeHEHE! [TEPEKPHITHS NePEBIHHbIE, 3aIUIIEHHEIE INTYKATYPKOM WIX HEro-
PIOYMM JIMCTOBBIM, TUIMTHEIM MATEpUANoM, a TAKXKe IS 3HAHMI KapKacHOIO THUIIA ¢ 3JIEMEeHTaMU
Kapkaca U3 CTIBHBIX KOHCTPYKUHMI U € OrpaXknaloUIMMK KOHCTPYKIMAMK M3 IPOQMIMPOBAHHBIX
JIMCTOB WIY JPYTUX HErOPIOYHX MaTePUATOB CO C/Ia00TOPIOYMM yTeILTUTeNeM rpymmel I'1.

4.3 [Ipenen orHECTOMKOCTY NMPOTUBOMOXAPHAIX TIperpal (CTEHbl ¥ MEePeKPLITHS) U 3MaHUM
ocobolf creneHu orHecroiixoctu ycranasnualoT REI 180; npu BeicoTe 3manus bonee 100 M — REI
240; mns snanwit I, IT u I creneneit orsecroiikoct — REI 150.

4.4 3a npenen OTHECTONKOCTH Xee306eTOHHBIX KOHCTPYKLIMI IPUHUMAIOT BPEMS B MMHYTAX OT

Havyana OrHeBOro CTAaHAAPTHOTO BO3ACHCTBUSE IO BOZHUKHOBEHUS OAHOIO U3 ITPEAEIbHBIX COCTOSHUIA 110
OTHECTOMKOCTU:

2
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- MO MTOTEPE Hecylued CIocOOHOCTH R KOHCTPYKLUIT U y37I0B (0OpYIIEHHe MY HeOMYCTUMbIIA
nporu6 B 3aBUCMMOCTU OT TUIa KOHCTPYKUMHA);

- 10 TEeIUIOU3ONUPYIOLIeH CIOCOOHOCTU [ — IMOBBILLIEHUE CpelHel TeMIIepaTyprl Ha HeoGorpesa-
eMoli moBepxHOCTH A0 160 °C i B 110600 npyroit Touke s1oit nosepxHoctu a0 180 °C o cpasreHUIO
C TeMIIEpaTypoil KOHCTPYKUMU A0 Harpesa, Wik nporpes 10 220 °C He3aBUCHMO OT TeMIIEPATYPhI
KOHCTPYKLMU 110 orHeBoro BozaeicTeus (TOCT 30247.1);

- 110 LIEeTOCTHOCTH E — 06pa3oBaHue B KOHCTPYKIIUU CKBO3HBIX TPELIMH WIH CKBO3HBIX OTBEP-
CTHUIA, Yepe3 KOTOPHIE [IPOHUKAIOT IIPOLYKThI FOPEHMS WIM TUIaM.

Jinsa necylux xene3o6eTOHHBIX KOHCTPYKIIMI (GaIKU, TIPOTOHbI, PUTe/Id, KOJOHHBI) IPEaeib-
HbIM COCTOSIHUEM 110 OTHECTOUKOCTH SIBJISIETCS ITOTEPS HECYLIE CITOCOOHOCTH KOHCTPYKIMU R.

B xene306eTOHHBIX KOHCTPYKUMSX, B KOTOPBIX HAOMIOZAETCS XPYIIKOE paspylIeHUE II0 CKATOMY
6eTOHY (KOJIOHHBI C MAJIBIM 3KCIEHTPUCUTETOM, U3rHOaeMble lepeapMUPOBaHHbIE BJIEMEHTHI), 3a [10-
TEPIO HeCylleHi CHOCOGHOCTU MPUHUMAESTCS TIOJTHOE pas3pyllieHUe KOHCTPYKLIMK BO BpeMs Imoxapa.

N3rnGaeMbre, BHELIEHTPEHHO CXKAThIE U PACTSAHYTHIE ¢ GOJBLINM 3KCHEHTPUCHUTETOM 3JIEMEHTBI
XapaKTeprU3YIOTCH pa3sBUTHEM OONBIIUX HEOOPaTUMBIX AehopMaLKii apMaTyphl KU OeTOHA, U 3a II0TEPIO
Hecylllelt crtocoOHOCTU TPMHUMAETCS pa3BUTHE MPOTHOa ellle IO TOro, KaK HACTYIIUT IOJIHOE pa3pylie-
HIE.

4.5 PacyeT npefena OrHECTOMKOCTH XKeJie300eTOHHOM KOHCTPYKIIUY 10 ITOTepe Hecyllel crnocos-
HOCTH R COCTOWT U3 TEIUTOTEXHMYECKOI U CTATUIECKOIL YacTel,

TernmoTeXHUYECKU pacyeT AOJDKEH 00eCTIeYUTh BpeMs Ipeaea OTHECTOMKOCTH, 110 MCTeYeHUH
KOTOPOTO apMaTypa HarpeBaeTcs IO KpI/ITI/I‘Ie\%KOI\/’[ TEMIIEPATYPHI WM CEYSHUE OeTOHA KOHCTPYKIIUM
COKparyaeTcs 10 MpeaeTbHOro 3HAYSHUS [TPU BO3OEMCTBUM HA Hee CTAHIAPTHOIO TEMITEPATYPHOIO pe-
KHMMa.

CrartuyecKuit pacyeT JOLKeH 00eCIeYUTh 3alUTY XeIe300eTOHHON KOHCTPYKIINM OT paspyuie-
HUS, a TaKoKe OT NOTEPU YCTOMYIMBOCTU IIPU COBMECTHOM BO3AEUCTBUYM HOPMATUBHOU HATPY3KH W
CTaHIAPTHOTO TEMITEPATyPHOIO PEXIMA.

4.6 Tpenen OrHECTOMKOCTH XKeNe306eTOHHOM KOHCTPYKIIUY TI0 TEIUTOM30NUPYIOIEN CIIOCOBHOC-
TU I nomxeH GBITh O0ECIIEYCH TEIUIOTEXHMYECKUM pacueToM, HallnieHHbIe 3HAYeHUS TEMITEPATYPBI Ha
HeoborpeBaeMolt MOBEPXHOCTH HOMDKHEI OBITh MEHEE MPENEbHO JOIMyCTUMO# TeMITEpaTyphl Harpesa (CM.
. 4.4).

4.7 TTpenen OrHECTOMKOCTH TIO 11eJIOCTHOCTU E (00pa3soBaHue CKBO3HbIX OTBEPCTUI IWIH CKBO3-
HBIX TPELIMH) BO3HUKAET B XKeTe3006TOHHBIX KOHCTPYKIIMSIX U3 TSOKEJIOro GETOHA C BIAKHOCTRIO Gojiee
3,5 % v U3 nerkoro GETOHA ¢ BIaXHOCTHIO Gonee 5,0 % u wotHocTsIo Gosee 1200 kr/M3, a Takcke B
IUIMTaX, CTeHax ¥ CTeHKaX ABYTaBPOBBIX OAJIOK IPU ABYCTOPOHHEM HarpeBe 6ETOHA B PACYETHOM Ceye-
HUU BBILIE 10 KPUTUYECKOH TeMIIEpaTyphl.

[Toreps LETOCTHOCTY NPH XPYIIKOM paspylieHUU GETOHA PE3KO CHIDKAET NIPeaes OTHECTONKOCTH
KeNe300€TOHHOM KOHCTPYKIUH, MO3TOMY LIeIeco00pa3HO IPUMEHATh OSTOHBI C OrpaHHYEHUEM PacXo-
nia nemenTa, Hu3kuM B/11 u ¢ Gonee HU3KUM KO3DIUUMEHTOM TEMIIEPATYPHOTO PACLUIMPEHUS 3aI10M~
HUTENA.

4.8 UcnprraHusiMy OBUIO YCTAHORBIIEHO, YTO Pa3pyLICHUS Kee300e TOHHBIX KOHCTPYKLIMI Tpy
OTrHEBOM BBbICOKOTEMIIEPATYPHOM HarpeBe IPOUCXOMST IO TEM XKe CXeMaM, 4TO U MPU HOPMAaJIBHOMI
Temnepatype. [loatoMy 15 pacyeTa MmpeJena OrHECTOMKOCTH 10 MOTEPE HECYHIEH CIIOCOGHOCTH XeIe30-
GEeTOHHOIH KOHCTPYKLIMM HCIIONB3YIOT T€ X€ YPaBHEHMSI paBHOBeCHs U JedopMaliviu, U3 KOTOPBIX
BBIBOZAT (DOPMYJIBI IS CTATUYECKOTO PACYETA.

CraTivecKuit pacyeT MpefIesia OrHECTOUKOCTH 110 IT0TEPe HECYILeil CIIOCOOHOCTY OCHOBBIBAIOT Ha
0011KX TpeOOBaHUAX PacYeTa XeNe300eTOHHBIX KOHCTPYKIUM IO Mpede/ibHBIM COCTOSHUSIM MEPBOi
rpyrrbl B cootBerctBuM co CHull 52-01, CIT 52-101, mpu HOpMaTUBHEIX HATPY3Kax ¥ HOPMATHBHBIX
COMPOTUBJICHUAX OETOHA U apMaTyphl IPU OTHEBOM BO3AECUCTBHH, U C YYETOM HOIOJHUTEIBHBIX YKa3a-
HUI1, U3TOXEHHBIX B HACTOSIIEM CTaHOApTe.

4.9 3a HOpPMATUBHYIO HaIPY3KY [IPUHUMAIOT HEMIPOAOIDKMTENBHOE AEHCTBUE MOCTOSIHHBIX H Bpe-
MEHHbIX [UTUTEABHBIX Harpy30K ¢ KO3(PPULIMEHTOM HAIEXHOCTH 10 Harpy3Ke Y=1 (CHuII 2.01.07),
KOTOPbIE CYIIECTBEHHO BAMSIOT Ha HAIIPSDKEHHOE COCTOSTHUE XeIe300e TOHHOM KOHCTPYKLIMH TIPH TT0-
Xape. B Tex ciyyasix, Koraa HeJb3st YCTAHOBUTH 3HAYCHUE YCUIUM OT HOPMATUBHOM HArpysKy, paspe-
L1aeTcsi MPUHUMaTh UX paBHeleMu 0,7 OT pacyeTHbIX. PacueTHast cxeMa NPWIOXEHHS HOPMATHBHOI
Harpy3Ku JOJDKHA COOTBETCTBOBATh MMPOEKTY.

4.10 Hecymas cioco6HOCTS XeJ1e300eTOHHBIX KOHCTPYKIMIA IIPY OTHEBOM BO3XEACTBUM 3aBUCUT
OT U3MEHEHWSI CBOICTB OETOHA U apMaTyphl C POCTOM TeMIIepaTyphl. Bo MHOIMX Clydyasx npu ompeaesie-

3



CTO 36554501-006-2006

HUY IpeIeNia OTHECTOMKOCTH BEIMUCTISIOT YCHIIE, KOTOPOe MOXKET BOCIIPHHATH CEYeHIE 3IEMEHTA Ipu
TpebyeMOM Npeaese OTHECTOMKOCTU. ECau 310 ycuire paBHO UM OOJbLIE pacyeTHOTro, TO TpeGyeMblit
IIpenien OrHEeCTOMKOCTH o0ecIeyeH.

Peluenue craTiuecKoif 3aa4u Mo OLUEHKE OTHECTOMKOCTH MHOIAA CBOAKUTCS K OMpEAe/IeHHUIO
3HAYCHUS KPUTHYECKOM TeMITepaTyphbl HarpeBa pacTIHYTOI apMaTyphl, IIOCKOJBKY OHA HE 3aBHCHUT OT
PE3yAbTaTOB TEIIOTEXHUYECKOM 3a1aYH.

PenreHue TeMIOTEXHUYECKOI 3a1a4YX BBITOJHUMO JIMLUB I KOHKPETHBIX POMEXXYTKOB BpeMe-
HU ¢ Hayana HarpeBa. [ToaToMy HaxoXneHUe YCNOBUiL MPeaeIBHOIO COCTOSIHHE CTPOUTCS Ha IPUHLIMIIE
T10C/IeIOBATEBHEIX IPUGIKEHMIA AJIS 3apaHee U3BECTHLIX MPOMEXYTKOB BpeMeHH. B utore mpeaen
OTHECTOUKOCTH Onpeaensercs 1ubo rpadpuyecku, 160 AHAUTUTHYECKU B pe3yJbTaTe pellleHUH ypaBHe-
HU TIPEAENBHOIO COCTOSTHUSL.

BrIuMcIeHHEIE ITpeaesIbl OTHECTOMKOCTH Xe/1e300€ TOHHBIX KOHCTPYKLIMIA JOJDKHBI ObITh HE MEHEE
TpeGyeMbIx 3HAYEHUI.

4.11 Ilpu npoeKkTUpOBaHUM MHOTOGYHKIIMOHANBHBIX BRICOTHBIX 3TaHHI, KOMIUIEKCOB U COOPY-
KEHUM, OTHOCAIMXCS K NMEPBOMY OTBETCTBEHHOMY YPOBHIO HAIEXHOCTH, OTKA3hbl KOTOPBIX MOCIE
[oXapa MOTYT ITPUBECTH K TSDKEIBIM 3KOHOMHYECKHAM Y 9KOJIOIMYECKVIM ITOCTIEACTBUAM, a TAKXKE TeX
KOHCTPYKITUM, BOCCTAHOBJEHME KOTOPHIX IMOTPEOyeT GONBINMX TEXHUYECKUX CIOXKHOCTEH M 3aTpar,
Heo0X0auMO 00ECTIEYHTh X OTHECOXPAHHOCTH IIOCHE IToXapa.

3a OrHeCOXpaHHOCTh XKeAe300eTOHHOM KOHCTPYKIMNHU IIPUHUMAIOT TaKOe €€ COCTOSTHHUE, TIPK KO-
TOPOM OCTaTOYHAs [IPOYHOCTE WX HeoOpaTUMble AehopMaliii o0ecIieynBaloT HaJeXHYIo paboTy rocne
CTaHAAPTHOTO MoXxapa. PacyeT orHecoXpaHHOCTH XeIe300€TOHHOM KOHCTPYKIIMH TI0CE MoXapa BeIeTCs
TIPY pacyeTHBIX HArpy3Kax Y pacYETHBIX COIPOTUBIIEHMSIX OETOHA ¥ apMaTyphl MOCJIE OFHEBOTO BO3NEH -
CTBUL.

4.12 Ilpenen orHeCTONKOCTH Xee300eTOHHOM KOHCTPYKIMM HACTYTIaeT MpH Mporpese paboyei
apMaTypel B KOHCTPYKLIMM IO KPUTUYECKON TEMIIEpATyphl, @ TAKXKe NMpU HarpeBe 66TOHa B PaCYETHOM
CEYESHUH BBLILIE er0 KPUTUIECKOH TeMIlepaTyphl.

Kpurnyeckas Temrieparypa IS TSDKEJIOro 0eToHA Ha CHIIMKATHOM 3aroJiHuTeNe cocrasisieT 500 °C,
Ha KapGoHaTHOM 3anonHuTene — 600 °C 1 Uik KOHCTPYKIIMOHHOTO Kepam3utoGerona — 600 °C. Kputu-
YecKasi TeMIepaTypa Harpesa apMaryphl Z, , XapaKTepu3yeT CTaliio 06pa3oBaHNs ILUIACTHHECKOTO LapHUpa
B PaCTSHYTOH 30HE XKeNIe300¢TOHHBIX KOHCTPYKLIMI M HACTYTUIEHUE MIPEAEa OTHECTOMKOCTH NPY OTHEBOM
BO3IEUCTBUU.

Kpurnueckasi Temmeparypa HarpeBa apMaTypbl ; or » TIDY KOTODOii 06pasyeTcs! MIacTUYeCKui
LIAPHUP U HACTYTIAET [IPEENT OTHECTOUKOCTH, OPUEHTMPOBOYHO PaBHA JUIS apMaTyphl KJlacca:

A240, A300 — 510 °C,

A400 — 550 °C,

A500, A540 — 520 °C,

B500 — 430 °C,

Bp1200—Bp1500, K1400 u K1500 — 410 °C.

4.13 PacueT OrHeCTOMKOCTH ¥ OTHECOXPAHHOCTH PEKOMEHIYETCSA IIPOM3BOAUTD 110 NPUBEACHHOMY
CEYCHMIO, KOIJIa CEYCHME JIEMEHTA pa30MBacTCAd Ha MaJble XapaKTepHbIe YYaCTKY, HarpeThie 10 Pasiiy-
HBIX TEMIIEPATYP, U KKABIA MaJIBIA y9aCTOK NPUBOAMTCS K HEHArPETOMY OETOHY C Y4ETOM COOTBETCTBY-
IOIMX ITOHFDKAIONIMX XapaKTePUCTHK MPOYHOCTH OeToHa. IIpu 3ToM pacyeTHas IUIONIAb MPHUBEACHHOTO
ceyeHusA OETOHA MOXET OTPAaHUYMBATHCSA M30TEPMOI KpUTHYESCKIX TEMIIEpaTyp HarpeBa OeToHa by er

5 CaoiicTBa 0eTOHa M apMaTypbl IPH OFHEBOM BO3IEHCTBHH M HOCJE HEro

Beron

5.1 HopmarusHsle R, u pacuetHbie Ry, R, , CONPOTHBIEHUS GETOHA OCEBOMY CXaTHIO (Mpu-
3MEHHasg NPOYHOCTH) M pacTsokeHuio R, , R, u Rb,’ oop» HAYATBHEIA MOIYNb ypyroct E, u Moaysis
aedopmanuy 6eToHa NpY cxaTuM E,_crieiyeT MpUHUMAaTh IO AeHCTBYIOMIUM HOPMATUBHBIM JOKYMEH-
TaM.

IIpu noxape xene300e TOHHbIC KOHCTPYKUMM B HATPYXEHHOM COCTOSSHUH ITOIBEPraloTCs BbICO-
KOTEMIIEPaTYPHOMY OTHEBOMY BO3IEHCTBUIO, KOTOPOE M3MEHSIET CBOiicTBa OeToHa. MI3MeHeHHe HOpMa-
TUBHOTO Y PACYETHOrO COMPOTUBIICHHUI GETOHA HA OCEBOE CXKATHE C YBEIMYCHNEM TEMIIEPATYPhl YUHUTHI-
BaeTCst KOIGPULMEHTOM YCIIoBUiA paGoThI GETOHA v,
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Rbnr = Rbnybt; Rb,tem = Rbet ; ‘Rb,ser,r = Rb,serYbr‘ (51)

3HayeHue KOa(PUIKMEHTA YCIIOBHs paboThl Y, TPUHUMAIOT I10 CPEIHEN TeMIiepaType 6€TOHa IPK
pacyere 1o opmynam:;

cxaroit 3ousl — (8.9, 8.10, 8.24—8.26, 8.39, 8.40);

cxaroit monku — (8.15, 8.16, 8.17);

cxaroro pe6pa — (8.16, 8.17);

MOMNepeyHoro ceueHus — (8.22, 8.56);

IO TeMITepaType KpaitHero BojiokHa — (5.6, 5.7);

110 TEMITepaType B 30He aHKepoBKu — (8.14).

3HayeHue K03 PHULHEHTa YCIOBUH pabOThl 6eTOHA Ha CXKaTUE Y;, Pa3peLIAeTC IPUHUMATh paB-
HBIM eIvHMIE (Y, = 1) Npy Harpese GeToHa 10 KPUTUYECKOH Temnepatyphl (1. 4.12) u v, = 0 npu
HarpeBe 6€TOHA BbILIE KPUTHYECKOM TEMIIEPATYPHI.

IIpu pacuere OrHECTOMKOCTH ¥ OTHECOXPAHHOCTHU MO AehOpMANMOHHON MOJENH U C TOMOILBIO
KOMITBIOTEPHBIX HPOrpaMM HEOOXOAUMO YIUTHIBATh M3MEHEHHUEe KO3 duLireHTa yenoBuit paboTsl 6eT10-
Ha Y, Ha BCEM JIMalla30He TEMIIEPATyp HarpeBa GeToHa.

ITpu 3TOM pacyer BeAETCS [0 TEOMETPUIECKOMY CeYeHHIO 6eToHa. 3HayeHud KoadduimneHTa
ycoBuil paGoThl 6eTOHA Ha CXAaTHE Y,, IPUHUMAIOT I10 Tabi. 5.1 B 3aBUCHMOCTH OT TEMIIEPATYDPHI
GeToHa.

5.2 HopmartusHbie R,,, ¥ pacueTHble R, U Rb,'se, COIPOTHMBIIEHUS G6ETOHA PACTSDKEHUIO [IPU OTHeE-
BOM BO3JCHCTBUM TAKXKe U3MEHSIOTCS. VIsMeHEeHHMe CONPOTUBICHUN O€TOHA PacTSDKEHMIO C YBENMYSHUEM
TEMIIEpaTyphl HATPEBA YYUTHIBAIOT KOIPPUUMEHTOM YCAOBHY paGoTsl OeTOHA Ha PACTSIKEHHUE ¥y,

Ryt = Ron¥pr Roe = Rojlyss Rygsers = Ry oV (5.2)

ITpu pacuere Ha nomepeyHyo cuny (opmynst 8.58, 8.62, 8.64) sHaueHUs KO3bUUMEHTA vV,,
[PUHUMAIOT IO CpeIHeN TeMItepaType GeTOHA CeYeHHUS; IPU pacyeTe YCHIUI B 30HE aHKepoBKH (8.14)
— T10 TEMITEPATYPE AHKEPYIOLIETO CTEPXKHS apMaTyphl. 3HaYeHMs KO3 OULIMEHTa ¥, IPUHUMAIOT: IIPK
50 °C — 0,80; 100 °C — 0,75; 150 °C — 0,70; 200 °C — 0,65; 300 °C — 0,50; 400 °C — 0,35; 500 °C —
0,20, 600 °C — 0,05.

Ta6numa 5.1

3HayeHne Ko3hduLMeHTOB v,, B, 1 Py o AN 6eToHa
Bun Getona Koaddu- npu TeMreparype, °C

HHERT 1 99 200 | 300 | 400 | soo | 600 | 700 | s00

y 1,0 0,98 0,95 0,85 0,80 0,60 0,20 0,10
e
Tsoxenplit, Ha CUWIMKaTHOM 1,0 0,95 0,90 0,80 0,70 0,50 - -

samoiHuTeNe B, 1,0 | 07 | 05 | 040 | 030 | 020 | 0,0 | 0,05
0o | 15 30 | 57 | 90 | 130 | 190 [ — -
L0 | 1,0 | 095 | 09 | 085 | 065 | 030 | 0,15

Troxomit a kapborar- | | 10 | 095 | 090 | o5 | o0 |0g0 | = | =
HOM 3aloJHUTENC By 1,0 075 | 055 | 045 | 035 | 025 | 015 | 0,10
O | 12 24 | 46 | 72 | 100 | 150 | — -
Y L0 | 10 10 | 095 | 08 | 070 | 050 | 0,25
KOHCTPYKUMOHHBIH 1,0 1,0 1,0 10 | 095 | 08 | — —
KepaM3uToGeToH 8, 1,0 08 | 08 | 070 | 060 | 045 | 030 | 015

P | 07 32 | 59 | 92 | 135 | 200 | — —

Npumeuanus

1 3nayenns KO3GUUMEHTOB Y, Hall 4epToil M B, JaHBl B HATPETOM COCTOSHMM, W OHM HCIIOJIb3YIOTCA TpPH
pacyeTe OrHecTolKoCTU.

2 3HayeHus K03(OUUMEHTOB v, TOX 4epTOH U @, DAHBI TIOCIIE HArPeBa B OXJIAKACHHOM COCTOSHMH, M OHU
UCTIONB3YIOTCS MPY pacyeTe OrHeCOXPaHHOCTH.
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5.3 Temnepatypy GeToHa OpenessioT TEIUIOTEXHUYECKUM PAcYeToM (CM. pasmels 6) wiM 1o
npwioxeHusm A u b. Cpeanioro teMneparypy 6eToHa CxXaToi 30HHI 7, , PAaCIIOIOXEHHOH Y Harpesae-
MOIi I'PaHU CEYEHH s, HOIIYCKACTCA MPUHIMATh:

- npu x < Ezhy — o Temnepatype 6eToHa, Ha paccTosiHuK 0,2/, u ans wiut 0,14, OT cxaTok
IPaHy CEYEHNS,

- Tiput x 2 E gy 1 x = hy — Ha paccTOSHHU 0,5X OT CXaToi TPAHU CEUEHUS.

CpenHroro TeMItepatypy 6eTOHaA CKaTo 30HbI Y HEHarpeBaeMo IpaHy CeYeHUS OaKy MPUHUMA-
IOT 10 puc. 5.1.

5.4 TIpu pacyere OrHeCTOMKOCTH U3MEHeHUe 3HAaYeHUs1 HAYaTbHOIO MOIYIS YIPYTOCTH MpU
HETIPONOKUTENILHOM OTHEBOM BO3IEMCTBUU C YBETHYEHUEM TEMIIePaTypPhl YYUTHIBAIOT KO durmeH-
TOM {3,

E, = EB (5.3)

3navenne KoabduunenTa B, IpUHUMAIOT 1o TabJ. 5.1 B 32aBUCMMOCTH OT TeMIIEpaTyphl GETOHA
npu pacyete 1o bopmynam:

- B IEHTPE TSKECTH MpHUBeaeHHOro ceyenus — (8.11, 8.13);

- i-ro ceyeHusa — (8.45, 8.48, 8.53—8.53);

- KpaifHero cxaroro BosoksHa — (5.5, 11.31, 11.32).

tbm’ OC
600
120 N 180 240 mun
90 \
400 \
60Q \
45 \
\
200 0 \\& o~
N — | ]
T~ ——— ——

100 200 300 400 500 600
Mnpuna 6anku, MM

Pucynox 5.1 — Cpennss Temneparypa 6eToHa CXKaToii 30HbI (y HEeHArpeBaeMoii CTOPOHbI) B DaJike, 0GorpeBaeMoii
€ Tpex APYrHX CTOPOH, NPH MIMTENLHOCTH cTauxapTHoro noxapa no ICO 834 or 30 mo 240 mun

5.5. Tlpu pacyeTte OrHECOXPAHHOCTU U MPOJODKUTENILHOM ACHCTBUY HArPy3KU 3HAYCHUS Hayallb-
HOro MonyJut nedopmaniuit 6eToHa OMpeaeIoT o Gopmye:

E.=E,/(+0,,. (5.4)

KoadduuneHT rmonsydyectu 6eToHa @), TOCJIE HATPEBA NIPUHMMAIOT 110 Tabn. 5.1 1s TeMmepary-
pbi 6eToHa IpU pacyere Mo opMynaaM:

- B LEHTPE TSDKECTH NMpUBeneHHoro ceyeHus — (8.11, 8.13);

- IS KpaliHero BOJIOKHA CXaToif 30HbI 6eToHa — (11.31, 11.32).

JonyckaeTcs TeMIiepaTypy 6€TOHa B LIEHTPE TSOKECTU NMPUBEICHHOTO CeYEHUST IPUHMMATh PaBHOM
€ro cpeliHei TeMIreparype.

5.6. I1pu HarpeBaHuy 6ETOHA €CTECTBEHHOM BIAXHOCTH €0 TeMIlepaTypHas fedopMarsi COCTOUT
U3 ABYX BUIOB AedopmMalmii: 00paTUMOi — TeMIlepaTypHOE paciiMpeHue 1 HeobpaTuMoil — Temrepa-
TYpHas ycaaka.

3HayeHus K03 UUNEHTOB TeMIIEPAaTYPHOI Ae(OPMALIMY PACIIMPEHHUS O, IPUBEACHD] B Ta0JI.
5.2 ¥ TeMIIepaTYpHOI ycaaku o, — B Tabn. 5.3.
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KoaddruyeHT TeMIIepaTypHOro pacluMpeHus GeToHa oc,,,-lO‘s, oC~1,

Bux GetoHa npu Temmneparype 6erosa, °C

20—-50 100 300 500 700—1100
Tsoxenblit Ha CIMKATHOM 3aIOoNHUTE- 9 9 3 11 14,5
ae
Tsaxenplit Ha KapOOHATHOM 3aMOJHH~ 10 10 9 12 15,5
Tene
KOHCTPYKUMOHHBIA KepaM3HTOOETOH 8,5 85 7 5,5 4,5

Taénuuma 5.3

Koa¢pdhuument TeMneparypHoii ycanku Gerona o, 1076, oC™!,

Bua Getona TpU Temiepatype 6etoHa, °C

20-50 100 300 500 700—1100
Tsxenprii Ha CWJIMKAaTHOM 3amojiHUTe- 0,5 1,0 1,0 -1,8 —6,8
e
Taxenblit Ha KapOOHATHOM 3aIONHM- 0,5 1,5 1,1 1,3 1,5
Tesre
KoHCTpYKUMOHHEIN KepaM3HTOGETOH 2 2 1,5 1,5 1,5

5.7 OrHocurenbHble AedhopMaruy GETOHa CXKATUIO IIPU OMHO3HAYHON PABHOMEPHOH IODE €, U
Ipu IBYX3HAYHOU 3IIOpe B HOPMAJIBHOM CEYEHHH €y, B 3aBUCUMOCTU OT UTUTEIBHOCTH NEHCTBUS
Harpy3Ky ¥ pacyera Ha OTHECTOMKOCTD M OTHECOXPAHHOCTE MIPHMHUMAIOT I10 Tab. 5.4.
OTHocHTENBHBIE AeopMaliuy GeTOHA ITIPUHUMAIOT /IS HaUMeHee HarpeToro CXXaToro BOJIOKHA

GeTOHA, TaK KaK IpPU HEPAaBHOMEPHOM HArpeBe CXAaToro GEeTOHA paspyllieHue ero MPOMCXOOUT Ii0
HaubosIee IPOYHOMY MEHee HarpeToMy OETOHY.

Ta6nuuma 54

OTHocUTeNbHBle fehopMallUy GETOHA NpY CXAaTHU Y paciere Ha
Hgg;‘z;’;g;’; z%:ggg' OTHECTOMKOCTh ¥ KPaTKOBPEMEHHOE OTHECOXPaHHOCT M JTUTENbHOE
6etoHa B ceyeHuu, °C Harpyxewe Harpyxenue
€yt red 10° £40'10° &' 103 €p1,rea 10° €,°10° £,,°10°
20 0,15 0,20 0,35 0,28 0,34 0,48
100 0,19 0,25 0,44 0,35 0,43 0,60
200 0,26 0,35 0,61 0,49 0,60 0,84
300 0,38 0,50 0,88 0,70 0,85 1,20
400 0,49 0,65 1,14 0,91 1,11 1,56
500 0,68 0,90 1,58 1,26 1,53 2,16

5.8 Tlpu pacuere OrHeCTOMKOCTH ¥ OTHECOXPAHHOCTH XKe/Ie3006 TOHHBIX KOHCTPYKLIKIT 1o Jedop-
MalIMOHHOW MOJENY MOXET OBbITh UCIIOJIB30BaHa ABYXJIHHEHHAs [uarpaMMa COCTOSIHUS CXKATOro 6eToHa.
Ipu aByxnuneltoi nuarpamMme (pUc. 5.2) CKUMAIOLIMe HANPSDKEHWS GETOHA G, B 3aBUCUMOCTH

OT OTHOCUTEJILHBIX 1e(POPMALMIA €, OTIPEAEIISIOT 110 hopMynam:

npu 0 < g, < g,

Mpy €, < g, < £

g, =

0, = Ry, 6,= Ry,

E, o0 &0

(5.5)

(5.6)
7
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Ry,
roe € = y €p1 = .
Eb,red,r Eb,red,t

3HayeHye NPUBEAECHHOTO MoAyA Aedopmatmit £y .,  NPHHUMAIOT:

Eyrear = Rone ! € rets Epred = Roe/ €o1pea G.7)
Gy

20 °C

Oy = Op = O = R (Ry)

>20 °C

Oy = Opy = Opp = Ry, (Ry)

a:ctgiEb, red

€ T E0 E E Ep )
Pucynox 5.2 — Inarpamma nedopmuposanus 6eToHA
npH pacyeTe OrHECTOHKOCTH M OTHECOXPAHHOCTH

ba3oBEIe TOYKH JUarpaMMBbl — OTHOCHUTeJIbHBIE nedopmaliuu GeToHa 041 rea» Oy U Oy TIPUHAMA-
10T 110 Ta61. 5.4 B 3aBUCHMOCTH OT HAHMEHBIIIEH TEMIIEPATYphI CXAaTOro 6eTOHA, MPOXOJDKUTEIHHOCTH
JCHUCTBUS HArpy3KU M pacyeTa KOHCTPYKIIMK Ha OTHECTOMKOCTD WIH OTHECOXPaHHOCTB.

5.9 Ilpu pacyeTe OTHECTOMKOCTH XeNe3006TOHHBIX KOHCTPYKLIUA UCIIONB3YIOT AUarpaMMBI Je-
dopmMupoBaHus GeTOHA TIPU CXKATUH OT KPAaTKOBPEMEHHOTO OIHEBOTO BO3ACHCTBUS B HATPETOM COCTOSI-
HUM IIPU TOXKape. ﬂﬂal‘paMMH Lle(I)OpMMPOBaHPIH 0eToHA Ha cxXaTue CTPOAT B 3aBUCHMOCTH OT U3MCHEC-
HUS HOPMATUBHOI'O COIIPOTHUBICHUA OeToHAa CXATHIO P KPaTKOBPEMECHHOM OTHEBOM BO3IEVCTBHM.

ITpu pacyeTe OrHECOXPaHHOCTH KeJIe3006TOHHBIX KOHCTPYKIUIA ITOCTIE T10Kapa UCIIOJIb3YIOT I~
arpaMMbl JIC(l)OpMHpOBaHI/IH 6eToHa IPH CKATHUU ITOCIIC OTHEBOIO BOBIlGﬁCTBPlﬂ B OXJTQKACHHOM COCTOS -
Huu. JuarpamMMel gecopMBpoBaHUs 6ETOHA Ha CXATHE CTPOAT B 3aBUCMMOCTH OT H3MEHEHUS PACYETHO-
IO CONMPOTUBICHHUSA GETOHA CXATHUIO IIOCIE OTHEBOTO BO3ICHCTBIS.

Apmarypa

5.10 Hopmarusrble R, n pacyeTHble R, R CONpPOTHBIEHUS apMATYPE M MOAYJb YIIPYTOCTH
apMatyphl £, ciefiyeT IPUHUMATD T10 IEWCTBYIOIMM HOPMAaTUBHEIM JOKYMEHTAM.

[1pu BEICOKOTEMITEPATYPHOM OTHEBOM BO3IEICTBUY U3MEHSIIOTCS CBOIMCTBA apMaTyphl.

VsmeHeHne CONPOTUBIICHHUS apMaTYPHI PACTSKEHUIO M CXATHIO C [TOBBILUIEHUEM TEMIIEPATYPH
YYUTLIBAIOT KO3hGUIIUEHTOM yCTOBUH PabOTH! Y, = ¥/

R snt = sant Rst = R;Yg; (58)
Rsct = Rscvlst st! = st’Y,:l' (59)

H3amenenne Momysis ypyrocTH apMaTyphbl C NOBBILIEHHEM TEMIEPATYPHl YYUTHIBAIOT Koabdu-
uueHToM B

E,=Ef. (5.10)

3HaueHus: KO3 ULUUEHTOB Y, B, NPUHMMAIOT MO Tabn. 5.5 B 3aBUCMMOCTH OT TeMHEPATYDPHI
PACTSHYTOI U CXaToi apMaTyphl.
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Tabauma 5.5

3HayeHne K03hPULMEHTOB Yy, B; NPU Harpese apMaryphbi
Krnacc apMatypht Kog%)g)ﬂ- o TeMIlepatypkl, °C
Huent 20 200 300 400 500 600 700 800
v 1,0 10 1,0 0,85 0,60 0,37 0,22 0,10
A240, A300, A400, A500 o 1,0 1,0 1,0 1,0 1,0 1,0 | 092 | 085
B, 0,1 0,92 0,90 0,85 0,80 0,77 0,72 0,65
y 10 1,0 0,96 0,80 0,55 0,30 0,12 0,08
A540, A600, AS00, A1000 . 1,0 1,0 1,0 1,0 0,36 0,66 0,56 0,46
B, 1,0 0,90 0,85 0,80 0,76 0,70 0,66 0,61
B500, Bp1200, Bp1300, Y 10 10 0,90 0,65 0,35 0,15 0,05 0,02
Bp1400, Bp1500, K1400, 1,0 1,0 1,0 0,90 0,30 0,60 0,50 0,40
K1500 B, | 1,0 | 094 |03 | 077 | 064 | 055 | 045 | 035
MpuMmeuanusd
1 3Havenua KoadduumenTa v, Ha YepTOit U 3HAYCHUA KO3 duiMeHTa B, JaHbl B HATPETOM COCTOs-
HUH, X OHH KCIOJB3YIOTCS MpPU pacyeTe OrHECTOMKOCTH.,
2 3HayeHus Ko3(POULMEHTA ¥, ITOJ YEPTOR JaHKI IIOC/IE HArpeBa B OXJIKICHHOM COCTOSHUH, H OHH
HCITONB3YIOTCS NPU PacyeTe OrHeCOXPaHHOCTH.
3 3nayenus xoadduimenta f, nocne Harpesa paBHH 1.

OTHOCUTE/IbHEIE HC(bOpMaL[HI/[ YIIMHCHHS apDMATYPEI € IIPU AOCTHOKCHHUM HalIPSDKEHHUEM pac-
YETHOT'O COTIPOTUBJICHMA ONPENCIIIOT KakK yIpyrue:

eo =R,/ E, (5.11)

5.11 IMpu pacyere Xene300eTOHHBIX 3/IEMEHTOB 0 AehopMalMOHHON MOAENN B KAYECTBE pacyer-
HOt AMarpaMMbl COCTOSTHUA (1eOpMUPOBAHUS) ApMATYPhI, YCTAHABAUBAIOLIEH CBA3b MEXIY Hamps-
XEHUAMU O, U OTHOCHTEJIbHBIMH NeDOPMALMAMH € aDMATYPhl, MOXET GbITh HCITOJb30BaHa Hauboee
npocTas AByXJIMHEWHas auarpamma (puc. 5.3).

JuarpaMMBI COCTOSTHUS apMATYPBI IIPH PACTSDKCHUM M CKaTHH IMIPUHUMAIOT ONUHAKOBBIMH.

G5
<200 °C
Os0 = Ogn = Rsn(Rs)
>200 °C
G50 = ) = Rsnt(Rst)
es0 50 £y En &

Pucynox 5.3 — Nuarpamma AeOpMUPOBANHUS APMATYPLI
OPH pacYeTe OrHeCTOMKOCTH M OrHECOXPAHHOCTH
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Hanpsokenne B apMaType G, B 3aBUCUMOCTH OT OTHOCHMTENBHBIX JehopMalluil €, COITACHO auar-
paMMe COCTOSSHUS apMATYPBI OIIPE/ICIISIOT 10 PopMyJIaM:

mpu 0 < g <gy o,= Eg; (5.12)
npu ey <g<e, 6, =R, 6, =R, (5.13)

3HayeHNs NPEACIbHON OTHOCUTENBHOI fehOopMaIIK apMaTyphl COCTABILIOT:

npu £, = 20—200 °C ¢, = 0,0025;

npu £ = 500 °C &, = 0,0050;

npu 200 °C < ¢, < 500 °C — no MHTEpPNOLALUHK.

5.12 ITpu pacyeTe OrHECTOMKOCTH Xee300e TOHHBIX KOHCTPYKIIMIA HCITONB3YIOT IMarpaMMBI Jie-
dbopMupoBaH¥st apMaTyPHI IPH PACTSKCHUM U CXKAaTHH OT KPATKOBPEMEHHOTO OTHEBOTO BO3IEHCTBUS B
HarpeToM COCTOSTHHMM.

JvarpaMMbl 1ebOpMUPOBAaHKS APMATYPHI CTPOSIT B 3aBUCUMOCTH OT U3MEHEHHUs1 HOPMAaTHBHOTO
COIPOTHBJICHHSI ADMATYPHI PACTSDKEHMIO M PACYETHOTO COMPOTHRIIEHUS CXXATHIO IIPU KPAaTKOBPEMEHHOM
OTHEBOM BO3IEVCTBUU.

5.13 Ilpu pacyeTe OrHECOXPAHHOCTU XeJe3006TOHHBIX KOHCTPYKIIMIA ITOCHIe MOXapa UCIONb3YIOT
IrarpaMMbl 1ehOpMUPOBAHUSI aDMATYPHI TIOCITE OTHEBOTO BO3NEHCTBHA B OXJIAXKICHHOM COCTOSTHUU.

HuarpaMmsl gehopMUpPOBAHUST apMATYPH CTPOSIT B 3aBUCMOCTH OT M3MEHEHHUS PACYETHOTO CO~
MPOTUBJICHUS apMATYPhI PACTSCKSHUIO WIM CXATHIO IIOC/IC OTHEBOTO BO3NECTBUA.

5.14 C nmoBBIIIEHHEM TEMIIEPATyphl apMaTypHast CTaIb paciupsaeTca. KosdduiieHT TeMrrepaTyp-
HOTO PaclIMPEHHUS APMATYPHI O, C TIOBHILEHUEM TEMIIEPATYPHI BO3PACTAaET Y OH GoJblle KO3 GHUIUeH-
Ta TeMIIepaTypHoii aedopMary 6eToHa (Tabn. 5.6).

Ta6numa 5.6

KoapHIMeHT TeMIepaTypHOTO paciupeHus apMaTyphl o, 1078, °C1,
npu TeMrepatype, °C

20 100 200 300 400 500 600 700 800

Kiace apMatypst

A240, A300, A400, A500, A540, | 11,5 | 12,0 | 125 | 13,0 | 135 | 140 | 145 | 150 | 155
A600, AS00, A1000, B500,
Bp1200—Bp1500, K1400, K1500

6 TennmorexHumdeckuii pacuer
XKeJie300eTOHHbIX KOHCTPYKUMid

6.1 Ins1 onpesieeHYS Tpefiesia OrHECTOMKOCTH XKeNe300eTOHHBIX KOHCTPYKLHIA HEOOX0IMMO 3HATh
pacripeesieHIe TeMIIepaTyp o GeTOHY MOMEPEYHOTO CEYEHUS IEMEHTA OT BO3ACIHCTBHS CTAHNAPTHOIO
noxapa. Cornacuo rnonoxeHusaMm ['OCT 30247.1 teMrieparypa CTaHIAPTHOTO OXapa W3MEHSETCS B
3aBUCHMOCTHU OT BpeMeHH OTHEBOTO BO3IEHCTBISI M BRIPAXACTCS YpaBHEHUEM:

t=3451g(0,133c + 1) + 1, (6.4)

TIe T — BpeMs HarpeBa, MUH;
¢, — HavanpHas TeMIrepatypa, °C.
o 0o
Ipn HavanbHOM TeMIepatype #, = 20 UC IO ypaBHeHMUIO (6.4) TeMIiepaTypa Cpeabl IOTHUMAETCH
B 3aBUCHMOCTU OT BPEMEHU OrHEBOro Bo3neicTeu (Tabds. 6.1).

Tabnuma 6.1

Bpems, MuH. t, °C Bpemst, MuH. t, °C Bpems, MUH. t, °C
5 576 30 841 80 990
10 679 40 885 90 1000
15 738 50 915 100 1025
20 781 60 945 110 1035
25 810 70 970 120 1049

10
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Okonuanue mabauyp! 6.1

Bpemsi, MuH. t, °C Bpems, MuH. t, °C Bpems, MuH. t, °C
150 1082 210 1133 270 1170
180 1110 240 1153 300 1186

6.2 PewieHue 3a1a4y HECTALMOHAPHOM TEIUIONPOBOAHOCTH CBOAUTCS K OIPEAEICHHUIO TEMIIEPATYPbI
6eTona B J110060I1 TOYKE ITOMEPEYHOTO CEYEHHS IIEMEHTA B 3aIaHHBII MOMeHT BpeMeHH. PYyHKIMOHAIBHASA
3aBUCUMOCTD TEMIIEPATYPhI OT BpeMeHH ONMUCHIBaeTCs AU depeHIMATEHEIM ypaBHEHNEM TEIUIOMPOBOI-
Hocty Dyphe Mpu HETUHEHHBIX TPAHUYHBIX YCIIOBUSIX U CIOXKHOM IPOLIECCE TEIUIO- X MacCollepeHoca.

AnropuT™ pacueTa IpeaCcTaBisieT COO0L CHCTEMY YPaBHEHHH AJISI ONpEAeeHUs TEMIIEPATYPhl B
K2XIOM yaJie HaK/iagbpiBaeMOl Ha ceyeHre KoopauMHaTHoM cerku. KoopauHaTHast ceTKa HakIaAbiBAeTCst
TakK, YTOOKI €€ Y3JIbl PACITOJIATATUCH He TOJABKO B TOJNIIMHE CEYEHHUS, HO U ITO €T0 MIEPUMETPY, a TakKe
B LEHTPE CTEPXHEM JU1sT KOHCTPYKLIMIL ¢ TMOKO# apMaTypoii, ¥ ITO JUIMHE IOJ0K M CTEHKU B CEpeIUHE
UX TOJMHEL VTS KOHCTPYKIIUIA C 3KeCTKOH apMartypoii. LIlar ceTKu peKOMEHIYETCs 3a1aBaTh B Ipele-
1ax 0,01—0,03 M, Ho 00s3aTeNBbHO GOJIbILIE MAKCUMAIBHOTO IHaMeTpa paboueil apMaTyphl.

6.3 [Lns TEIUTOTEXHUYECKOTO PACUETa XKeNe300eTOHHBIX 31IEMEHTOB PEKOMEH/TYETCA IPUHUMATE:

K03 GULIMEHT TEIUIONPOBOIHOCTH TSLKEJIOrO GETOHa;

Ha CHIMKAaTHOM 3aIlOTHUTEJIE:

A = 1,2 — 0,00035¢, Br/(M-°C); (6.2)
Ha Kap60HaTHOM 3aTIOJIHUTENC.

A = 1,14 ~ 0,00055¢, Br/(M°C); (6.3)
A KOHCTPYKHHUOHHOTO KepaM3I/IT06eTOHaZ

A = 0,36 — 0,00012¢, Br/(m-°C); (6.4)

K03¢bGULUEHT TEIIOEMKOCTH:
JUISL TSDKEIOro OETOHA Ha CIUIMKATHOM ¥ KApGOHATHOM 3aITOMHUTENISX:

C = 0,71 — 0,00083¢, kIxx/(xr-°C); (6.3)
TSI KOHCTPYKIIMOHHOTO KepaM3UTOGeTOHA:
C = 0,83 — 0,00042, kIx/(xr°C). 6.6)
ITpuBeneHHBIA KO3(DOUIMEHT TEMITEPATyPOIIPOBOAHOCTH:
4,y = A/ (C+ 50W)p, M2/4, 6.7)
rie A u C — pacyeTHule cpenHue Ko3¢$hdUIeHTH! TeIUIONPOBOAHOCTY U TEIUIOEMKOCTY OETOHA TIPU

450 °C;
p — IUIOTHOCTB CyXOro 0eToHa, Kr/M3;
W — BecoBas 5KCIUTyaTallMOHHAS BIaXXHOCTh GETOHA, KI/KT.
B aneMeHTax ¢ XKeCTKOM apMaTypoii, y KOTOPEIX HaOJI0faeTCs ITeperal TeMITEPaTypsl 110 IIMHE
TIOJIOK U BBICOTE CTEHOK XECTKOM apMaTyphl, HEOOXOAMMO YYUTHIBATE TEIUIONPOBOAHOCTE cTamu. Koadg-
(UILLEHT TEIUIOMPOBOIHOCTH CTAJIU PABEH:

A = 58 — 0,0048¢, Br/(Mm-°C). 6.8)
KoadduumeHT TeruroeMKOCTH CTaTH paBeH:
C = 0,48 — 0,00063¢, xIx/(xr-°C). 6.9)

6.4 J{ng HauGosee YacTo MPUMEHSIEMBIX B CTPOUTENBCTBE XKeIe3066 TOHHBIX KOHCTPYKLIH (TUTHT,
cTeH, 6anox, KonoHH) ObUIN MPOBEACHE! TEIUIOTEXHUYESCKUE PACHETHI PACIIPEACICHS TEMIIEPATyD B
0eTOHE ITOIIEPEYHOro CeYEHHUA 3NEMEHTA [IPK OXHO-, ABYX-, TPEX-, U YEThIPEXCTOPOHHEM HarpeBe B
3aBUCHMOCTH OT JUTUTEIBHOCTH BO3ACICTBISA CTAHAAPTHOTO [10Xapa.

TerutoTexHuyecKoMy pacdery ObLIM IIOABEPIHYTHI XKej1e306e TOHHbIE KOHCTPYKLIMY U3 TSDKEIOro
GeToHa IIOTHOCTBIO 2350 Kr/M3, BIaXHOCTHIO A0 2,5—3 % Ha CUIMKATHOM U Kap6OHATHOM 3aII0HM-
TeNle, & TAKKE M3 KOHCTPYKLMOHHOTO KepaM3uToGeToHa IIoTHOCTRI0 1400— 1600 xr/M3 ¢ BraxkHOC-
TBIO 10 5 % (cM. mpwioxeHus A u B).

11
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7 Ilpenen OrHECTOMKOCTH IUITHT B CTEH
10 ToTepe TerIoM30JNpYIoIell cnocoOHOCTH

7.1 TemnepaTypa Ha HEOOGOrpeBAEMOI IOBEPXHOCTU KOHCTPYKLIMK [IPY OMHOCTOPOHHEM OTHEBOM
BO3AEUCTBUY 3aBUCUT OT YCIOBUI TeIIOOOMEHa Ha STON IMOBEPXHOCTH, KOTOPHI XapaKTepU3yeTcs
KO3 QULIMEHTOM TEMIOOTAAYH.

B pacueTt BBoAUTCS cpegHee apu(hMeTHYECKOe HAYabHOIO ¥ KOHEYHOTO KO3 (OUIIMEHTOB TEIo-
otaauu. HayanpHOe 3HayeHMe HAXOAST PU OBBILIEHUH TeMIiepaTypsl Ha 1 °C Ha HeoOorpeBaeMoit
moBepxHocTH. KoHeuHoe 3HaYeHne K03(OUIMEHTA TETUTOOTAAYY OTIPSACISIOT IIPH MOBLILUCHUH TEMIIe-
paTyphbl Ha HeoborpeBaeMoil moBepXHOCcTH 40 160 °C, T. €. NpH HACTYIUIEHHU TIpeesia OrTHECTOMKOCTH
KOHCTPYKLIMHU IO NOTEPE TSIUION30NUPYIOLIEH CTIOCOOHOCTH. 3aTeM TeIUIOTEXHUYCCKIM PacueToOM Haxo-
IIAT BpeMsi AOCTIKEHUS Tipeieia OTHECTOMKOCTH 10 TIOTEpe TeIUIOU30IUPYIOLIEH CITOCOOHOCTH.

7.2 Tlpenen OrHeCTOMKOCTH M0 ITOTEPE TeIUTOU30IUPYIOLIEH ClTocOGHOCTH / TPH OTHOCTOPOHHEM
Harpese IUTUT, CTeH U3 TSDKEI0ro 6eToHA Ha CWIMKATHOM M KapOOHATHOM 3aroJTHUTENE M U3 KOHCTPYK-
LIMOHHOTO KepaM3UTOOeTOHa NIPU JUTUTEIbHOCTH OTHEBOro Bo3ieicTBus 1o 300 MuH yka3aH Ha puc. 7.1.
Ing MHOTrOMyCTOTHBIX TUTUT IIPEAEN OFHECTOMKOCTH 10 TTOTepE TEIIOU30IUPYIONIEii CIIOCOOHOCTH Clle-
ZlyeT YMHOXMWTb Ha Ko3dbduuueHr 0,65.

180

]
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140 ‘///
e’
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e —

/

//,/
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>

\

100

ToaumMya IIMT, MM

80 //
60 /&
o L

0 30 60 90 120 150 180 210 240 270 300

JAUTeNbHOCTh CTAaHAAPTHOTO 1oXapa, MUH

] — Tsxenoro 6eToHA Ha CWIMKATHOM 3aTOIHUTENE; 2 — TSOKENOTo GeTOHA Ha KApBOHATHOM 3aroJIHUTeNE; 3 — KOHCTPYK-~
LIMOHHOIO KepaM3UTOOETOHA

Pucynox 7.1 — Tlpepes OrHecTOMKOCTH N0 TEIIOM30IMPYIONIEH ClIOCOGHOCTH WIMT (CTEeH) MpH OAHOCTOPOHHEM
HarpeBe 0eToHa oT cramnapTHoro moxapa mo 'OCT 30247.1

8 Pacuer npeaena OrHecTOHKOCTH
10 moTepe Hecymleil cnocoGHoCTH

OCHOBHbBIE YCIOBHSA

8.1 OrHecTONKOCTb IT0 ITOTEPE HECYLLEH CIIOCOOHOCTH Xele306eTOHHBIX AIEMEHTOB IIPH OTHEBOM
BO3AEMCTBUY CTAHAAPTHOTO MOXAPA PACCYUTHIBAIOT CJIEAYIOLIMM OGPa30M.

J1sL IPUHSITOYO MO MPOEKTY pasMepa cedeHus, B 3aBUCUMOCTH OT Buaa GeToHa U TpeOyeMoro
TIpesieNia OTHECTOMKOCTH R, TEIUIOTEXHUYECKUM PACYeTOM WIH O NPWIOXeHUaM A u B Haxomar pac-
npeleneHue TeMIepaTyprl B O€TOHe CeyeHUsI 3iieMeHTa ¥ TeMIIEPATyPy HArpeBa apMaTyphl.

12
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Ecnu koo duumenT y,, IPUHUMAIOT paBHEIM 1, TO ONPeNeNA0T LIyGUHY IIporpesa 6eToHa a, 1o
KPUTHYECKO! TeMIiepatypsl (pyc. 8.1 1 §.2). YcTaHaBIMBAIOT IPUBEAEHHBIE Pa3Mephl CeYeHMs 10 Gop-
mynam (8.1—8.8) 1 B hopmynax nMpoYHOCTH HOPMANBHbIX U HAKJIOHHBIX CEYEHMIl MCIIONMB3YIOT R
Rbm’ bt’ hr’ b’fr’ hlft’ Ared u hot'

Korna npyxumaror kosduimenT v,, < 1, KOTOPBIA 3aBUCUT OT TEMIIEPATyphl 6€TOHA, CHayaIa
orpenensiot R, no dopmyne (5.1) u R, mo dopmyne (5.2) mwis KaXmOi 4acTH CEYEHHS M MX
3HAYEHM ITOACTABIAIOT B QOPMYJIBI NPOYHOCTH HOPMAJIBHBIX Y HAKJIIOHHBIX CeYEHUH C AeCTBUTEND-
HBIMM pa3MepaMu CeUeHUMN.

OrnpenessiroT NPOYHOCTE CEYEHUS KeJIe300e TOHHOTO 3JIEMEHTa OT AeHCTBUA HOPMATHBHOIM Ha-
TPY3KK U CTAHNAPTHOIO MoXapa npu tpedyeMoM npeaese orgecrolikocti. Ecnu BrlYMCHeHHAS poY-
HOCTB 60JIbLIIE MJIM paBHA IIPOYHOCTH CEYEHUs] OT HOPMATUBHOM HATPY3KHK JO 110XAapa, TO TpeGyeMblit
IIpenes OrHECTOMKOCTU O0ECTICUCH.

8.2 TIpu pacyere Xeje300€TOHHBIX 3JIEMEHTOB NMPUBEAEHHBIE Pa3MePhl CEYEHMIT MPUHUMAIOT
pPaBHBIMU:

MIpY TPEXCTOPOHHEM Harpese:

bn>

LIHpUHA OAJIKK, KOJIOHHBI , = b—2a, 8.1)
IIMPHHA TTOKK by = b’f —2a, 8.2)
BBICOTA MOJIKH h’ﬁr = h’f— a, (8.3)
BBICOTa CeYeHUsI GaKM, KOJIOHHb A, = h — a,; (8.4)
TUIOILAIb GanKu Ay =095(b — 2a)(h — a); 8.5)

TIPY YETHIPEXCTOPOHHEM Harpese:
BBICOTA CEYEHISI KOJIOHHBI h,=h—2a,; (8.6)
IIOINAIb CEYEHUS KOJIOHHBI Ay =09 — 2a)h — 2a). 8.7)
Pa6oyas BbicoTa ceyeHUS IIPU HArpeBe CO CTOPOHBI CXKATOH 30HBI paBHa:

hy, = hy — a, (8.8)

I'ny6una nporpesa GeTOHa a, 10 KPMTUYECKOH TeMIIepaTypsl B 0ajkax OT HarpeBaeMoli IpaHu
ceyeHus1 JaHa Ha puc. 8.1.

izl

122 T20\ TS8O 280\, Tsopec 0) iig TIO\50\80\ 220\, I=600°C @

120 VA N \\ 120 20 A A

2 o % EAVANANANAN

a0 — VAN NN N N N E-NAVANR VAR N

0 NN\ €0 ADUNN NN
N\

50 N . \\\\
—— . 30~ I "
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Ulupuna Banku, MM [IupuHa Ganku, MM

I — 1, = 500 °C — Ha cuaukatHOM sarionuutene; 2 — f, = 600 °C — Ha KapGoHaTHOM 3amonHuTene; 30—240 —
BpeMsI IpOrpeBa, MUH, OT cTaHaapTHoro noxapa no 'OCT 30247.1

Pucynox 8.1 — T'xyGuna nporpesa a, 10 KPHTRYECKOH TeMIEPaTypPhl t,, ., TAKEIOrO 0erona B 0ajKe OT Harpepae-
MOIi rpanyn cegeHHns
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I'my6urHa nporpesa 6eToH2 @, 10 KPUTHUYECKOH TEMIIEPATYPEI B KOTOHHAX MPH YETHIPEXCTOPOHHEM
OTHEBOM BO3AEMCTBUY [IOKa3aHa Ha puc. §.2.

a, MM
100
\240 MUH a, MM
- o r
80 N 80 535
150 My @ 70 ‘43&3 w30 MitH =600°C
70 S MAH Lo
60 120 MUH., 60 150 MUH\ \\ -
50 90 MuH \ — 50 120-mu \\ N S~ @
40 40 +90-MuH P — ]
60 Mt 30 ™~ N i S
30
S~ 50 |60 MUH
20 30mH]
10 10 Ak
|
0 200 400 600 800 1000 0 200 400 600 800 1000
LUV[pMHa KOJOHHBI, MM I.Hupm-xa KOJIOHHBI, MM

1 — Ha CUNVIKATHOM 3arlofHuTeNe; 2 — Ha KapOOHATHOM 3aIlONHUTeNe

Pucynox 8.2 — T'nybuna mporpesa a, 10 KPUTHYECKOH TeMNEPaTyphi TSIKENOro GeTOHA B KOJOHHE NpH BO3Jei-
CTBHM TeMmeparypsl cTaHaaprHoro moxapa no ['OCT 30247.1

It

8.3 XKene3o6eTOHHbIE ITUThI, OIIEPTHIE 10 IBYM NPOTUBOIIONIOXHBIM CTOPOHAM, IIPA OIHOCTO-
POHHEM HarpeBe CHHU3Y pa3pyLIalOTCs B pe3ysibTaTe 06pa30BaHUs IUIACTUYECKOTO LUAPHUPA B CepeiHe
IIPOJIETA U3-3a CHIKEHMsI HOPMATUBHOTO CONPOTHBIICHHSI apMATYPhl PACTSKEHUIO IO KPUTHYESCKOTO
3HAYEHUS] HalPSDKEHUST OT HOPMATUBHO# Harpy3ku (puc. 8.3).

Bo MHOruX ciyyasgx MOXHO rpeHebpeyb NporpeBoM GeToHa CXaToil 30HBI M CXATOM apMaTypHl,
TaK KaK OHYM HarpeBalOTCsl HE3HAYUTENBHO.

ITpoyHOCTb CeYEeHUS IIUT ITPOBEPSIOT 1O hopMmyIe:

M= R, bx(h, — 0,5%) + R A (h, — d). (8.9)
HpI/I 3TOM BBICOTA CXKaTOM 30HKI OITPENCACTCA:

x=(R,,A,— R _A)/R,b. (8.10)
Ecnu temneparypa cxaroii 30HBI G€TOHa M CXAaTOH apMaTyphl BHICOKas, TO B popmyJsl (8.9) u
(8.10) BBOZAT HOPMATHBHOE COIPOTUBICHUE GETOHA CXKATHIO, BRIYUCICHHOE 110 dopmyne (5.1), u
COIIPOTHBJICHUE CXKATUIO apMATYPHI, orpeacneHHoe o hopmyse (5.9).
B cuiibHO apMUpPOBaHHbIX rHTax Mpu & < & , OIMYCKAEeTCs X MPOYHOCTD OMpPENEATb N0 HopMy-
Je:
M=R

snt

Ak, — 0,5%) + R, A (0,5x — ). 8.11)

sct

Bricoty cxatoit 30Hb! onpeaensior no dopmyine (8.10).

8.4 Kpurndeckoe 3HaueHue koadduirenTa ycinoBuil paboThl pacTSHYTOM apMaTypbl, KOraa
€ < &, BRIYHCIIAIOT IO opMyaM:

TIPY ONMHOYHOM apMUPOBAHUY

Yster = Mn / R:n As(h() = 0,5%); (8.12)
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Pucynox 8.3 — Cxema ycuinii M 3II0PA HANPSIKEHMil B CEYCHHH, HOPMAJLHOM K TPOJOJIbHON OCH: 6an0uHOii
IUIMTHI B niposete (@) M KOHCOJIbHOI INATHL HA onope (6 ), 000IpeBaeMbIX ¢ HIDKHEH CTOPOHBI

R&(!Ail

IIPY ABO¥HOM apMUPOBAHUU
Yst,cr = [Mn - RsctA,s(O’sx - a,)] / Rsn As(hO - O’SX)’ (813)

rae M, — MOMEHT OT HOPMaTUBHOM Harpy3Ku.

BricoTy cxxaroit 30HBI onpenensior o dopmyne (8.10).

3Hasg KpUTHYECKOe 3HaYeHHue Ko bummeHTa ycnoBuit paboTel apMaTyps Yst,cpr B 3ABUCHMOCTH
OT KJIaCCa apMaTyphl 10 Tab1. 5.5 onpeaessior KPpUTHIECKYIO TEMITEpATypy HAarpeBa apMaTyphl Loor

Bpemst HacTyIuIeHUS nipejeria OTHECTOMKOCTHA HaXOMAT 110 KPUBBIM IIpOrpeBa GeTOHA IIHT (CM.
puc. A.1—A.6 mpwioxenns A). Ha BepTUKaIbHOR OCH MPOTpeBa IINTHI HAXOAAT 3HAYEeHIe KPUTHYEC-
KOM TeMIlepaTypbl apMaTyphl U IPOBOAST FOPU3OHTAJIBHYIO TIPSIMYIO JIO TIEpECEYEHUs C KPUBOW Harpe-
Ba 6eToHa, pacroOKEHHOTO Ha PACCTOSIHUY, PABHOM PACCTOSIHUIO OT OCH apMaTyphI 10 HarpeBaeMoil
MIOBEPXHOCTH IIUTHL. M3 3TOM TOUKM OITyCKAIOT MEePNeHAUKYIISAP A0 MepecedeHUsI ¢ TOPU3OHTANBHOMN
OCBIO U HaxoIsIT AJIUTEIbHOCTh CTAHAAPTHOTO MOXapa B MUHYTAX, COOTBETCTBYIOLILYIO IIPEAeay OrHe-
CTOMKOCTU R IUIMTBI IO TOTEPE HECYIIEH ClIOCOGHOCTH.

MHoromycToTHbI€ ILTHTHI

8.5 B MHOTOIYCTOTHBIX [UTUTAX ITpelie] OTHECTOMKOCTH MOXET HACTYITUTh MIPY AEHCTBUM U3rHba-
IOLLErO MOMEHTA OT HOPMATHBHOM paBHOMEPHO paClpeAeSIeHHON HAIPy3Ky, B OMTACHOM HAKJIOHHOM
CEYEHHHU OT IOMNEPEYHOH CHIBI M NPOCKAIB3bIBAHUS APMATYPBl HA OMOPEe MPHU HarpeBe KOHTAKTHOTO
cnost 6eTOHA U apMaTyphl I0 KPUTUYECKON TeMIIEpATyPEHIL.

Pacyer orHecToiikocTy Ipu AeHCTBUM U3rHGAIOUIEr0o MOMEHTA B ONIACHOM HAKJIOHHOM CEYEHUN
MPOU3BORUTCS U3 yeaoBust (8.63). ITonyueHHEI MOMEHT YMHOXAIOT Ha Ko3bduureHsT 0,9.
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IIpu orHeBOM BO31EHCTBUY MOMEHT, BOCIIPUHUMAEMBIH IPOI0IBHOM apMaTypOii, nepeceKar-
LI PacTSAHYTYIO 30HY HAKIIOHHOTO CE4YEHUS, ONIpene/isitoT u3 yciosus (8.606).

Yeunue N, B Gopmyrne (8.64), BOCMPUHUMAEMOE aHKEPYIOIMM CTEPXXHEM apMatyphl Npu d, < 32
B 30HE aHKEPOBKU, ONPEIENAIOT 1o hopMyJie:

Ivs = (anbtm lsus / O() < Rxm As’ (814)

e 1, — KOo3QQUUUEHT, YIUTHIBAIOILUIA BIUSHIAE BUAA NIOBEPXHOCTY apMaTypHI M paBHbii 1,5 — st
rmankoit apmarypsl; 2,0 — Ui X0NoAHO-1eOPMUPYEMOId apMaTypbl EPHOANYECKOTO 1TPO-
ung; 2,5 — [ ropsueKaTaHoO apMaTyphI IEPUOAMYECKOT0 Ipoduis;

R,,,, — HOpPMaTUBHOE COMPOTHUBIICHHE G6ETOHA OCEBOMY PACTSDKEHUIO, ONpeesieMoe no hopMysie
(5.2), B xoTOpO# KOIPHULMEHT YCI0BYSA pabOTE GETOHA Ha PACTKEHHE Y, NPMHUMAIOT B
3aBHCHMOCTH OT TEMIIEPATYpPhl 6E€TOHA, paBHOM TeMIIEpaType aHKEPYIOLUETO CTEPXHSA Ha
onope. TeMIiepaTypy apMarypbl B 30HE aHKEPOBKH [TPY ONTMPAHUH IUTUThL Ha XKele306eTOH-
HbIY puUresib UM CTEHY NPHHUMAIOT paBHOii 0,8 ; Py ONVPaHWU Ha METAJUTMYECKYIO Gal-
Ky — 1

I, — paccTosHN’eE OT KOHIIa aHKEPYEMOIO CTEPXKHS 10 PACCMATPUBAEMOTO [IONEPEYHOTO CEYCHHUS
TUTUTH, [IPUHUMAEMOTO B Ka4eCTBE JUIMHBI aHKEPOBKM (He MeHee 15d, u 200 mm), Tpebye-
MOJi [UIS TIepeiayn yCUIs B apMatype N, Ha 6€ToH,;

U, — TIEPUMETP TIOTIEPEYHOrO CeYEeHUs aHKEPYEMOTO CTePIXKHS, ONPEAENIeMBIit [10 €10 HOMHHAIb-
HOMY JHAMETPY;

o — KO3(pOULUEHT, YUUTHIBAIOIIUI BIMSHUE HANPSKEHHOTO COCTOSIHUS GETOHA U apMaTyphl U
KOHCTPYKTHUBHOTIO PELCHWUS JIEMEHTA B 30HE aHKEPOBKY Ha JUIMHY aHKepoBKHM. IIpu aHke-
POBKE CTEPXXHEHN NEePUORUUECKOro Npoduns ¢ NpIMBIMU KOHUAMU WU [aAKoi apMaTypsi ¢
KPIOKaMU WU NETISAMU 03 JOMONIHUTENbHBIX aHKEPYIONMX YCTPOMCTB O IPUHMMAIOT paB-
HbIM 1,0 1V pacTAHYTHIX CTEPXHEH U paBHBIM 0,75 — IS CKATBIX CTEPXKHEH.

MoMeHT, BOCIIPMHUMAEMBIif XOMYTaMH B MPeesiaX PACTSHYTOM 30Hb! HAKIIOHHOTO CEYeHUs MpY

OTHEBOM BO3IEHCTBUU, ONPEAEIIIOT 110 hopmyie (8.67).

8.6 3a npejes OrHECTOMKOCTH MHOTOIYCTOTHOM IIMTHI IPUHUMAETCS MUHMMANBHOE 3HAYCHUE

U3 NIPENIEIOB OTHECTOMKOCTH NP 00pa30BaHUM IUTACTUYECKOrO LIIADHUPA B CEpeIHE IPOJIETa U Y Kpas

HAKJIOHHOW TPELUMHEL.

Jist onipefeneHus npeiena OTHECTOMKOCTY MOMEHT IIPY 00Pa30BAHUM IUIACTHUYECKOTO IApHUpa B

cepelyHe Npojera onpenessior no gopmynam (8.9) u (8.11), B KOTOphIX BMECTO LIMPUHBI pebpa b

[IOACTAaBJSAIOT IIMPUHY CXKATOM ITOJNIKH b’/, U ITOJIyYeHHBI MOMEHT YMHOXaroT Ha 0,9.

KoHnconbHbIe IIHTHI

8.7 KoHCoNpHBIE [UTUTH UMEIOT XKECTKYIO 3aIeJIKy Ha OlHO orope. ITpu 0XHOCTOPOHHEM OrHe-
BOM BO3ECHCTBUY CHU3Y MPOYHOCTh OITOPHOTO CEYEHHUS CHIDKAETCS, B OCHOBHOM, 32 CUET HarpeBa 10
BBICOKUX TEMIEPATYD CXKATOTO GETOHA U, KAK CNEACTBUE, YMEHBIICHUS PACYEeTHON BBICOTH! CEYEHUS
(cM. puc. 8.3,6). PacueTHas BHICOTA CEYEHUS YMEHBIIAETCS HA TOMILMHY €105 GETOHA 4,, IPOrPeToro 0
KPUTUYECKOM TeMIIEPaTyPBI.

ITpoYHOCTE OIIOPHOTO CEYSHMS IIPU JeHCTBUU HOPMATMBHON HArpy3KU U OTHEBOM BO3IEHCTBUU
CHHU3Y ciiefiyet onpenensts no dpopmynam (8.9) u (8.11), B kotopsIx (/, — 0,5x) 3amensior Ha (h), —
0,5x), a 3navenue Ay, BBIYUCIAIOT 10 Gopmyie (8.8).

JLnst it 3 G6etoHa KiaccoB B30 U HUXe ¢ HEHAIpAraeMoit apMaTypoit, €CJIM MOIYYEHHOE U3
pacuera o GpopmyJe (8.10) sHauenue x > &ghy, , NOIMYCKaeTCS MPOU3BOAUTD pacyeT 1o ITuM dhopmy-
naM, NPUHAMAS BRICOTY CXATOM 30HBI X = § g, .

Bamxn

8.8 B monasnAoLieM GOJBLIMHCTBE CITy4daeB Galky BO BpeMsi IToXKapa IOABEPraoTest TPEXCTOPOH-
HeMy HarpeBy. OrHeBOMY BO3ACHMCTBUIO ITOABEPTAKOTCS HIDKHSST TOPU30OHTAIBHAS TIOBEPXHOCT U IBE
GOKOBbIE BEPTUKAbHBIE NIOBEPXHOCTU. [IporcxomuT HarpeB He TOJIbKO pacTIHYTOM apMaTyphl, HO U
OeTOHa CXaTOM 30HLBI U CXKATON apMaTyph! (puc. 8.4).

8.9 MoMeHT, KOTOpEI/ MOXET BBIISPXKATh GaNika MPsIMOYTONBLHOTO TONEPEYHOrO CEUeHHS, Orpe-
Aensiior 1o dopmynam (8.9) u (8.11), B KOTOpIe BMECTO b MOACTABNAIOT NPUBEACHHYIO LUMPUHY
Ganku b, BolyucneHHyo 10 Gopmyie (8.1).
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@ — TNPSIMOYTOJILHOTO CEUeHMsA, O — TaBPOBOTO CEYEHHSI C CXKATOM 30HOM B ITOJIKE; 6 — TABPOBOTO CEYEHUS C CKATOM 30HOM
B pebdpe

Pucynox 8.4 — Cxema ycHJIMit ¥ 3MI0PA HANPSDKEHUI, BOSHUKAIOMMX B CeIeHUN, HOPMAJILHOM K IIPOJIOJLHOA OCH
H3rH0aeMoro xejie300eTOHHOrO JIEMEHTa, 0T TPEXCTOPOHHEr0 OTHEBOrO BO3JEHCTBHMSA NOXapa, NPH pacuere Ha
OTHECTOHKOCTh

ITpOYHOCTE TABPOBEIX U ABYTABPOBBIX H3rMGAEMBIX 3JIEMEHTOB OIPENESSIOT B 3aBUCUMOCTH OT
MONOXKEHUS cXaToil 3001, Ecnu rpaluia ¢XaToil 30HbI IPOXOAUT B MOJKe (puc. 8.4,6), TO JOIXKHO
cOBMI0aTECS YCTIOBUE:

’ 4
R, A <R Wyt R

snt*7s sct

A, (8.15)

Eciiy rpaHuiia CXaToi 30HBI IPOXOIUT B ITOJIKE, TO PacyeT CJIENYET BBITIONHATh KaK IS IIpaMo-
YIOJILHOTO CEUeHMS MMPUHON b’ﬁ. B popmysn (8.9) 1 (8.11) BMecTO b IOACTABNSIOT WMPUHY ITONKK
by, BBIUCIEHHYIO TTO dbopmyne (8.2).

Ecnu rpaHuiia ¢xaToi 30Hb! NpoXoauT B pedpe u yenosue (8.15) He BEINOMHAETCS, TO 3HAYCHUE
MOMEHTA OTIPEASISIOT 0 hopMyIe;

M= R,b,x(hy = 0,50 + R, (b, — bl y(hy — 0,5 ) + R A(hy = ). (8.16)
17
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[1pu 3170M BEICOTY CXaTO# 30HLI GETOHA ONMPEEIAIIOT IO (PopMyJIe:
x=[R, A~ R A~ R, (b~ b,)h’ﬁ] / R,b, 8.17)
8.10 B 6ankax, apMUPOBaHHBIX PA3HEIMU KJIACCAMU CTasIelt IIpY MHOTOPSITHOM apMHPOBaHMH,
apMaTypa psinoB Pa3HbIX YpOBHel GyleT HarpeBaTECA HEONUHAKOBO. B aToM ciiyyae nipu & < § , [IPOYHOCTD
BBIYUCIIAIOT 110 QOpMYIE:
M=2XR

snt

A(h, — 0,5%) + R, 4 (0,5 — ). (8.18)

'sct

8.11 Kpurnyeckas TeMiepaTypa pacTSHYTOH apMaTyphl M3TMOGaeMbIX 3MeMEHTOB npH & < & R
OTIPEAENSAET HACTYTUTEHUE TIPEaesa OTHECTOMKOCTH IO IIOTEPE HECYIIIE CITIOCOOHOCTH.

Kpurnueckoe sHayeHue kxo3ddunnenra yeiuosus padoThl paCcTIHYTON apMaTyphl BBIYUACIISIOT:

B Oankax NpsIMOYTOIBHOIO CeYESHMUS IIPU OMUHOYHO apMaType (6€3 ydeTa cxKaToit apMaTypel) o
dopmye (8.12);

B fankax NpsiMOYTOJIbHOTO CEYEHMS C YIETOM CXaTOM apMatyphl 1o dopmyne (8.13);

B GayiKax TABpOBOIO CEYEHMS, KOIJIa IPaHMUIIa CXXAaTOH 30HKI IIPOXOAUT B pedpe:

Ysor = (M, — A— B) /| R, A(hy — 0,5%); (8.19)
A= Ry[b,x(hy = 0,5%) = K (hy = 0,5Kp)}; (8.20)
B=R_A(hy— ). (8.21)

3HayeHHUe BHICOTHI CXATOM 30HbI OIpeacstior o dopmynam (8.10), (8.17), NpUBEeAeHHYIO LU~
puny 6anku b, — o ¢popmyie (8.1), HUPUHY MONKK b’ﬁ — 1o opmyne (8.2).

3Hast KpUTUYeCcKoe 3HaueHue KoadduLieHTa yCIOBUi paboTE apMaTyphl Yst,cr» B 32BUCHMOCTH
OT KJIacCa apMaTyphl, IO TalJI. 5.5 ompenensioT KpUTHUECKYIO TEMIIEpATypy HarpeBa apMaTyphl LA
KpaiHero CTepXHsl apMaTrypsl B Ganke. 3Hasl pacCTOSTHUE OT OCH apMaTyphl 10 HUXHEN U GOKOBOM
MIOBEPXHOCTEN OaiKu, Ha cxeMax Imporpesa 6anok (cMm. pucyHku b.7—b.22 npunoxenusa b) Haxonat Ty
cxeMy Iporpepa 6anku, B KOTOPOi TeMiepatypa GeTOHA paBHA KPUTUUECKOH TeMIIEpaType OCU apMary-
PpHI KpaitHero cTepxHA. Ha 3T0if cxeme cBepxy yKasaHa [UTUTEILHOCTb CTAHAAPTHOTO IToXapa, KoTopast
OyZIeT COOTBETCTBOBATD IpeIeTy OTHECTOMKOCTH OAJTKH IO ITOTePe HECYLIel CIIocOGHOCTH R.

IIpu npOMEXYTOYHEIX 3HAUCHUSX TEMIIEPATYPBI £ , Ha CXeMaX Nporpesa GaloK Npeien orye-
CTOMKOCTHU OTPEIESIeTCA MO JMHEHHON MHTEPIIONALIUY.

KoJioRHEI

8.12 KoJIOHHEI, HaXOASHIMECs] B CTEHAX, MOTYT IIOJIBEPTaThCY OTHEBOMY BO3AEHCTBHIO C OMHOM
CTOPOHBHI, a TAIOKE C IBYX ¥ TPEX CTOPOH. OTAEIBHO CTOSIIIHE KOJIOHHBI, KaK IPaBUIO, TIOIBEPraloTCs
OTHEBOMY BO3OEHMCTBHIO C YETHIPEX CTOPOH.

OrHeBoe BO3AEICTBHE BRI3BIBACT HEPABHOMEPHOE pacrpelesieHUe TeMnepaTyphsl B 6eTone Imo
MOMepeYHOMY CeYeHHIO KOTOHHBI. [TepudepuiiHbie cnou 6eTOHA MPOrPEBAIOTCs 3HAYUTENBHO GOoMbLIE,
4YeM BHYTPEHHHUE, YTO IIPUBOAUT K CHIDKEHHIO IPOYHOCTY U CHIIbHOMY pa3BUTHIO JedopMarivii 6eToHa
y KpaeB ce4eHUs KOJIOHHBL. MeHee HarpeThlil 6eTOH EHTPaJIbHOM YacTH cedeHus 001afnaeT Gobuleii
IPOYHOCTBIO M MEHbLIEH fe(hopMaTHBHOCTEIO. PaspynieHue KOMOHH MPOUCXOAUT MO MEHEE HarpeToMy,
6oree rIpoyHOMY GeTOHY npu AedopMaliuu ¢xXatus, 6IM3KO K npeAeabHOIA.

B apmarype, pacrioioXeHHO Y KpaeB CeYeHHUST KOJIOHHbI, [IPY BHICOKUX TEMITEPATypax Harpepa
pa3BUBAIOTCS OOJBLIME TUTACTUYECKHUE NehOPMALMH, U OHA MEPECTAET BOCHPUHUMATD YCUIMA OT BHEII -
HEH Harpy3ku, KOTOpbI€ NepelaloTCsl Ha MEHEE HArpeThiii 66TOH B LIEHTPAJIbHOM YaCTU KOIOHHBL.

8.13 PacueT npovHOCTY NP YETHIPEXCTOPOHHEM OTHEBOM BO3AEHCTBUU IPAMOYTOJIBHEIX CEYEHUI
BHELICHTPEHHO CXAThIX KONOHH C apMaTypoi, PacnoNOXeHHON Y MPOTUBOIIONOXHBIX B ILNOCKOCTH
u3ru6a CTOPOH CEYEHNs], IIPU IKCLEHTPUCUTETE NIPORONLHON CIIb] €) < /2 /30 u rmOKocTH A = [y / h <
< 20 npou3BOAAT Mo GopMye:

N= (p(Rbn Area' + RsctAs,tot)’ (8.22)

rae A,, — TpUBeeHHAas IUIOUIANb CEYeHHs, KOTOPYIO onpeaesaioT no dopmyne (8.7);
As’ or — TUIOLIANb BCEW MPONOILHON apMaTyphl B CEYEHUH.
8.14 KoadpduureHT npogoIbHOro U3ruba ¢ Iyt HarpeThiX NPSAMOYTONBHBIX H KPYTIBIX KOJIOHH
cieayeT NpUHUMATh B 3aBUCHMOCTH OT OTHOLUEHMS PAaCYETHOM JUIMHBI KOJIOHHBI / K IIPUBEAEHHBIM
BBICOTE h, iy AnameTpy d, 1o Tabn. 8.1.
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Ta6auua 8.1

L/ h, 6—12 16 20
L/ d, 5—10 14 17
@ m1a Tsxenoro 6eToHa 0,90 0,80 0,70
¢ I KOHCTPYKLMOHHOTO KepaM3UTOOETOHa 0,85 0,68 0,55

TTnolians NPUBEAEHHOTO KPYIJIOTO CEUEHMS:
Ay =0,785d? = 0,785(d — 2a)%. (8.23)

[TpuBeneHHas BEICOTA CEYEHMA KOJIOHHBI /1, onpenensgercs o opmyne (8.4) mnu (8.6).

I'ny6ury nporpesa GeTOHa a, /It KpYIJIO# KOMTOHHB! HAXOAST 110 puc. 8.2, mpuHumMas d, = 0,9,
¥ HaHIEeHHOE 3HAYEHHUE g, YMHOXAIOT Ha Koo duiment 1,11.

8.15 Pacuer mo NpovYHOCTH NPSMOYTOJIBHBIX CeYEHU BHELIEHTPEHHO C3KAThIX KOJIOHH IIPH OrHe-
BOM BO3€HCTBHUU IIPOU3BOASAT U3 YCIIOBUS:

Ne < R, b, x(hy, — 0,5x) + R, A (h, — ). (8.24)

bn”'t sct
BricoTy cxaToif 30HbI orpenensioT 1o dopmysie (puc. 8.5):
npu€=x/hy<&y
x=(N+R,A —R_ A)/R,D, (8.25)

snt s sct

npué=x/hy2&,

x = N+ RsntAs(1 +‘E=R)/(1"§R) ‘RsctA; .
Rbnbt + 2RsntAs /h()(l - &R)
IIpu 4eTHIPEXCTOPOHHEM OFHEBOM Bo3zeiicTBMHU B dopmyre (8.24) BmecTo (hy — 0,5x) BBOIAT

(hg, — 0,5x). TIpuBEEHHYIO BHICOTY CEYEHUS /y, OnpenensioT no dopmyne (8.8). IlpuseneHHyIo MMPUHY
b, B opmynax (8.24) u (8.25) ompenensior mo opmyne (8.1).

(8.26)

a) 4
" Ry -
| e—e IR 8
Y L ::RbnArcd —
Q E o
QS - t_____ S
P e e——— | RsmA; a
— SN el P
TS
A b
6)
]\,: Rbn -
d “—"‘"RWA\ ! EE
&7 :RbuArctl —
Y pe—
9 — -
ey RxmA) z—’

a — TIPY TPEXCTOPOHHEM; 6 — IIPU YETHIPEXCTOPOHHEM 0GOIpeBe U pacueTe Ha OTHECTONKOCTh

Pucynox 8.5 — CxeMa ycuwnii u 510pa HANPAKEHHHA B CeYeHUH, HOPMAILHOM K NPOJOJIBHOA OCH BHEHEHTPEHHO
CKATOro Kej1e300eTOHHOr0 JJIeMeHTa
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8.16 DKCUEHTPUCUTET WIM PACCTOSIHIE OT TOYKHU MPWIOXKEHUS IPOXOIBHOMN CHIIBL N IO LIEHTpa
TSDKECTH CEYECHHUs PACTAHYTOM WIM MEHee CXAaTO apMaTyphl KOJOHHB! MPU OTHEBOM BO3EHCTBUM
ornpezesteTcs o crenyouei gopmyse:

e=¢emn t+ 0,5(hy, — a) + ¢, 8.27)
e =M/ N. (8.28)

3Havuenme K03¢hOUIUECHTA, YIUTHIBAIOIETO BIUSHIE TPOIOIBHOrO U3rnba KONOHHK Ha €€ HeCy-
1LYI0O CIIOCOOHOCTb, OIpeaessioT no GopMmyse:

n= l—_—N 8.29)
N,
YCI0BHYIO KPUTHYECKYIO CIUTY ONPENENSIoT 1o hopMye:
= utD / |2 (8.30)

2KecTKOCTB Xe/1e300€TOHHOTO IEMEHTA B IPEAEIbHOM MO MPOYHOCTH CTANMH JOITyCKAETCS OIIpe-
JIensITh 110 hopmyine:
_0 15E,,J
(] (0, 3+ Se)
rae J, J, — MOMEHTHI MHEPIMA COOTBETCTBEHHO GETOHHOIO Ce4eHUs Y CeYeHMsT BCelt NMPONOIbHOMN
apMaTypbl OTHOCUTENIEHO LIEHTPA TSDKECTH TIOTIEPEYHOTO CEYEHHUS HIIEMEHTa;

E,, E, — monynu ynpyroctu 6eTOHa ¥ apMaTyphl P OTHEBOM BO3NEHCTBUM, OTIpeNENsIeEMbIE 110
dopmynam (5.3) u (5.10);

+0,7E,J,, (8.31)

¢, — K03Gh@ULUMEHT, YIUTHBAOMMIA BIMSHUE JUIMTENILHOTO NEHCTBUS HAIPy3KH Ha POTrH6
9JIeMEHTA B Ipe/IeIbHOM COCTOSTHUM:
=1+ (M / My, 8.32)

rme M, M, — u3rubaroie MOMEHTBI BHEUIHMX CYJI OTHOCUTENBHO IICHTPA TSDKECTU CEYSHMS pacTsi-
HYTOM (WM MEHee CXaToil) apMaTyphl COOTBETCTBEHHO OT ACUCTBUS IIONHOM HArpy3-
KU ¥ OT JefCTBUS IMOCTOSHHBIX U JUTUTEIbHBIX HATPY30K.
SHaueHue 3, OTIpeAeNAeTCA no GhopMye:

3, = €y / h,, HO He menee 0,3. (8.33)

IIpu oxHO-, ABYX- WIN TPEXCTOPOHHEM HEPAaBHOMEPHOM HarpeBe IO BHICOTE CeYeHUS BHELIEHT-
PEHHO CXXaTO# KOJIOHHBI AOITOTHUTENBHBINA SKCLIEHTPUCHTET (WM IPOTKO) OT OTHEBOTO BO3ACICTBUSA
OIIpeAesIoT 1o hopmyre:

e, = a (o1, — oyt / 8hy, (8.34)

Ilpu 4eTHIPEXCTOPOHHEM Harpese e, = 0.

J7151 KONOHH ¢ HeCMEINAIONIMMM 3ajeIKaMH Ha ByX KoHIax (6e3 mosopota) §, = 0,54 a = 0,55.

JI7151 KOJOHH ¢ HECMEILAIOIMMHU 3aleJIKaMy Ha IBYX KOHIIAX C ITOJATIUBHIM OrPaHUYEHHBIM
nosopotoM £, = 0,8/, a = 0,7.

JIng KONOHH ¢ INapHUPHEIMUA OMTOPaMHU Ha IBYX KOHUAX [, = [; a = 1,0.

Koabduuuenr o, MpUHAMAIOT 1O TabJl. 5.2 B 3aBUCHMOCTH OT TEMIIEPATYPHI GETOHA MeHee
HarpeToi CXaToi rPaHy CEeYEHHUs M ¢, — IO TalJl. 5.6 B 3aBUCUMOCTHU OT TEMIIEPATYPEI apMATYPhl Y
HarpeBaeMoil rpaHu.

8.17 DKCLIEHTPUCHUTET, UK PAaCCTOSTHHE OT TOYKHU MPHJIOXKEHIS MPOAONBHOM cuibl N 10 eHTpa
TSDKECTH CCYSHUA PACTAHYTOM WIIM MEHee CXATOH apMaTyphl KOJIOHHBI IPH YETHIPEXCTOPOHHEM OTHE-
BOM BO3IEICTBUH, JOITYCKAETCS OIIPeNesIATh o dopmyIe:

(EpTrea / NIG) -1

(8.35)

rne E, — onpexnemstor mo ¢popmyne (11.8);
J g — 10 dopmyrne (11.9).
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8.18 KocBeHHOe apMupOBaHMe CETKAMM MJIM CIIMPAISIMU ITOBHIIIAET Mpeaesl OTHECTONKOCTU B
cpeaHeM Ha 20 %. PacyeT orHecTOMKOCTH KOJIOHH MPY KOCBEHHOM apMMPOBAaHUH CIIeAYET BBIIOAHATD
no dopmynam (8.22) wiu (8.24), noncTasisisa B 3TU POPMYJIBl BMECTO R, NPUBEICHHYIO MPUIMEHHYIO
MPOYHOCTb 6eTOHA Ry, .1, OTIPENENCHHYIO C Y4ETOM BIIMSTHIS OTHEBOTO BO3JECTBIS HA HOPMATHBHbIE
COIPOTHUBIICHUS APMATYPHOM CTAIX CETKM VIIH CIIUPATH.

Hecymue cresb

8.19 XKene306eTOHHEIE HECYIIUE CTEHBI CIUIOLIHOTO CeYEHMS ¢ TUOKOCTBIO A < 83 (/; / h, < 24)
MPY OTHOCTOPOHHEM OTHEBOM BO3MEICTBUY, C KECTKUMM HECMELIAEMBIMU OIIOPaMM, KOTAa MPOAOJib-
Hasl CXMMAIOLIasi Cia IPWIOXEHAa C HAYAJIbHBIM WIHM CIy4aifHBIM 3KCIEHTPHUCUTETOM CO CTOPOHEI
oborpeBaeMoii IOBEPXHOCTU, pabOTalOT Ha BHELIEHTpeHHOe cxartue. IIpees OrHecTOMKOCTH 110 IoTepe
Hecyllleil CIOCOGHOCTH HACTYTIAeT IIPH XIPpOruGe CTeHbI, HAPABIEHHOM B HEO0OIPEBAEMYIO CTOPOHY.

ITporu6 oT HepaBHOMEPHOTO HAarpeBa CTeHbI MO BHICOTE CEYEHMUS B pacyeTe He YUUTHIBAIOT, TaK
KaK OH HarpaB/ieH B 000rPeBaeMyIO CTOPOHY 1 YMEHBIIIAET SKCIEHTPUCHTET MIPUIOXKEHUA TIPOSOIbHON
CXUMAIOILIEH CHIIBL.

8.20 ITpn 0MHOCTOPOHHEM OTHEBOM BO3AEHCTBUM U C XXECTKUM OMUPAHUEM CTEHBI IIPOYHOCTh
BHELIEHTPEHHO CXATHIX [VIOCKUX SJIEMEHTOB IPH MPYIIOXEHUM IIPOXOJIBHOM CHITBI C OONBIUUM 3KCLIEH-

TpucuteToM (puc. 8.6), korna § = x / Ay, < &, onpenensior no gopmynam (8.24)—(8.26).

a) 6) N
t, °C
= 1 1
b =10 (TI\/:M m
t, °C
S
¥ = b!= ILOO LIM L, 1

< P A
NQI:E = -fsjéAjl Sle | elhoe o
& =

7
A S
a — pacyeTHLIC pasMEpBl CTEHBI,; 6 — cxeMa Pa3pyLICHN CTCHEI IIPH OOJHOCTOPOHHEM OTHEBOM BO3JIEHCTBUM; 8 — CXeMa

CeYEHUS CTEHBI IPH pacyeTe OTHECTONKOCTH
Pucynox 8.6 — FKenezoGeroHRas cTeHa ¢ OTPAHMICHHBIM OBOPOTOM ONOPHBIX Cedenmil

8.21 PacueTHBIit IIpeaes OrHECTOMKOCTH KeNe300€TOHHBIX CTEH IIPY KOHTAKTHOM ONUpPaHUY Ha
YIIPYTOIIOAATIINBOE OCHOBaHME, IIPY PACTBOPHBIX IUBAX TOMLUUHOM 20 MM, YMHOXaeTcst Ha Koahdurm-
eHT yrpyroi#t moxaramsocty 0,75; MIpH ILIBaX TOMUIMHON 5 MM, 3aII0IHEHHEIX LEMEHTHO-IIECYAHOM
mactoit, — Ha Kosddunuenr 0,85.
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8.22 B ycnoBusix Imoxapa JBYyXCTOPOHHUI 060rpes Xe1e300eTOHHOM CTEeHbI He BCErla BO3MOXEH.
OnHaKo IpX ONHOBPEMEHHOM HAIPEBAaHKUMU C IBYX CTOPOH B XENe300€TOHHOM CTEHE MPAaKTUYECKH HE
BO3HMKAET TEMIIEPATYPHOTO IIPOrnda, U CTeHA [TPONOJKaeT paboTats Ha cxatue. IIpenen orHecTonKoc-
TH R TaKoit cTeHsI BO3MOXHO GYIeT BhILE, YEM MPY OTHOCTOPOHHEM Harpese.

PacTanyTsie 31eMeHThI

8.23 B HecymMx KOHCTPYKLMSX (epM M apOK HMEIOTCS XEJIe3066TOHHbIE 3JIEMEHTEI, KOTOPLIE
paboTaloT HA LIEHTpAIbHOE U BHELIEHTPEHHOE pacTsokeHHe. Kak npaBmwio, 3TH 3JIeMEHTH BO BpeMs
noxapa 060rpeBaioTCst CO BCeX CTOPOH.

8.24 TTpoyHOCTb NPAMOYTOJNBHEIX XXe1e3066TOHHbIX JIEMEHTOB IIPX BCECTOPOHHEM OTHEBOM BO3-
IOEHCTBHM CNEAYET BEIYMCIISTS MO CEAYIOWUM hopMyiam:

TPY LEHTPAILHOM PaCTSODKEHUH

N=ZR_A; (8.36)

snt“7s?

TIPH BHENIEHTPEHHOM PACTSDKEHUM U TIPOAOJILHOM CHJIe, MPUIOXEHHOM MeXIy YCUIHSIMU B apMa-
Type Su S’ (cMm. puc. 8.7)

Ne< R, A/(hy— a); (8.37)
Ne’ < R, A(hy — a); (8.38)

TIPH POIOILHOM CIIe, MPWIOXKEHHOM 3a MpeesiaMi PACCTOSHIA MEXTY YCHIMAMH B apMaType
Sns’

Ne < Ry,b,x(hy, — 0,5%) + R, A (h, — ). (8.39)

BrIcoTa CXaTO 30HbI paBHA:

x=(R,A,— R A, — N/ R,p,. (8.40)

Ecnmu x > &phy, TO B yenosue (8.39) nmoacTapasor x = §ghy, .

PaccTosiHUE e OT pacTATUBAIOLIEH TPOAOIBHOM CHWIBI O PaBHOACHCTBYIOLUCH YCHIIAIA B apMaType
onpenensior o dopmyne (8.27) 6e3 koadhduuMeHTa 1, TAK KaK HET AOMOJHUTEIHHOTO IIPOIOIBHOTO
u3ruba OT pacTArUBaKOLIEH CUIbL, U Ge3 e, TaK KaK IPU BCECTOPOHHEM OTHEBOM BO3AEHCTBMY HET
IOIIOJTHUTEILHOTO BEITHOA OT HEPAaBHOMEPHOTO HAarpeBa.

a) 6)

A’ a b 1.7/4:'
. 11% R“RA"\IH,J/V/s

EM ‘/( ‘ __‘—_—_—_gj 33: —

R A'.‘

& 7—— -— B o —— -—

. _ ] t\_.. — be —_.__.‘E ‘9—. —

N . IS Rod - - S R R .x:: -

— o W T

R, W N

ITpononbHas cuna IPWIOXKEHa: @ — MeXJy YCUIHAMM B apMaType A, U A, 6 — 3a IpeneNaMu PacCTOSHHA MeXIy YCH-
JIMAMU B apMaType A M A/
Pucynox 8.7 — Cxema yewmii ¥ 31m0pa HANPSIKEHHI B CeYCHAN, HOPMAJLHOM K IPOAOILHOM OCH BHELEHTPERHO
PACTSHYTOTO JKeje300eTOHHOrO 3JeMEHTA, NMPH YeTHIPEXCTOPOHHEM O0OrpeBe BO BpeMs MOXKapa NpH pacyere
OrHECTOHKOCTH
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Pacyer npo4YHOCTH HOPMAJIBHBIX CeYeHuii
Ha ocHoBe 1eOPMANMOHHON MOIETH

8.25 Ipu pacueTe OTHECTOMKOCTY ITO MOTEPE HECYIIEH CITOCOGHOCTU OT OTHEBOI'0 BO3NEHCTBUSA
YCUNUA U JehopMallK B CEUEHMM, HOPMAJIBHOM K TIPONOJIBHOM OCH DIIEMEHTa, ONpeesIaioT Ha OCHOBE
JeopMallOHHON MOZE/IH, UCIIONB3YS YPABHEHHUS PAaBHOBECUA BHELUHHX CHI U BHYTPEHHUX YCUJIHH B
CEYEHUY 3IeMEHTA C YYETOM M3MEHEHUs CBOMCTB GETOHA U apMATYPLI OT BO3IEHCTBUS TeMIIepaTypEl.

8.26 ITpu 3TOM UCHONB3YIOTCA CIEAYIOLIUE TIOMIOKEHUS:

- pacrpeneneHue OTHOCUTENBHBIX JedopMalinil 6eToHA ¥ apMaTyphl [0 BBICOTE CEYEHUS 3TIEMEH-
Ta [IPUHUMAIOT 10 TUHEIHOMY 3aKOHY;

- CBA3b MEXIY OCEBHIMM CXUMAIOLIUMU HAMPOKEHUSMU GETOHA G, U OTHOCUTENILHBIME €r0
necbopMalsIMK €, HOTIyCKAETCA NPUHUMATE B BUIE ABYXJIMHEHHOA ArarpaMMel (puc. 5.2), cornacHo
KOTOPOt HAIIPSLKEHHUS G, ONPEAE/LEOT 1O 1. 5.8;

- COTPOTHBJIEHUE GETOHA PACTSHYTOM 30HbI HE YYUTHIBAETCS;

- CBSA3b MEXIly HalpsDKeHUAMM apMaTyphl G, U OTHOCUTE/IbHBIMY €€ ne(opMallusaMy £ NOTTYCKa-
€TCSI MPUHMMATh B BUNE ABYXIMHEHHON AMArpaMMBl (pKC. 5.3), COrNacHO KOTOPO HAMpKEHUA G
TIPYHUMAIOT 10 1. 5.11,

[lepexon OT 3MMOpE! HANPSDKEHMIA B 6eTOHE K 06001IEHHBIM BHYTPEHHUM YCUIMSIM pEKOMEHIYeT-
Cs1 OCYLIECTBIIATH C TOMOLIBIO MIPOLIEAYPHI YUCICHHOTO HHTETPUPOBAHUS IO HOPMAJIBHOMY CE4EHMIO.
s 3T0ro HOpManpHOe CeYeHUe ITPY BHELIEHTPEHHOM CXaTHU, PaCTSLKEeHUH U M3ru0e B ITIOCKOCTH OCH
CUMMETPUHU YCIIOBHO Pa3felisIioT Ha Majble YYaCcTKU: NMPU OJHOCTOPOHHEM OIHEBOM BO3JNEUCTBHU B
TUIUTaX — TOJIBKO ITO BEICOTE CEYEHUS; IPU TPEXCTOPOHHEM OTHEBOM BO3IECMCTBUY B OaJIKax M pUTeIsiX
— I10 BBLICOTE M IIMPUHE CEUSHHUS, TP YETHIPEXCTOPOHHEM OrHEBOM BO3EHCTBMM B KOJIOHHAX — Ha
ITOTIBIE IPSIMOYTONEHUKY ¢ ONMHAKOBOM TeMIIepaTypoit HarpeBa.

8.27 Pacyer Ha OCHOBE HeJTMHE HHOM TeOpPMaMOHHON MOAENH TPOU3BOASAT C MOMOLIBIO KOMITh-
IOTEPHBIX TIPOTPaMM, KOTOPLIE PEKOMEHIYETCS COCTABAATh HA OCHOBE C/ICAYIOLIETO ATITOPUTMA.

8.27.1 Ans IpUHSATOro IO NPOEKTY TIpeJesia OTHECTOMKOCTH R Xejle3006TOHHOTO 3JIeMeHTa pe-
LIaeTcs TeIUIOTEXHUYECKas! 3a1aya, 110 KOTOPOM OT CTAaHAAPTHOrO MOXapa, IMTETbHOCTbIO, COOTBET-
CTBYIOLLEH TpeByeMOMY IIPEeey OTHECTOMKOCTU R, HAXOAAT TeMIIEPaTypy Harpesa i-ro yyactka 6eToHa
U j-T0 CTEPXXHS apMaTyphl B IIONEPEYHOM CEYCHUM DICMEHTA.

8.27.2 Tlo TeMIepaType KaXIOro yJacTka cXaroit 30HbI 6eToHa 1o Tabju. 5.1 ycraHaBjIUBaIOT
3HayeHUst KOIDPUIUEHTOB ¥, U B,. 3Had K1acc 6€TOHA 110 POYHOCTH Ha cxaTue, o Gopmyre (5.1)
HaXOJIST COMPOTUBIICHUE OETOHA CXKATHIO, a 110 dhopMysie (5.3) — 3HaYeHWsT MOAYJIS YIIPYTOCTH GETOHA.
It MeHee HarpeToro cXXaToro BoJIokHa GetoHa nio TaGi. 5.4 ycTaHaBIMBAIOT 6a30BbIE AePOPMaLIMOH-
HbIE TOYKY JUATPAMMBI COCTOSTHUS OETOHA M CTPOST TUArpaMMy CXAToro GeToHa.

8.27.3 3Has wiacc apMaTyphbl, HAXOMAT COMPOTUBJICHUE apMATYPhl PACTSDKEHHIO MO ¢GopMyIie
(5.8), cxaruto — o popmyne (5.9) u Mmonynb ynpyroct — o dopmyne (5.10). B atux ¢popmynax
3HavYeHMsA KOOPHOUIMEHTOB ¥, ¥ 3, IPUHUMAIOT 1o Tab. 5.5, B 3aBUCUMOCTHU OT TEMIIEPATYPBI PACTAHY-
TOIt 1 CXaToif apMatypsl. IIpenenbHbie 3HaYECHUST OTHOCHTENBHBIX AeopMaLifii apMaTyphl MIPUHUMAIOT
mo . 5.11 ¥ cTPOSAT AMarpaMMbl AeHOPMUPOBAHUS PACTIHYTOM U CXATOI apMaTypEhI.

8.27.4 B obmmieM cityyae 1pu pacyeTe HOPMATHHBIX CEUEHHIT BHELEHTPEHHO CXATBIX U PACTIHYTHIX
XKeIe300ETOHHBIX PIEMEHTOB UCTIONB3YIOT ClIEAYIONIME 3aBUCHMOCTH:

YPaBHEHMSI PABHOBECHSI BHYTPEHHUX M BHEIIHUX YCIMIA:

Mx = ZcbiAbibei + ZGQ‘IA@IZW
i j

(8.41)
My = ZcbiAbiZbyi + ZCSIA-Y]ZS,VJ
i J
N =Y oAy + Y, 044y (8.42)
i J
YPaBHEHMS, OTIPEAC/IAIOLLHE pacrpeeNeHus AeOPMALHI TT0 CEYEHUIO HTEMEHTA:
t 1
€p =€ + ;-be, + ';'Zbyh (8.43)

x y
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1
By = 8 +— Ly +— Z (8.44)
ry r
3aBUCHMOCTH, CBSI3bIBAIOLLNE HANPSDKEHUS M OTHOCHTESIbHBIE JiehOpMalliiy GeTOHA K apMaTyphl:
S = By Vi i (3.45)
o, =Eyv e (8.46)

rie B ypaBHeHusX (8.41)—(8.46):
M,, M, — wsrubamiyue MOMEHT! OT BHEIIHHX BO3EICTBHI! OTHOCHTE/IBHO BEIGPaHHbBIX
OCeil X U y B IpejeNiax IONEePEYHOTO CeYeHHs NeMEeHTa, OonpeaeseMbie Mo
(opmynam

M, =M, + Ne (8.47)

M,=M,; + Ne, }
M., , M, — usruaromue MOMEHTE B COOTBETCTBYIOLIMX IUIOCKOCTSX OT BHELIHUX YCHITHHA,
onpejiesisieMble B3 CTATWYECKOrO pacyeTa;
N — nponosnbHasg CHIa OT BHEILHUX YCUITHIL;
€, €, — PACCTOSHAS OT TOYKH NPWIOKEHNS CUIbI N 10 COOTBETCTBYIOLUKX OCE;
Ap Zyi Z,, o cb, — IUTOLAOh, KOOPIWHATEHI LIEHTPA TSOKECTH i-T0 YYAcTKa 6eTOHA M HaNpsDKEHHE Ha
YPOBHE €r0 LIEHTPA TSLKECTH;

As,, stj, Z,y,, G,; — IUIOILA/b, KOODAMHATHI EHTPA TAKECTH j-TO CTEPXKHS apMaTyphbl M HaIlpsOKe-
HUS B HEM
€y — OTHOCHTe/bHAA NehOPMALMSA BONIOKHA, PACHIONOKEHHOTO HA EPECEYEHUH BhIO-
PaHHBIX OCEH;

5 — KpPHBHU3HA ﬂpOZ[OJIbHOﬁ OCH B pacCMaTpUBacMOM IONCPEYHOM CEHECHNH IJICMEH-

TA B JUTOCKOCTSIX JEHCTBYSA U3rubaomx MOMEHTOB M, 1 M
E,; , E,; — MORyJHM YIIPYTOCTH GETOHA i-TO Y4acTKa U apMaTyphl ]-I‘O CTep)KH}I
Vpip Vg — KOIQQUIMEHTHI YIPYTOCTH GETOHA i-TO Y4aCTKA U aPMATYPbI j-T0 CTEPXHSL.

KoadbduuenTs! v,, ¥ v IPUHYMAIOT [0 COOTBETCTBYIOLIUM MarpaMMaM COCTOSTHUS GeTOHa U
apMartyphbl, yKa3aHHBIM B III1. 5’ 8u5.11.

8.27.5 3nayeHust KODHULMEHTOB V,, U V; OUPEJEIISIOT KaK COOTHOILICHME 3HAYCHMIA HAPSDKEHWI 1
JedopMariuii /I pacCMaTPUBAEMbIX TOYEK COOTBETCTBYIOIINX JHATPAMM COCTOSTHUS O€TOHA M apMaTyphI,
IeNECHHOE Ha IPVBEICHHBIA MOJLYIb YIIPYrocTH GeroHa Ey |, ¥ Ha MOJIyItb iepopMayi apMarypst Exa.

Vi =t —; (8.48)
b,red t,i € bi
vy =i, (8.49)
sy
e E, ., — TPUBEJEHHBIA MOIYIIb Aedopmaliii GeToHa, onpeaenseMsli o gopmyre (5.7), B KO-

TOPO# 3, MPMHUMAIOT 1O Tab1. 5.1 B 3aBUCUMOCTH OT TEMIIEPATYPHI B IIEHTPE TSOKECTH
i-ro yyacTka 6eToHaA.

8.27.6 Pacyer HOpMaNBLHBIX CEYESHUI XKeNe300ETOHHBIX 3JIEMEHTOB 110 TIPOYHOCTH MPOU3BOJIST U3
YCIIOBUA;

OTHOcuTeNnbHas Aedopmariusi Haubosee CXaToro BOJIOKHA 6ETOHA B HODMAJIBHOM CEYSHHH OT
ZeCTBUS BHEIUHUX YCWIMH €, . <€, - [IDEE/IbHOE 3HAYEHHE OTHOCUTENBHOM fehopmauiy GeToHa
TPU CKATHH €, ,, IPUHAMAIOT 1P JBYX3HAYHOM 3Mmiope e opmaLmit GeTOHa, paBHOH &, (Tab1. 5.4);
npu JeoOpMAaIIU OHOTO 3HAKA, B 3aBMCHMOCTH OT OTHOILEHH!IT TehopMalIfii 6eTOHa Ha IPOTUBOIIO-
JIOXHBIX TPAHSAX CEYEHUS 3IEMEHTA € U €,

&
Epult = Epy — (Ep — ebo)zl- (8.50)
2
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oTHOcuTeJIbHas Jedopmarus 1-1a146onee PACTAHYTOTO CTEPXKHS apMaTyphi B HOPMATBHOM CeUEeHUU
/EMEHTA OT BHELIHUX YCWIMH € e <&, ;- TlpenenpHOe 3HaYeHue OTHOCUTENbHOMN AehopMaLtyl yUH-
HEHUSA IPMHUMAIOT PaBHOM €, (.5

8.27.7 B xene300eTOHHOM 3JIeMEHTE IPU ACHCTBUY MOMEHTA U IIPOXOIBHOM CHIIB! B rmocxocm
CHMMETPHH ITOIIEPEYHOTO CeYeHHS M PAaCIIONIOXEHUsI OCH B 3Toif riockocte M,=0, D,,= D22 D,,=0,
nedopmaLiiy GETOHA €, . Y PMATYPbI €; gy OTIPEACIIAIOT U3 PELICHNUS CHCTCMBI ypaBHeHui (8.51) u
(8.52) ¢ ucronb3oBanueM ypaBHeHuil (8.43) u (8.44)

M, =Dy % + Dyse; ®.51)

1
N = D13 ';: + D3350. (8.52)

B ypaBHenusx (8.51) 1 (8.52) XeCTKOCTHBIE XapaKTEPUCTUKU (MATPHUILBI )KECTKOCTU) OIIpEIeNsi-
10T IT0 hopMyIaM:
U3TUOHAsT KECTKOCTD

Dy = EAbisziEb,red,t,ivbi + EA Zg g EsiVgs (8.53)
i

HM3IMOHO-0CEBas KECTKOCTD

D13 = ZAbiZblEb,red,I,lvbi + ZA Z ES![VS]5 (8.54)
i

OoceBasg XeCTKOCTh

Dyy = AyiBy s i Vii + 2 AGEgiv . (8.55)
i

Jinst usrubaeMbIX SJIEMEHTOB B ypaBHeHusax (8.42), (8.47), (8.52) N=0.

8.27.8 Ecnu BHYTpEHHUE YCUJIMS B X€JI€3006TOHHOM 3JIeMEHTE OKa3blBAaIOTCHA PAaBHBIMU WJIM
HECKOJIEKO GOJblile BHELIHMX YCUIHM OT HOPMaTUBHOM HArpy3Ku IO IToXapa, T0 TpeOyeMEblil rpeaen
OTHECTOMKOCTH IT0 TIOTepe HECYIIEH ClIOCOOHOCTH R IS 3TOTO S1eMeHTa 00eCTIeueH.

XKenezoGeTonnnie 51eMEHTHI
TIpY JISACTBUM HONEPEYHBIX CHL

8.28 PacueT OrHeCTOMKOCTH I10 IOTepe MPOYHOCTH XeNe306e TOHHEIX JIEMEHTOB IIPK AEHCTBUU
MOIIEPEYHBIX CIJI B YCJIOBYSIX OTHEBOIO BO3IEVCTBUS MPOBOASAT HAa OCHOBE MOJE/IN HAKJIOHHBIX CeUSHUIA
cormacHo CHuIT 52-01 u CIT 52-101.

[Tpu pacyere 110 Moneny HaKJIOHHEIE CEUEHMSI AODKHEI OBITH 00€CTIeUeHB] IPOYHOCTHIO BIEMEHTA
IO TI0JIOCE MEXIY HAKIOHHBIMU CEYECHUSMU U 110 HAKJIOHHOMY CEYEHUIO Ha JeHCTBHE MMONepeyHbIX
CWJI, a TalkoKe [TPOYHOCTEIO IT0 HAKIIOHHOMY CEYEeHMIO Ha IeiicTBIe MOMEHTa.

8.29 Pacuer XeNne3006TOHHbIX SISMEHTOB 10 NIOJIOCE MEXAY HAKIOHHBIMU CEUSHUSAMMU IPOM3BO-
IAT U3 YCIOBUSL:

Q, < 0y Ry, b, by, (8.56)

rae §, — TNONepeyYHas CUa B HOPMaJIbHOM CEYEHUM 3IEMEHTa OT HOPMATMBHOM HArpysku; koahdu-
uueHt @, = 0,3; b, onpenensiiot 1o Gopmyne (8.1).
8.30 Pacyer u3ru6aeMpbIX 3JIEMEHTOB 110 IPOYHOCTH GETOHA B HEHAKJIOHHOM CEYeHUU MTPOU3BO~
IAT U3 YCIIOBUS:

0,<0,+ 0, (8.57)
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roe Qn — II0I€peYHadA CuJia B HaKJIOHHOM CEYCHUU OT HOpMaTPIBHOﬁ Harpysku C JUIMHOM MPOEKIIVHU ¢

Ha TIPONOJNBHYIO OCh 3JIEMEHTA, PACTIONIOXKEHHYIO 110 OXHY CTOPOHY OT PacCMaTpUBaeMOro
HaKJIOHHOTIO ceyeHus (puc. 8.8);

0, — molepeyHas CIwIa, BOCIPHHUMAeMasi GETOHOM B HAKJIOHHOM CEYCHUM, OIPENENIIeTcs 110
hopmyne:

0y = 04 Ry b 1? / ¢ (8.58)
HO ee 3HayeHWe MPUHUMAIOT He bonee (2,5R,,, b, k) u ue menee (0,5R,,, b, hy); 04, = 1,5;

b, onpenenaor 1o popmyne (8.1);

8.31 IlonepeyHas cuia, BOCIPUHIMAEMas ITOMEPEYHOM apMaTypOit B HAKITOHHOM CEYeHMH, OIl-
penensieMas o gopmyie

O, = 04,95, C (8.59)
rae @, = 0,75;
g,, — YCHUIIME B IONEPEYHOI apMaType Ha eAUHUIY JIUHEL 37ICMEHTa!
ow = Roy¥a sy / 5, (8.60)

Y., — HPUHUMAIOT 10 HauGobIIIeH TeMIIepaType IoepeyHoit apMaTypsl o Tab. 5.5.
Pacyet npoussonsr Ana Haubosee ONACHOM IMHBI MPOSKLIUH HAKIIOHHOTO CEYEHUSI ¢, KOTOPYIO
[PMHUMAIOT HE MeHee A, 1 He Gomee 24,

b
e, b, a
— N /
s, s | s, R —
> // < g <
Qb — -

N

0 AN

4

Pucynor 8.8 — Cxema ycuimii npu pacyere Jkene300eTOHHBIX 3JEMEHTOB
N0 HAKJIOHHOMY CEYCHMIO Ha ACHCTBAE MONEePeYHbIX CHI NPH TPEXCTOPOHHEM HarpeBe

8.32 [MormepeyHyto apMaTypy YYATHIBAIOT B pacyeTe, eCliU COOII0NAETCS YCIOBUE:
45,2 0,25R,, b,. (8.61)

8.33 Illar nonepeyHoit apMaTyps! (s,/h,), yYYUTEIBAEMEL B pacyeTe, JO/DKEeH OBITh He Goble
3HAYCHUS:

Sw,max/ hO = Rbtn bt hO/Qn' (8-62)

IIpu oTcyTCTBUM MOMEPEYHOI aPMATYPHI MIM HApYIIEHHUH YKa3aHHBIX BBIILIE TpeGOBaHUI pacyeT
IpOU3BORAT U3 ycinosus (8.57), npuHumas yewms Q,, paBHRIMHU HYJTIO.

8.34 Pacuer xes1e3006TOHHBIX 3JIEMEHTOB 110 HAKJIOHHEIM CEYEHHSIM Ha IeiCTBIe MOMEHTOB (pHC.
8.9) B yC/IOBUSIX OTHEBOTO BO3IEHCTBUS TPOU3BONAT U3 YCIOBUS:

M,<M+M, (8.63)

roe M, — MOMEHT OT HOPMAaTUBHOM HAarpy3Ku B HAKJIOHHOM CeYEHUM C JIMHOM MPOEeKLUH ¢ Ha
NPONOJILHYIO OCh 3/IEMEHTA, OIpeNeIeMblil OT BHELIHMX CIUT, PACTIONOXEHHBIX IO OIHY
CTOPOHY OT PaCCMaTPUBAEMOTO HAKJIOHHOTO CEYEHMUST, OTHOCUTENLHO KOHIIA HAKJIOHHOTO
cedeHUs (Touxa 0), IPOTUBOIIOIOXHOMY KOHLLY, Y KOTOPOTO Pacronaraercs IpoBepseMast
TIIPONOJIEHASA apMATypa, UCTIBITHIBAIOIIAS PACTSOKEHUE OT MOMEHTA B HAKJIOHHOM CEYeHMUH,
TpY 3TOM YYHUTHIBAIOT Hanuboee onacHkle 3arpyKeHIs B IIPeeaX HAKIIOHHOTO CeYeHNs;
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M, — moMeHT, BOCTIpUHMMAEMBIii IPONONLHOM apMaTypoili, MepeceKalollieil HAKIOHHOE CeYeHHE,
OTHOCHUTENIBHO TPOTHBOIIOJIOXHOTO KOHIIA HAKJIOHHOTO ceueHus (Touxa 0)
M = 0,9Nh,, (8.64)

N, — ycunue B IponoNbHOM PAaCTAHYTOM apMaType, MPUHUMAIOT PABHEIM R, A, a B 30He anKe-
poBKM — 110 hopmyie (8.14);
M, — moMmeHT M1 OMEPEYHOM apMaTyphbl, HOPMANBHOI K MPOXOJLHON OCH 3NE€MEHTA, OIpeae-
JISTIOT 110 opmyIe:

M, =050, (8.65)

Q,, — ycuus B [IOTIEPEYHON apMaType, ONPENeSIOT o hopMyie:

0,, = 4,5 (8.66)

rne g, — ompenemsior o popmyne (8.60);
¢ — MPUHUMAIOT B ITpeeNax ot kg, 1o 2h,.
Hormyckaercst NpON3BOAMTE pacyeT HAaKIOHHBIX CeYeHMI, IpUHUMA B ycrosuy (8.65) MoMeHT

M B HaKJIOHHOM CeYECHMU TPH UIMHE TPOEKLMH ¢ Ha MPOJOJNBHYIO OCh S/IEMEHTa, PaBHOM 2k, a
MOMEHT

M, =0,5g,, hg. 8.67)

a) b
N

[ [ — 1 _»f///'_
E ¢ j < 7 .
o —~\ -
> N < —_— —
, _
¢ 4 N B B N
6) b
A b, a
l N
g ZllEi = =
> < Q__’ Auzl//‘j
v
> 0‘/_— w < ___,; ’/___;‘
= .
c AR AN

a — B TIPOJIeTe; 6 —— OKOJIO OITOpHI

Pucynox 8.9 — Cxema ycumii npu pacdere xKeje300€TOHHbIX 3/1€MEHTOB N0 HAKIOHHOMY CEYeHHIO [IPA BO3AeH-
CTBHH MOMEHTOB M Harpesa
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8.35 Ilpu OTCYTCTBUM [TOIIEPEYHOI apMaTyphbl PACYET HAKJIOHHBIX CEYEHM I POU3BOIAT U3 YCIIO-
BuA (8.63), npuHEMMas MOMEHT M B HAKITOHHOM CEYEHUHM NPH IMHE IPOCKIMK ¢ HA TPOAOIBHYIO OCh
3IEMEHTa, paBHOM 2k, a MOMEHT M, = 0.

Ecnu ycrnosus (8.56, 8.57 1 8.63) BHIIOMHSAIOTCS, TO IIPENE OTHECTORKOCTH 00CCIICUCH.

CraTHdecKu Heonpee/MMbIe KOHCTPYKIIHH

8.36 B craTiyecKu HEONpeAeNMMbIX KOHCTPYKLIUSIX, BEINIONHEHHBIX U3 MOHOJIMTHOTO Xene306e-
TOHa (TUIMTaxX, 6aJiKax, pUresx U KOJOHHAX), OTHECTOUKOCTD 60JIbIIE, YeM B COOPHOM Xene300eToHe.
OnHako B MHOTOIIPOJIETHEIX MHOTOSTAXHBIX 3IAHUAX U COOPYKEHUSIX MPH JIOKATLHOM I0XAape B OHOM
[pOJIETe UK HA ORHOM 9TaXe B3aUMOIEHUCTBUE OTACNBbHBIX MOHOMUTHO COMPSDKEHHBIX 3JIEMEHTOB ITPH-
BOIMT K BOBHUKHOBEHHIO JOMOJIHATENIbHEIX YCUIIUI B APYTHX XIPOJIETAX, TIE HET ITOXapa.

8.37 Ycwnuia B cTaTMYECKM HEONPeIeIMMOI KOHCTPYKIIMU CHavalla Onpeaensior no hopmynam
CTPOMTE/IBHOM MEXaHUKHU KaK B YIIPYToii cucTeMe. EAMHUYHBIC U IPY30BbIE ITEpeMEIICHUS ONPEIEISIIOT
¢ IOMOLIBI0 opMyibl Mopa, B KOTOPOii caBUToBbie NedopManyu, KaK IIpaBuio, OTOPachIBaIOT.

IlepeMelieHus B OCHOBHO# CHCTeMe, BhI3BaHHBIE BO3NEHCTBUEM TEMIIEPATYPHI B i-M HAaNpapJie-
HUU, PABHBL

Ap = Do M1/ r)pdx+ Y, [ 'Nigydx, (8.68)

tie M, u N; — usruGaronmmii MOMEHT U [IPOJO/IbHAs CIJIA B CEYSHUH X-3IEMEHTa OCHOBHOM CHCTEMBI
OT JIeHCTBYS B i-M HaIPaBJICHUH COOTBETCTBYIOIEH €AMHUYHOM CHILI;
(1/7),, €, — TeMmIlepaTypHble KPUBU3HA U Ae(OpMalst X-3JIEMEHTA, BbI3BAHHEIE OTHEBEIM BO3AEH-
CTBUEM.
H3rubaromuit MOMEHT OT HEPaBHOMEPHOTIO HarpeBsa I10 BLICOTE CEYEHUS IEMEHTA, 3aJeJJaHHOTO
Ha OIIopax, a TAKXEe B 3aMKHYTHIX paMaX KOJIBLIEBOTO, KBAIPaTHOTO M IPSIMOYTOJIBHOTO OYEePTaHUA,
MUMEIOILUX ONMHAKOBOE CeYeHNe, ONIPEALIIAIOT 110 hopMye:

M, = (1/p,D, (8.69)

rae (1/r), — TemmepaTypHas KDMBHU3HA,
D — XeCTKOCTb CEUYEHUS B [IPEIENBHOM 110 IIPOYHOCTY CTAAUM.

ITpononbsHbIe TeMITepaTypHble JeopMaLivy B XeIe3006TOHHOM 3JIEMEHTE MOTYT BBI3BAaTh HAMpSI-
KEHUSA CKATUA [TPY HECMELIIAEMBIX OITIOPaX U YBEJIMYESHUE SKCLIEHTPHCUTETA CKUMAIOLIEN CUIBI B KO-
JIOHHAX OT TEMIIEPATYPHOI'O YIJIWHEHUS PUTEIs.

8.38 B saneMeHTax CTaTHYECKU HEOIPEACTUMBIX XKe1e3006 TOHHBIX KOHCTPYKLIMIA OT CUJIOBBIX M
OTHEBBIX BO3NEMCTBUI IIPOUCXOIUT IepepacipenesieHre yCuIui, Pacuer B ynpyroii cucteMe siBiisieTcst
OPHEHTHPOM [UISl yYeTa lepepacrpeneIeHust YCHWINH METOIOM IIPEETbHOIO PABHOBECHSI.

[Mepepacopeneserne YCHIiA IPOUCXOMUT OT PA3BUTKS IUIaCTHYECKUX AedhopManuit apMaTypsl B
GeToHe U 00pa30BaHusT ¥ PACKPBITIS TPELIMH B MOMEHT MCYEPIIaHUA HECYLUEH CTIOCOOHOCTH JIEMEHTa
CUCTEMBI. YCHIMS B KAXJIOM 3JIEMEHTE KOHCTPYKIUM OTPaHUYEHEI MPEAETBHBIMU YCIOBUSMHU, C JOCTH-
XEeHMeM KOTOPBIX Je(pOpMAaii STUX BJIEMEHTOB MOIYT JOCTaTOYHO CHJIBHO BO3PacTaTh, 00pa3oBbIBast
IUTaCTHYECKUE LapHUphl. [InacTuyecKye MapHUPEI MPeBPAILIAIOT CTATHYECKH HEOTIPEASTMMYIO KOHCT-
PYKIIMIO B M3MEHSIEMYIO, B KOTOpOUt poct Jedopmaunii mpoucxonuT 6e3 BozpactaHus ycwiuit. Cratu-
YeCKU HEOIPeJeIUMYI0 KOHCTPYKIIVIO B COCTOSIHUM TPeNle/IbHOTO PABHOBECHS CIeAyeT MPEACTABISTh
Kax pasjieJIeHHYIO Ha YaCTH IUIACTHYECKUMM LIaPHUpPaMU.

8.39 ComiacHO MOJOXEHUSIM METO/Ia IIPEACIEHOrO paBHOBECHSI B OMHOIPOJNIETHOM OalKe, 3a1e-
JIAHHOM HA OIOpax, IIPH YBEIMYEHUY PABHOMEPHO paclpeliefieHHOM Harpy3ky cHayasia obpa3sylorcs
[UIaCTMYECKKeE LIAPHUPEI Ha OITopax, a 3aTeM — B mposete (puc. 8.10).

8.40 B cTaTHYeCKU HEONPEACAUMOM XeJe3006TOHHOM 3JIEMEHTe, 3alie/lIaHHOM Ha Oropax, oT
OIHOCTOPOHHETO OTHEBOI'O BO3MECHCTBUS BO3HUKAET TEMIIEPATYPHBI MOMEHT, KOTOPbI MPUBOAMT K
06pa30BaHMIO IUIACTUYECKUX HIAPHUPOB Ha OTMOpax, rie MOMEHTHI OT Harpy3KH U TeMIIepaTypHOro
Tfieperiazia o BICOTE CEUEHUS cyMMuUpyloTcst (cM. puc. 8.10).

TeMmnepaTypHBble YCMMS BIUAIOT Ha 00Pa30BaHUE MUIACTHYECKUX IIAPHUPOB, HO 3HAYEHUE UX
cHuxaercd Ha 50 % u3-3a pasBUTHS TUTaCTHYECKUX Aeopmanuii GeToHa ¥ apMaTyphl, HarpeThIX A0
BBICOKMX TEMIIEPATYD. YCIWIMS PN 00pa30BaHAM IUTACTHYECKUX LLIAPHUPOB OYAYT PaBHBI:

M, =M,+0,5M, (8.70)
e M

e My 1 M, — MOMEHTHI IIpY 00pa30BaHUY TUIACTUYECKHMX LIAPHUPOB HA OMOpPaxX OT HAarpy3KM
1 OTHEBOTO BO3INEHCTBHS.
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B mposnieTe MOMEHT OT Harpy3Ky CHIDKAETCS 13-32 0Gpa30BaHUd TEMIIEpaTypHOIro MOMEHTA IPYroro
3Haka. [Tocne 06pasoBaHus OIIOPHBIX IUTACTUYECKHUX IIAPHUPOB Xe/Ie306eTOHHEIA 3/IeMEHT MIpeBpaLiaeTcs
B CTAaTHYECKH OIPEAETUMYIO KOHCTPYKUHIO. TeMitepaTypHBIA MOMEHT B IIPOJIeTe YMEHBIIAETCA H OCTaeTCs
TOJIBKO MOMEHT OT Harpysku. [1oj1HOe pa3pylueHue 2JIeMeHTa IIPOUCXOIHUT IpK 06pa30BaHMM ILTacTUYeC-
KOro LIapHKpa B cepeiiHe MPOJieTa, KOIa Pe3Ko YBEIMYUBAIOTCS [UIAacTHYecKue aeopMaLuy apMaTypel
nipu GoJiee BBICOKHMX BETMYMHAX HaIPY3KY U TEMITEpaTyphl Harpesa, YeM B IPOCTOi Gasike.

M, | J-Mt

-Ma-M, {\ /"MOZ'Ml

\_—/
M.-M, @

-M,, -0,5M, [\ A -Mg-0,5M,

M,

1 — MOMEHT OT paBHOMEPHO PACTIpPeeNeHHON Harpy3ku; 2 — TeMIepaTypHbIi MOMEHT OT OTHEBOTO BO3nekctBus; 3 —
CYMMapHBIi MOMEHT IO 06pa30BaHM$ IUIaCTHYECKUX HIAPHUPOB Ha OIopax; 4 — CyMMapHbIH MOMEHT IpH 00pa3oBaHuK
TUIACTHYECKOTO INAPHIPA B ITpoyeTe

Pucynox 8.10 — MomeHTH B CTATHIECKH HEONpEAC MOl KOHCTPYKIHA

8.41 CHiDKeHHE TIPOMHOCTH CeYeHMUIA Ha Omopax MPOUCXOJUT U3-3a MPOrpeBa CRATOro 6eToHa U
apMaTyphl IO BHICOKMX TEMIIEPATYDP.

TIpu TpexcTropoHHEM 06OTpeBe OITOPHOIO CEYSHMSI CTATHYECKH HEONpENeIMMEIX 6aI0K 6eTOH
CXaToii 30HBI HIDKHEN 1 GOKOBHIX IPAHEl CEeYEeHUs, HATPETHIH KO TEMITEPATYPHI BEILIE KPUTUYECKOM,
BBIKIIIOYaeTcst U3 pabothl. [IpOYHOCTD OIOPHBIX CeYeHUIl CHIDKAETCS, B OCHOBHOM, 3a CYET Harpesa
GETOHA CXXATOM 30HBI A0 KPUTUYECKON TeMITEpaTyphl W, BCIEACTBUE 3TOr0, yMeHblleHUs paGoueii
BBICOTHI ceueHmst (puc. 8.11.).

I'ny6una mporpesa 6eToHa 4, 10 KPUTHYECKOH TeMITepaTypHl Y HarpeBaeMBbIX TpaHeil ceyeHms
GasiKi HaXOMUTCH IO puc. 5.1.

8.42 TTpo4HOCTh NPOJIETHBIX CEYEHUIT CHIDKAETCH H3-3a HarpeBa PacTHHYTON apMaTyphl 10 Kpu-
TUYECKOI TeMITepaTyphl.

Paspyruenue ceyeHuit IPOMCXONUT OT CHYDKSHIST HOPMATMBHOTO CONPOTHBIIEHHS HATPETOM apMa-
Typsl 10 paGoyrx HanpspkeHHiA. [IpexXneBpeMEHHOTO pa3pyIleHUst CXATOM 30HBI MPOAETHRIX CeYeHHi 10
Hayana yBeIW4EHHUs IUTacTU4ecKux aethopManuit apMaTyphi He IIPOMCXOAUT, TAK KAK OHA HAXOIUTCA
MO JeHCTBMEM MEHBINUX YCHINH, YeM IO Hayala OTHEBOro Bo3aelicTBust. [IpOYHOCTE IIPONETHBIX
CEYEHNI CTaTHYECKY HEOMNPeAeTUMBIX XKeJe300eTOHHBIX G/I0K IPY TPEXCTOPOHHEM OrHEeBOM BO3MEi -
CTBUH BBIYUCIISIOT 110 hopmyite (8.9).
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Pucynox 8.11 — Cxema ycwmii ¥ 3m0pa HAUPIKEHAH B ONOPHOM CeYeHHH, HOPMAJLHOM K MPOJOJILHOM OCH
H3rHGAEMOI0 CTATHYECKH HEOUPEAeIHMOro XKeie300eTORHOr0 3JIeMEeHTa, DPH TPEXCTOPOHHEM 00orpese CKATOM
30HBI NpH NOXApe U pacyere OrHECTOHKOCTH

8.43 ]y cTaTIdeCcKy HEOTIpeieTMMBIX KOHCTPYKIIMIA Mpee)l OTHECTOMKOCTH paCCYUTBIBAIOT Cle-
JYIOIIMM 00pa3oM.

8.43.1 YcranapimmMBaOT BO3BMOXHOCTb OTHEBOTO BO3EMCTBUS HAa BCE HECYLIIUE JIEMEHTHI CUCTE-
MBI ¥ UX MUHUMAJIbHBIE [Tpeesibl OTHECTOMKOCTH 10 MOTepe HecyLlueil CIIOCOOHOCTHU.

8.43.2 TerutoTeXBMYECKUM PacYeTOM WIH IO MaTepUaiaM NpwioXeHut A u b ot Bo3neicTBUA
CTaHAPTHOI'O TI0Xapa JUINTEIBHOCTRIO, COOTBETCTBYIOIIEH MPHUHATOMY IIPeAey OTHECTOMKOCTH, HAaX0-
JAT TEMITEpaTypEl Harpesa O€TOHA M apMAaTypHl B IIONIEPEYHOM CEYEHUU HECYILIETO 3JIEMEHTa CUCTEMBI.

8.43.3 JIng Kaxxaoro 3JeMeHTa OT HEITPOIOLKUTEILHOTO IeHCTBUS HOPMATHUBHBIX IIOCTOSHHBIX
BpEMEHHBIX JUTUTEIbHBIX HArpy30K HAXOIAT UX HeONarompuaTHOE COYeTaHue.

8.43.4 Tlpu pacyeTe ynpyroi CUCTEMBI CTATUYECKM HEOIIPEAETUMYIO KOHCTPYKUUIO IIyTEM yCTpa-
HEHUS TUIIHKX CBS3ei IPEeBPAIAOT B MI3MEHAEMYIO CHCTEMY.

8.43.5 MeToIoM IIpeNeTbHOI0 paBHOBECKS IS pacyeTa HECYIIei CIIOCOOHOCTY UCTIONB3YIOT Ie-
pepacIpeneneHus YCWINI 1 U3MEHSIOT 3HAYCHYS JIUIITHUX HEU3BECTHBIX, MTOYYEHHBIX U3 pacyeTa 1o
VIIPYTOM CUCTEME.

8.43.6 ITo HalAeHHBIM 3HAYECHUSIM YCHIIMI ONPENENsitoT XXeCTKOCTh ceyeHUs . 2KeCTKOCTb ClieayeT
OIPENENSTh [10 MIPUBEISHHBIM CEYCHUIM C YYETOM HAMWYUS TPELUIUH OT OTHEBOT'O BO3NEHCTBUS ITO BCEU
JUIMHE 3JIEMEHTA K U3MEHEHUT QU3UKO-MEXaHUYEeCKUX CBOMCTB 6eTOHA U apMaTyphl OT Harpea. I1pu
OIpene/ICHUY NIPUBEISHHOTO CEYSHUS CEYSHME pa30UBAIOT HA YYACTKU I10 BHICOTE U 1IUpuHe. beToH 1
apMaTypy KaxIoro yJ9acTka IIpUBOIST K HeHarpeToMy, bosiee poyHoMy 6eToHY. 2KeCTKOCTh 2IeMEHTOB
IO BCE ero JIiHEe MOXET OBITh OIpeaeIeHa METOAOM [TOCIIEA0BATEIbHBIX IPUOIKSHIIA.

8.43.7 TemniepaTypHble ycuwiusa u nehopMaly YYATHIBAIOT OT HEPAaBHOMEPHOIO Harpesa (o
BBICOTE CEUCHUS 3JIEMEHTA K OT TEMIIEPATYPHOTO PACIIMPEHUS 110 IUTMHE SJIeMEHTA.

8.43.8 TpeOGyeMBblii IIPEIeI OTHECTOMKOCTH KaXIOTO JIEMEHTA OymeT 00eCITeYeH, €M YCHITUS OT
HOPMATUBHOM HATPY3KH U TEMITEPATyphl OyIyT GONblIIe WIX PaBHBI YCHIHUSM OT HOPMATHBHOM Harpys-
K4 JIO [ToXapa.

8.44 [Ipu mpoBepKe MPOYHOCTY CEUEHUIt XKeIe300eTOHHEBIX 3JIEMEHTOB B YCIIOBUSX OTHEBOTO
BO3IEICTBUS MOXHO MCIIONIB30BATh METO KOHEYHBIX 3JIEMEHTOB.

Hecymryro criocoGHOCTE BJieMEHTa B HOPMAJIBHOM PAaCY€THOM CEYEHUH OTIPEIEISIIOT CYMMOIA He-
CyLLEe# CrIOCOOHOCTHU OTAENBHBIX KOHEUHBIX SJIEMEHTOB (OETOHHBIX M apMaTypHBIX), HAa KOTOPEIE pa30u-
BaeTcs ceueHre. OLieHKa HeCyllelt criocOGHOCTH KaXIO0ro 3/eMeHTa (06TOHHOTO 1 apMaTypHOTO) OCHO-
BaHa Ha [[PeIBapUTEIbHOM BBIIBACHUY CTENIEHN H3MEHEHUS IPOYHOCTHHIX U 1e()OPMATUBHBIX CBOCTB
6eTOHA M apMaTyphl B CCYCHUM PacCMaTpUBaEMOro 3JIeMEHTA, IIPH 3a0aHHOM JTUTEIbBHOCTU TEMITepa-
TYPHOTO BO3JEHCTBUA B YCJOBYSIX «CTAHAAPTHOrO noxapay. IIpu 3ToM mpoyHocTs 1 1ehOpMaTHBHOCTD
OeTOHA Y apMaTypPhl B KAXAOM KOHEYHOM 3JIEMEHTE YCTaHaBIUBAIOT 10 TEMITEPATYPE B LIEHTPE 3ICMEH-
Ta, KOTOPBII OHOBPEMEHHO SIBJISIETCS Y3/IOM KOOPAMHATHO! CETKU, HAKJIaJbIBaeMOii Ha [TOIepeyHoe
ceyeHHe KOHCTPYKLMK TIPY OMpeeieHUH TeMIlepaTypHoro nos (ir. 6.2).
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B pacuer BKJIIOYAIOT TOJIBKO T€ KOHEYHbIE GETOHHBIE 3I€MEHTHI, KOTOPhLIE PACIIONATAIOTCH B
cxaro 3o0He. KOHeUHbIEe apMaTypHBIe 37IEMEHTE] YYUTHIBAIOTCS [TOJHOCTHIO, HE3aBUCHMO OT Paciioyno-
JKEHUA B CKATOW WIKA PACTSAHYTOR 30HAX CeYeHus.

BrIcOTa CXXaTOM 30HEBI CEYEHUS B NIepBOM NPUOIMIKEHUU 3a1aeTCs BeJIUMYMHOM, paBHOM (0,4—
—0,5)h,, u B nanbHeiIIEM KOPPEKTUPYETCSE HA OCHOBE YAOBJIETBOPEHHS HEOOXOIMMOTO YCIIOBHS MIpe-
JAENBHOTO COCTOSIHUS KOHCTPYKLIMU B paCCMAaTPUBAaEMOM IIPOMEXKYTKE BpEMEHU OTHEBOIO BO3HEMCTBUS.

8.45 B o61eM cnydae pacyeT Npefesia OrHECTOMKOCTH 10 TIOTEpe Hecyluei CIIoCOGHOCTH CTaTUYeC
KU HEOTIPEAETUMON KOHCTPYKIIMK OCYIIECTBIISAETCA METOIOM IIpee/ibHOrO PABHOBECHS B 3aBUCUMOCTIA
OT CX€MBI Pa3pyllIeHUs CUCTEMEI B LIEJIOM, KOrla OHA NpeBpaTUTcs B MexaHu3M. OQHAKO 3a Ipeaen
OTHECTOMKOCTY KOHCTPYKLIMY CIIefyeT IPMHUMAThL MYHUMABHEIN TIPeie)l OMHOr0 HeCYLIEro 3IeMeHTa
cucteMbl. HactyrieHue npenesna OrHecTOMKOCTH OJJHOTO HECYIETO 3JIEMEHTa CUCTEMBI He BCera Ipy-
BOJMT K OOPYIIEHUIO BCeil KOHCTPYKIMU, OXHAKO C IMPAKTUYECKOMN TOYKU 3PEHMUS, TAKOH BYI OTKa3a
HE00XOAMMO YYUTEIBATE.

Pacyer mwinTbl 6e362,104HOrO epeKPLITUS

8.46 T1pu OAHOCTOPOHHEM OTHEBOM BO3IAEMCTBUU CHU3Y IVINTH OTHECTOMKOCTh 6e36aI109HOT0
KeJIe300€TOHHOTO IIEPEKPHITHS, 00pa30BaHHOrO IJIANKOM IUIMTOM, KOTOpAs XECTKO COIPSAraeTCs C
MOAIEPXXUBAIOIIMMY €€ KOJIOHHAMHU, OIIPEeAessIioT METOIOM MPEAeTbHOTO PAaBHOBECHUS TIPH PacyeTe
IIPOYHOCTH IUINTHI HA U3JIOM IIOJIOCHI IUTUTHI BNOJIb WIH TOTIEpeK HOKPEITHS (pUC. 8.12).

Pacyer Ha H3710M OTIENBHOMU TONEPEYHOMN WIH TPOIOIBHOM ITOOCH! IVIMTEHI IIPOU3BOMAT B IIPEJi-
MONIOXEHUH, YTO B PACCMATPUBASMOI [TOJI0CE TIUTEL 06pa3yIoTCs TMHEeHHbIE TUTACTHYECKUE IHAPHUPHI,
napajUIeIbHEIE OCH 9TO OJOCHL: ONUH JIMHEMHBIN ITACTUYECKUI IIAPHHUP B [IPOJIETe C PACKPEITHEM
TPELIMHB CHU3Y IUTUTHI U 110 OOHOMY JIMHEHHOMY TUTACTHYECKOMY LIAPHUPY Y KOJIOHH C PaCKPBITHEM
TPELMH CBEPXY [UIUTHL. B KOHCOMBHOM CBece IUTUTHI, BEICTYIIAIONIEM 33 KPaHUN P KOJIOHH, [IPUHU-
MaeTCs, YTO MUIACTUYECKHH 1UapHUP He 00pasyeTcs, eciiu CBeC KoHcony He npesbiuaer 0,25/,. Ecnu
CBEC KOHCONM O0MBLIE, TO IPOU3BOIAT AONOIHUTENBHEIN pacueT 1o dopmyiie (8.71) Ha M3I0M IUIMTHI
KOHCOJIM Y KOJIOHH ¢ 06pa30BaHUEM JOMIOMHUTENBHOIO IITACTHYECKOTO IIAPHUPA, TIapalIeIbHOro Kpato
TiepeKphiTys. JUia KOHCTPYKLUHA, CHMMETPHYHbIX OTHOCUTEIBHO CEPEANHEB! PacCMAaTPUBAEMOH MTONOCH],
TIPOBEPKY IPOYHOCTU CPEIHMX TaHeNeil BeAYT U3 YCJIOBHA:

ghy(f, = 2c)*

g <0, SRsnAslzI + RsmAslzl +0,5R,, A2t 3.71)

rae q — VHTEHCHUBHOCTb HOPMAaTUBHOH MOCTOSIHHON M BPEMEHHOU JUIMTEbHONU Harpy3ku,
PAaBHOMEPHO PACHIpeNeNeHHOM No ojoce Ha 1 .M, ¢ Ko3dhdunueHTOM neperpysku
Yr = L
l;, |, — paccTosiHUe MeXIy PAIaMU KOJIOHH B ITEPNEHAMKYIISIPHOM HallpaBIe€HUH M BAOJb pac-
cMaTpuBaeMOit ronocsr (puc. 8.12);
¢ — pacCTOsHME OT KPaWHMX IUIACTUYIECKHX LUAPHUPOB A0 ONYDKARIIIMX K HUM PSIOB KOJIOHH;
Ay, A’ — TUIOWA/b BEPXHEH PaCTAHYTON apMaTypsl B IEBOM U IIPABOM OITOPHBIX TLIACTUYECKUX
LIAPHUPAX B MIpeaeaax OQHOI TUINTHI;
Ay — TUIOLWANDb HIDKHEH PaCTSHYTOM apMaTyphl B CPEJHEM IIPOJIETHOM IJIACTIYECKOM LIApHUpE
B IIpefieniax OOHOM IUINTHI;
Zp %, Z'p — TUIEYM BHYTPEHHEH Maphl CUJI B JIEBOM, CPEHEM M [IPABOM IUIACTMYECKUX MIApPHUpPaX
COOTBETCTBEHHO, KOTOPEIE ONpeneioT 110 ¢hopmyie:

;= hy — 0,5x,, (8.72)

L€ BBICOTa CXaToil 30HE! B [IPAaBOM U JIEBOM OIOPHBIX [TACTHYSCKHX LIApDHHUPAX ONPENENISeTCs 10
dopmynam:

gy < Rae o Rufly
Rbntl2 RbnlIZ
B dopmyne (8.73) R, onpenensiror o gopmyne (5.1), NpuHUMAas 3HaY€HUs v,, 0o Tabn. 5.1 B

3aBUCHMOCTH OT CPeiHel TeMIIepaTyphbl 6eToHa CXaToii 30HBL. JIOIMyCKaeTCs: 3HAYEHUE Y, NPUHUMATD
paBHBIM 1 TIpY 3aMeHe /i, Ha hy,, KoTOpoe onpenensior 1o dbopmyse (8.8).

(8.73)
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BricoTa cxaTtoit 30HEI B CpeIHEM MPOJIETHOM IUIACTHYECKOM LIapHHPE paBHa:

= Rt
X =t (8.74)

B ¢opmyne (8.74) R, onpenensior no Gopmyine (5.8), npuHUMAs 3HAYEHHUS Y, IO Ta61. 5.5 B
3aBUCUMOCTH OT TEMIIEpaTyphbl ApMaTypPhl Ha YPOBHE €€ OCH.

Temnepatypy 6eToHa ¥ apMaTyphI OIIPEAENISIIOT TETUTOTEXHMYECKHUM PACIETOM JUIsl TPEGYEMOTo
Ipefesa orgecTodkocTy (mpuwioxeHus A u b). Eci yenosue (8.71) BrImonHsAeTCs1, TO TpeOyeMBIit
pefies1 OTHECTOMKOCTH obecniedeH. CxaTyio apMaTypy B IUIACTHIECKUX IIADHUPAX HE YYUTHIBAIOT.

a) 6)
|II |II'

ROV —

' Ql '
Lra—m ® | @,

1/ ~

1
NN 7 T T T T % AN / : ]\| 27 ™
1

e > x '
SR N |
|

\/\17 —QJ\/\ C
L,

|11 |

a — ¢ 00pazoBAHNEM NaPAIENbHEIX KPalo IITUTH! IIACTHUECKUX HIAPHUPOB; 6 — ¢ 0Gpa30oBaHUEM TiepIeHANKYISPHBIX
Kpalo IJTACTHYECKUX IAPHUPOB; ] —IMHENHBIN ITacTHYeCKUI IapHUpP OKOMIO KOJIOHH ¢ PACKPHLITHEM TPEUHHbI CBEPXY
TUIUTHI; 2 — JIMHEHHBIH IIACTHYECKUH IWaPHUD B CEPEAMHE IPOJIETa C PACKPHITHEM TPELUIMHEL CHU3Y TUIUThI

Pucynok 8.12 — Cxema u3noma naHe/eit B 0e302109H0M HEPEKPHITHA HPH OXHOCTOPOHAEM OrHEBOM BO3JIEHCT-
BUM CHM3Y ILIETBI

Ilpu npuMeHeHUY KBaAPATHERIX HJIH MPAMOYTOABHBIX B IUTAHE KAMMTEIEH ¢ HAKJIOHOM HIDKHEH
YaCcTU KanuTeldd He MeHee yeM Ha 45° pacyeT Ha H3/I0M MaHelIeH MPOU3BOALT IPH PACITOIOXECHIH
OTIOPHBIX MIACTUYECKUX LIAPHUPOB ITO MECTY ITepeioMa ouepTaHusa Kamureieii. IIpu atom B hopmyne
(8.71) snauenue ¢ = [/ 2, rae |, — nnAuHA KamuTenq.

Pacyer maMT 6aJ04YHOrO NEPEKPLITAA

8.47 Tpn ONHOCTOPOHHEM OTHEBOM BO3IEMCTBUM CHU3Y HEPEKPHITHS, OTHECTOMKOCTh ILIHT,
paboTalolLuX B ABYX HAPABIEHMSX ¥ MOHOJIMTHO CBA3aHHEIX ¢ OaKaMU, ONpeleNqioT KHHEMAaTHIeC-
KHM CrIocob60M MeTona MpeaebHOro paBHOBecH. [Ipeanonaraior, YTo IUIMTa pa3iaMbIBAETCA Ha IUIOC-
KM€ 3BEHbS, COeAMHEHHBIE MEXAY COOO0M IO JIMHUAM M3JI0MA IDIACTHIeCKHUMU IapHupaMu (puc. 8.13).
TIpu paBHOMEpPHO pacnipeneleHHOM Harpy3Ke ¥ HEH3MEHHOM IO JUTMHE IIPOJIeTa apMHUPOBAaHUH IIPEAen
OTHECTOMKOCTH IUIUTHI ONPEACIAIOT U3 YPABHEHU:

12 = = = ~ — =
%(312 — 1)< 2M, +2M, + M, + M} + My + My, (8.75)
rne [, u [, — MeHbpLIMii ¥ GOMBIINIA IPOJIETHI IUIUTHI;
q — HOPMATUBHAS ITOCTOSTHHAS JUTMTENIbHAS ¥ BpeMEHHAs1 pABHOMEPHO pacripeleeHHasa Ha-
rpy3ka Ha 1 M2 IUIATHL
MoOMeHTBI B IpoJieTe IUTUTHI ONPEAESISIOT IO CeXyoInuM GopMynam;

M, = AyRonz; M, = AyRn2,. (8.76)
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MOMEHTHI Ha OITOpax IUTHTHI ONPEAESIIOTCS IO GOPMYIIaM:

roe Ay

habk

sI

sl

AII

S,

’
AII

S

s 4

p Z'p 2 Z/[p

M; = AgRoyzps My = Ay Ry

M = AgRoy2p; My = A5y Ry ziy, (8.77)
IUIONIAAb CEYEHHS CTEPXKHEN, EPECEKAIOIIUX MPOJIETHBIE TUTACTUYECKUE LIAPHUPBI
¥ TIAPAUIETIBHBIX KOPOTKOM CTOPOHE TIUTHL,

TO Xe€, JJisI CTEPXKHE, MapaUIeIbHBIX JJIMHHON CTOPOHE IUIUTEL;

IUIOLIA/b CEYEHUs] PACTAHYTOM apMaTyphl, PacTioNoXEeHHOI BIOJIb TIpoJieTa [y, B
ceuennu 1-1;

IIOLIANb CEYCHUST PAaCTAHYTO! apMaTyphl, paciioNIOXEHHOMU BIOJb MpoJieTa /), B
ceyenuu I'—T';

IUTOLIANh CeYEHMS PaCTAHYTON apMaTyphl, PacrioIOXeHHOM BIONb NponeTa /), B
ceuenru 11—11;

IUIOLUANb CeYeHHsI PaCTAHYTO! apMaTyphbl, PacTioNioXXeHHOMN BIOJIb rponeTa /, B
ceveruu II'—II;

IUIEYM BHYTPEHHEH Napbl CUJ B IPOJIETHBIX TUIACTMYECKHX HIAPHUPAX, BHIMKUCIIS~
totcst o Gopmyne (8.72), B KOTOpo# x; onpenensioT 1o dopmyne (8.74), a npu
BEIYMCIIEHUH X, B (opMmyne (8.74) 3nHayeHHe A 3aMEHSIOT Ha A,, 2 BMECTO
3HAYEHMA [, TOACTABNAIOT /.

TUIEYM BHYTPEHHEH! Naphl CUN B ONOPHBIX IUIACTUYECKUX IIAPHUPAX, BHIYUCIAIOT
o dopmyie (8.72), B KOTOpO# x; U x’, onpesensioT mo ¢opmyne (8.73). Ipu
BBIYUCIEHUH X U x B hopmyne (8.73) 3HaueHue A ;1 A’ 3aMEHSAIOT COOTBET-
CTBEHHO Ha A ;; u A’ ;;, a BMECTO 3HAYEHUA [, IONCTABISIOT /;.

~—]

T TN

a — cXeMa U10Ma TUIMTHI; § — HanpaB/leHs! AeCTBUS NpeNesibHEIX MOMEHTOB; /—4 — HOMepa 3BeHbeB; I/, 2° — wmap-

HUPbI COOTBETCTBEHHO NPOJIETHBIE ¥ ONOPHBIE
Pucynox 8.13 — K pacyery mwiuThi, 3amieMICHHOH 10 KOMTYPY

ITpu onpeneneHun 3Ha4eHU A U A, CTEPXHU, OTOTHYTHIE MK OGOPBAHHBIE 10 MIEPECEYEHUS C
IIPOJICTHBIMY LIApHUPAMU, He YYUTHBAIOT (pUc. 8.14), a 060pBaHHEIE WIH OTOTHYTbIE TOJBKO Y OMHOM
W3 OTIOpP U ITepeceKaloliUe MPOAETHHIC APHYPE OMHUM U3 KOHIIOB, BBOJST B pacyeT ¢ ITOJJOBUHHOMI

TUIOLLAAbIO.
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1 — nunuusa oOpbiBa WM OTTMOA CTepXHeit; 2 — He yIAThIBAEMble B pabOTe CTEPXKHHU
Pucynox 8.14 — K onpenenenuio A; u A, ANS WIATHI, 32MEMICHHOH 0O KOHTYPY

Ecnu apMarypy o6peiBaloT (OTTH6a10T) Ha pacCTOSHMU @, OT JUIMHHOM ¥ a, OT KOPOTKOIi CTO-
POH, TO HEOOGXOIUMO TOIOIHUTENBHO BEHITOJHUTE [POBEPKY MO HECYIEH CITOCOOHOCTH IUTMTHI IIPH
U3JIOME ITO CXeMe, IIOKA3aHHOM Ha puc. 8.15. DTy mpoBEepPKY NPOU3BOASLT U3 YCIOBUL:

2A=11+A_l, + M; +2A=12+JI7IH+A_I;I

4
g(hly - hay + 301‘12) < o %

(8.78)

nAazg; My = R4z, Ay, A, — IUIOIALH JOXOIAIIEH 10 OITOP YaCTH PACTHYTOMH

apMaTyphl, MapauieJIbHON COOTBETCTBEHHO KOPOTKOM U JUIMHHOM CTOPOHAM IUIMTHL.
Ecnu ycnosue (8.75) wnu (8.78) coGmronaercs, TO TpeOyeMblii Ipenes OTHECTONKOCTH IUTUTHI
00eCITeyueH.

e Azl, =R

sn

‘-‘F
LS
% %
[Ny
S
—_
l?

Pucynok 8.15 — Bo3MoxHaa cxema H3NOMa IUIMTHI IPH OOPbIBE HJIM OTrHOE apMaTYphi

Pacuer Xene300eTOHHBIX IUINT HA NPOAABIMBAHHE

8.48 Ipu OJHOCTOPOHHEM OTHEBOM BO3ICHCTBHH CHH3Y IUIUTHI pacyeT HA MPOJABIMBAHUE XKeJle-
300€TOHHBIX TUTUT MPOM3BOIST MPY IEHCTBUM HAa HUX MECTHBIX, HOPMAJbHO K IUIOCKOCTH TUIMTHI,
KOHLIEHTPHPOBAHHO [IPIIOXEHHBIX COCPEAOTOYECHHOM CUITBI M H3ribaloiero MoMeHTa. ITpu mpoeepke
MIPOYHOCTH IUTMTHI Ha MTPOAAB/IMBAHIE B YCJIOBHSX OAHOCTOPOHHETO OrHEBOTO BO3AEHCTBUS CHU3Y [UIH-
TBI PaCCMATPHBAIOT PaCYETHOE MOMEPEYHOE CEUEHHE, PACIONOKEHHOE BOKPYT 30HbI Mepelauy eI
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Ha IUIUTY Ha pacctosanuu 0,5/, HOPMATBHO K €€ MPONOJIbHOM OCH, IT0 MOBEPXHOCTH KOTOPOTO JIeH -
CTBYIOT KacaTelibHbIE YCHIMS OT COCPSAOTOYEHHOM CHITBI M U3rUOAIOIIEro MOMEHTA.

JAeiicTByIoIUKe KacaTeNbHble YCWIHMS NODKHBI GhITh BOCIIPMHSATH OETOHOM C HOPMATUBHBIM CO-
TPOTHBIIEHMEM GeTOHA PacTsIKeHMIO Ry, .1 PACTIONOXEHHOM 110 06e CTOPOHEL OT PACYETHOTO MONEPEY -
HOTO CeYeHHs Ha paccTosHuu 0,54 TIONEPEYHOM! apMaTypoit C CONIPOTUBIIEHMEM PaCTsikeHuIo R ,. Yyer
BJIMSTHYST BRICOKOTEMIIEPATYPHOTO BO3MECTBIA Ha GETOH IIPOoM3BOIAT o dopmyie (5.2). Haxonar
3HadyeHus R,, . IDUHMMAs CpelHee 3HaYeHUe KOQUIMEHTa ¥,

Hnst onpesieneHus CpefiHero 3HaYeHUA KO3 PULIMEHTa ¥, CEYEHHE TUTUTBI I10 BLICOTE Pa3OUBAIOT
HE MEHee YeM Ha S yacteir. [t Kaxaoi yacTu cedeHUs HaXOAAT CPEIHIO TEMIIEpaTypy €€ Harpesa u
10 He# (1o 1. 5.2) onpenensoT 3HaueHue KoahdULMeHTa ¥, 3Hast 3HaYEHUA KOIDOHUIMEHTOB ¥, U151
cpenHeil TeMneparyprl KakIOU YacTh CEYSHMS, UX CYMMUPYIOT, JeJIST Ha KOMMYECTBO YacTeit U 1oJy-
YAOT CPeAHUN KO3DPUIUMENT ¥, YIET BIUAHNS BHICOKOTEMIIEPATYPHOTO BOSACHCTBUSA Ha IIONEPEYHYIO
apmarypy mpoussoaat no dopmyrne (5.9). Haxonar sHavyenue R, mpuHuMast KO3GOULHKEHT ¥, 110 Tabl.
5.5 U1 MaKCHMAaJIPHOM TeMITEPATypPhI IIOIIEPEYHON apMaTyphl.

8.49 Pacyer xene300eTOHHOM TUIMTHI Ha ITPONABIUBaHYE Ge3 MorepeyHoit apMaTyphl Ha AeiicTBre
COCPENOTOYEHHOM CHIIBI IIPOU3BOISAT U3 YCIIOBUSL:

F= Ry, uhq, (8.79)

e F — cocpefoToyeHHas Cuila OT HOPMATUBHOU HArPY3KH [TEPEKPHITUS HA KONOHHY;
U — TEPUMETP KOHTYpPA PaCYETHOTO IMOIIEPEYHOIO CEYEHMUsI, PACITONIOXECHHOTO Ha PAaCCTOSHUU
0,5h, OT rpaHMIIL] IUIOLIANKH OTMPAaHUs COCPENOTOYEHHOM cubl F (puc. 8.1 6).

05M
YN

0,5 he

ts

1 I\T 5 4
L]

Ao

0,5 ho

] — pacueTHOe norepeyHoe ceuenye; 2 — KOHTYP PacyeTHOro NOTepeyHoro

CEYEHHs1; 3 — KOHTYp IUTOLIAAKH NPHIOXEHHs HAaIrpy3Ku; 4 — TeMIlepaTypa

Harpesa 6eTOHa IO BBICOTE TIAUTHY, 5 — CpPemHsis TEMIeparypa Y4acTKa o
BBICOTE [LTUTHI

Pucynox 8.16 — CxeMma i1s pacyera xene300eToHHOMN IIMTHL HA PO~
JaB;mBaHHe Ge3 momepeyHoil ApMATYPHI NPH OJIHOCTOPOHHEM OTHEBOM
BO3JCHCTBHN CHH3Y ILIMTHI
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IMpu npsIMOYTOJIBHOI TDIOLIAKE OMMpPAaHUst rabapuTaMu aX b epuMeTp OfpeIenIercs o QopMyie:
u=2a+b+2hy), (8.80)

rie h, — paboyas BbICOTA IUIMTHI, PaBHAsI cpeiHeapU(pMETITICCKOMY 3HAUYECHHIO PaGOYMX BEICOT U1
TIPONOJIGHOM apMATYphI B HAIPABJASHUU OCEI X U Y.
8.50 Pacuer xene306eTOHHOM IIMTHI Ha MPOaBIUBaHKe O3 MONepeYHOM apMaTyphl Ha Jeii-
CTBUSI COCPEIOTOYEHHOM CHITBI ¥ U3TMOAI0IIEr0 MOMEHTA MPOBO/IST U3 YCAOBHUA:

-l—l- + Wb < Rbtmh()’ (881)
tae M/W, — npunumaercs He Gonee F/4;
W, — MOMEHT CONpPOTHBIICHHSI KOHTYPa PaCyeTHOTO IIONIEPEYHOTO CEYCHNS;
R,,,, — cm.1L 8.48.
IIpy npsAMOYroabHOI IUIONANKE ONMPAHUSI ¥ 3aMKHYTOM KOHTYPE PACYETHOIO HOIEPEYHOro
ceyenust W, onpenensiior no dopmyne:

A =(a+h0)(ﬁ‘;—"°+b+ho} (8.82)

CocpenoToyeHHFI MOMeHT M B ycoBu (8.81) paBeH NMOJIOBUHE COCPENOTOYEHHOTO MOMEHTA OT
BHEUIHEHN Harpy3Ku.

B xene300eTOHHOM KapKace 31aHUs C IUIOCKUMH MEPEKPHITUSIMA MOMEHT OT BHELIHEN HAXPY3KU
paBeH CYMMapHOMY M3THOAIONIEMy MOMEHTY B CEUEHUSIX BEPXHEN U HYXXHEN KOJOHH, IIPUMBIKAIOLIMIX
K [TEPEKPBITHIO B paCCMaTPHBAaeMOM y3Jie, a CHia F HarpaB/ieHa CHU3Y BBEPX.

8.51 Pacuer xene300¢TOHHOM IIMTHI HAa NPOAABJIMBAHHE C IIONIEPEYHOMH apMaTypoii IpY Aei-
CTBUH COCPEIOTOYCHHOM CIIIBI MTPOU3BOIAT U3 YCIIOBHS:

F< Ry, uhy + 0,8, 4, (8.83)

re R, uh, 2 0,8qu;
g,, — YCWIKE B IIONIEpeYHOl apMaType HA €NMHUILY JUIMHBI KOHTYPA PaCYETHOTO MOMEPEYHOTO
CeUeHNs, paBHOE [IPK PABHOMEPHOM PacHpEIE/IEHAH ITOMepeyYHOIt apMaTyphL:

oy = Rovi Ao , (8.84)
SW

rae A, — mrowanb CeYeHuU ONEPEYHOI apMaTypsl C IaroM S,, PaCIIOIOXKCHHas B IPEe/iaX pacCTost-
HuA 0,54, 1o 06¢ CTOPOHBI OT KOHTYPa PacyeTHOrO IOIIEPEYHOTo ceyeHus (CM. puc. 8.17);
S, — LIar [TOMepeYHbIX CTeP>KHEH B HalIPaBIeHUH KOHTYPa MONIEPeYHOTO CeYEHMS;
R, 4R, —cm. . 8.48.
IIpu paBHOMEPHOM PACIIONIOXEHHUH ITONIEPEYHOM apMaTyphl BIOJIb KOHTYpa pacyeTHOro ITonepey-
HOT'O CeYEHUsI 3HAYEHUE ¥ IPUHUMACTCS KAK JJISI GETOHHOTO PACUYETHOIO HOIIEPEYHOro CEYeHYs COTIac-
Ho 1. 8.49.
3a rpaHHULEei pacIIONOXEeHUS MTONEPEYHOIN apMaTyphl pacyeT Ha MPOJABIMBAaHUE TIPOU3BOIAT CO-
I7acHO M. 8.49, paccMaTpuBas KOHTYP PacyeTHOTO IOINEPEYHOro CevyeHMs Ha paccrosHuu 0,5k, ot
IPaHHULBI PACTIONIOXKEHHUS TIONIEPEYHOM apMaTyphl.
8.52 Pacuer xese306€TOHHOI IUTUTH! Ha MPOJABIMBAHKE C IONEPEYHOM apMaTYpON [IpU HAeii-
CTBUM COCPEIOTOYEHHOM CHIIBI M M3rHbaoLero MoMeHra (CM. puc. 8.17) MPOU3BOMAT U3 YCIOBHA:

F . M <1
(Romeho +0,845, )1 (Rymihy +0,845, )Wy =~
rae R, ~— cm. 1. 8.48, uu hy — cm. m.8.49; W, — cm. 1. 8.50; ¢, — cm. 1. 8.51.

Ycnosue (8.85) mpyMeHUMO NPU paBHOMEPHOM PACIIONIOXEHHH NOMEPEYHOM apMaTyphl BIOJb
KOHTYpa pacyeTHOTO ITOTIEPEYHOIO CEYEHHMSI ¥ KOTJIa IIEPBOE CIAraeMoe HE MEHEE BTOPOTO.

(8.85)
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1 — pacyeTHOe ToNepeyHoe ceyeHMe; 2 — KOHTYP PAcYeTHOIO MIOIIEPEYHOro ceueHusl; 3 — rpaHula 30HH, B Ipeaenax
KOTOpO#t y4NTHIBACTCA NONEpeYHas apMaTypa; 4 — KOHTYpP PacUeTHOIO NONePeYHOro ceueHus 6e3 yueTa B pacyeTe noxe-
PeYHOI apMaTyphl; 5 — KOHTYP IUTOLIANKY TIPIWIOKEHNSI HATPY3KU
Pucynox 8.17 — Cxema A4 pacyeTa HA NPOXABIHBAHHE JKeJE300ETOHHOM IUIMTHI ¢ BEPTUKAILHONA PABHOMEPHO
pacnpejejICHHON NONEPEYHOH apMaTypoil NIPU ONHOCTOPOHHEM OrHEBOM BO3JNCHCTBHY CHH3Y WIMTHI

8.53 Ilpu neitcTBUM 106aBOYHOTO MOMEHTA B HANPABICHUY, HOPMATbHOM HEiCTBUIO MOMEHTA
M, B ycnoBusix (8.81) u (8.85) noGapnsercs mo TpeThEMY CllaraeMoMy, KOTOPOE IO CBOEil CyTd
COOTBETCTBYET BTOPOMY CJIaraeéMOMY KaXXAOI'O YCIIOBUS.

Ecnu ycnosust (8.81) u (8.85) BBITIONHSIIOTCS IpX AEHCTBUM COCPENOTOYESHHOM CHJIbI U MOMEH-~
Ta OT HOPMaTUBHOW Harpy3kKu ¥ OZHOCTOPOHHErQ OrHEBOTO BO3NCHCTBUS CTAHAAPTHOIO I10Xapa, TO
IIPOYHOCTD XKEIE300€ TOHHON IUIUTE! Ha NIPOAABIMBAHUE COOTBETCTBYIOT TpeOyeMOMY NPEAETy OTHE-
CTOUKOCTH.

ITorepu npenBapuTeILHOrO HANPSIKEHUS B apMAaType

8.54 Ilpu orHeBoM BO3HEHCTBUY BO BpeMsi TOXapa MPOUCXOIAT JOTIOJIHUTENIBHEIE [TOTEPH IIpes-
BapUTENBHOIO HAMIPSDKEHUS B apMaType.

VuyeT JONMOMHUTENBHEBIX TOTEPD MPEIBAPUTENBHOIO HAMIPSDKEHHUS B apMaType HEOOXOIUM IIpU
pacuete fedopmaLit ¥ IpY peLUeHUH BONpoca AajibHeHero UCIONB30BaHusA KOHCTPYKIIMIA flocse
rioxapa. IIpy noxape BOSHUKAIOT HOTIOMHUTENbHbIE [IOTEPH NPEABAPUTEILHOTO HAIIPSLKEHUA B apMaTy-
pe, BbI3BaHHBIE TEMIIEPATYPHOM ycaakol U MoN3yyecThio O€TOHA, penakcanyei HanpsoKeHn B apMma-
TYpE IIPYU HArpeBe U PasHOCTHIO TEMIIEPATYPHEIX AedopMarinii 0eTOHA U apMaTyphbl.
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IIpu orHeBoM Bo3AeiicTBMM GETOH Ha YPOBHE IPOAONBHOM apMaTypbl HHTEHCUBHO [IPOIPEBAETCS
¥ TIPOMCXOAUT TEMIIEpaTypHas ycanxa OeToHa. ledbopManus TeMiepaTypHO YCaaku TsoKenoro 6eTosa
Jaxe NpH KpaTKOBpeMEHHOM HarpeBe GOJIbILE, YeM P HOPMaJTbHOI TeMIiepaType. 3Ha4eHUe MoTeph
[IpeABapUTEIBHOTO HAIPSDKEHMS OT TEMIIEPATYPHOM YCaaKH IOIYCKAETC NpHHUMaTh paBHBIM 40 MITa.

ITorepu npenBapuTETLHOTO HANIPSDKEHMSI ApMATYPHI OT PejiakCalMy HaNPSUKEHUI B apMaType 3a
CYET Pa3BUTHS IUIACTUYECKUX AehopMaLii apMaTyphI ITPY HAarpeBe 3aBUCAT OT 3HAYEHMsT HAMPsDKEHU I
B apMartype U TeMIleparyphl €€ Harpesa.

[Torepu mpenBapUTENEHOTO HAIPSDKEHUS B apMAaType OT pejiaKcalliy HarpsokeHui 3a 1—3 yaca
Harpesa JOITyCcKaeTcs NpuHUMaTh paBHBIM (0,00 1Atscsp. IIpeaBaputenbHOe HAMIPSTKEHUE B apMaType o,
ONpENIENAIOT C YYETOM BCEX MOTEPh IPU HOPMALHOM TeMmriepaType. 31eCh Af, — PasHOCTh MEXIY
TeMIIEpaTypoi HarpeBa apMaTypHl IIPH ITOXape ¥ TEMIIEPATYPOil PH HATSKeHUH.

Ot BO3AEUCTBUA TEMITEPATYPHI, M3-32 Pa3IM4Ks TEMIIEpaTypHBIX AedopMaluuii 6eTOHA U apMaTy-
PbI BOHHMKAIOT IIOTEPH NPEABAPUTENLHOIO HANPSDKEHMS, KOTOPhIe IPUHUMAIOT PAaBHBIMY (0., — o, JALE, .
3HayeHust Koo puLKMeHTa o, OIpeeNsIoT 110 Tab. 5.2, koadduunenTa o, — 10 Taba. 5.6 1 Momys
YIpPYrocTH apmaTyphl £, — 1o popmyrne (5.10) B 3aBUCUMOCTH OT TeMIepaTyphl apMaTyphl.

TTotepu npeaBapuTeIEHOTO HANIPSDKEHUS apMaTyphl, BEI3BaHHBIE GEICTPO HATEKAIOLIEi IOJI3yye-
CThIO OETOHA IIPU HarpeBe, 3aBUCAT OT HANPsDKeHU B 6ETOHE Ha YPOBHE IPONOJIbHOM apMaTtyphl. Mx
AoIIycKaeTcs pUHUMarth paBHbMA 100, Tie 0}, — CKMMAIOUIKE HATPSOKEHMS B GETOHE Ha YPOBHE
TIPONOJIEHOM apMaTyphl.

B snemenTax u3 6eToHa knaccoB B30 u Bblliie, MIMEIOMMX TPEAHANIPSTKEHNE IOPSIKA o, = 0,6—
—0,8 R, mocJ1e OrHEBOTO BO3NEHCTBHS OCTATOK MPENBAPHTENLHOTO HAMPSDKEHHS ONpPENENsIoT B CTePX-
HEBOH apMarype:

xnacca A600:
O, = 84 — 0,41, (8.86)
xnacca AS00:
o, = 87 — 0,39z, (8.87)
knacca A1000:
o, = 92 — 0,26¢; (8.88)
B IIPOBOJIOYHOM apMaType KiaccoB Bp1200—Bp1500, K1400—K1500:
oy, = 89 — 0,271, (8.89)
e oy, > 0 — ocraTox NMpeaBapUTEIbHOTO HANPSKEHUI B apMaType B % MCXOMHOIO 3HAYEHUS IIpU
WM3TOTOBIEHUH;

t. > 20 — TemriepaTypa apMaTyphl IpH 11oxape, °C.

N3 dpopmyn (8.86—8.89) cnemyer, 4To BO BpeMs I10XAapa OT OTHEBOTO BO3AEMCTBUS IIPOUCXOMMUT
MOJIHAS TIOTEPsI IPEXBAPUTEILHOTO HANPSKEHVSI B CTEPXXHEBOI apMaTtype Kiacca A600 pu ee Harpese
cbime 210 °C, wracca A800 — cBrime 220 °C, xnacca A1000 — cBbire 350 °C, B mpoBoIoYHOIt
apMarype KiaccoB Bp1200—Bp1500, K1400—K1500 — cssite 330 °C.

TIpu Harpese apMaTyphl HIDKE TEMITEPATYPhl, PH KOTOPO#H BO BPEMS ITOXapa IIPOKCXOAUT IOJ-
Hasi IOTePsI MPEABAPUTENILHOTO HAMPSXKEHUS, B OXJIAXIEHHOM COCTOSHMH ITOCJIE IT0Xapa MOXET Ha-
6JIIONATECST HEKOTOPOE BOCCTAHOBJIEHUE TIOTEPD IIPEAHAIIPSDKEHUS B apMaType K3-3a pa3inyus TeMIepa-
TYpHBIX NecopMarimit apMaTyphl U 6eToHa.

IloTepu npenBapuTENLHOTO HANMPSDKEHUS! B apMaType IpH €€ HarpeBe BhILLE TEMIIEPATYPBI, TIpH
KOTOPO#t MPOUCXOMUT IOJIHASL MTOTEPS MPEIBAPUTELHOTO HANPSKEHUS IIPU ITOXape, B OXJIAXASHHOM
COCTOSTHMH TIOCTIe TI0Xapa He BOCCTaHABTMBAIOTCA.

9 Pacyer npeieia OrHECTOHKOCTH 10 HMEJOCTHOCTH

9.1 IIpexen OrHECTOMKOCTU MO LEJIOCTHOCTH — ITI0 00pPa30BaHMI0 CKBO3HBIX OTBEPCTUM WU
CKBO3HBIX TPELIMH BO BJIAXHOM G€TOHE Py ONHOCTOPOHHEM HarpeBe — HacTynaer 4yepes 5—20 MuH
NoCJie Hayaia I10Xapa M COINPOBOXIAETCA OTKONAMU GETOHA OT HarpeBaeMoii IIOBEPXHOCTH.

B TOHKOCTEHHBIX X€JIe3006 TOHHBIX KOHCTPYKLIUSX TONIUMHOM 40—200 MM 3TO IPUBOAXT K 00pa-
30BaHMIO CKBO3HBIX OTBEPCTUIl M TPEIIUH, HAIIPMMED, B CTEHKE NBYTABPOBOIl OaNKWM WIM B IUIMTE
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MEPEKPHITUS. B KOHCTPYKLIMSX TOMLIMHOM Gonee 200 MM 3TO ITPUBOMMT K OTKOJAM KYCKOB OeToHa
TonuuHOR 10 50—100 MM, YTO YMEHBLIAET [TOTIEPEYHOE CEUeHHE IJIeMEHTA.

IpryrHOI XpYTIKOro paspyrueHus 6eToHa IPU [1oXape SBJIIeTCS 00pa3oBaHue TPELIUH B CTPYK-
Type GETOHA U MX IIepeXo] B HEpaBHOBECHOE CITOHTAHHOE Pa3BUTHE IIOA BO3NCHCTBHEM BHEUIHEN Ha-
IPY3KU ¥ HEPABHOMEPHOTO HarpeBa ¥ QUIBTPALMY ITapa 10 TOJILIMHE CeYeHMs SJIEMEHTA.

9.2 Bo u3GexaHue XPYIIKOro pa3pylieHus B GeTOHe HAMPKCHUA CXXATHA HE JO/DKHBL [IPEBLI-
1IaTh 3HAYSHMH, YKa3aHHBIX HA pHC. 9.1, HE3aBUCHMO OT Bua GeToHa.

35

30 /

25 7

20 3oua xpynkorg  /
paspylueHns

15 ;

10 Be3orniacups

Hanpsoxenne cxarust B 6erone, MIla
.

/
40 80 120 160 200

TonumHa, MM

Pucynox 9.1 — 3aBHCHMMOCTb XPYNKOIO paspymienns Geronma
OT HANPSDKEHNH CXKaTHA B GeTOHE M TOMINHMHBL HTEMEHTA

0

9.3 B Xene306eTOHHBIX KOHCTPYKIMSIX U3 TSLKEJIOT0 OeTOHA C CHJIMKATHBIM 3aIIOTHATENEM U
BJIaXXKHOCTBIO Gonee 3,5 %, ¢ KapGOHATHBIM 3aIlOIHUTEIEM M BIAXHOCTHIO Oojiee 4 % U U3 JIETKOTO
KOHCTPYKLIMOHHOIO KEPaM3UTOOETOHA C BIAXHOCTBIO 6osee 5 % U mIOTHOCTHIO Gomee 1200 kr/m3
BO3MOXHO XpYTIKOe pa3pynieHue GeToOHa MpH [moXxape.

Bo3MOXHOCTE XpYITKOro paspyliueHHa 6eToHa mpu moxape mo B.B. XKykoBy onieHuBaercst 3Haue-
HUeM KpUTepusi Xpyrnkoro paspymieHus F. Ecim F < 4, To xpynkoro paspyuierns 6etoHa He Gyner. Ecmu
F > 4, o GeroH OymeT Xpynmko pa3pyluaTbCs, M Mpenesl OTHECTOMKOCTH MO UEJIOCTHOCTH He OyneT
npesbiLuath E15.

Kpurepmii xpymkoro paspyiueHUs 6eTOHa CliedyeT OIPEAE/ISTh 10 (POpMyIIe:
F=ao,E pW,/ K/'An, 9.1)

e a — Ko3((ULNEHT IpONOpUMOHATBHOCTH, paBHBIii 1,16-1072 Br-M¥2/kT;

0, — Ko3(OUIMEHT TemnepaTypHoi fedopmanuu 6€ToHa, IPUHAMAIOT 110 Tabx. 5.2 I TeMIepa-
Typsl 6eToHa 250 °C;

E,, — monyns ynpyrocru 6eroHa, MH/m? (1 MH/M? = 1 MIla = 10 Krc/cM?), onpesesioT o
dopmyse (5.3), B xoTOpOii Ko3(duLMeHT B, MpuHUMaloT 1o TabJ1. 5.1 Npu Harpese 6eToHa
Io 250 °C;

p — IUIOTHOCTh 6ETOHA B CyXOM COCTOSIHMH, KI/M>, IIDUHHUMAIOT PaBHOM [UIOTHOCTH GETOHA B

€CTECTBEHHOM COCTOSIHUH 33 BRIYETOM MCHApAIOLIeHCA BoIbl B KonudecTse 150 kr/m3;

K;! — x03QUIMEHT [ICeBIOMHTEHCHBHOCTH HanpsDkeHui 6eTona, MH M2, npuHuMaor 1o Tabn.
9.1 B 3aBUCHMOCTH OT BHIA ¥ KOJIMYECTBA KPYITHOTO 3aITOJIHHTEIS;
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A — Ko3bHUIMEHT TEIIONPOBOAHOCTH GeToHa, Bt/(M-°C) onpenensaioT nmo ¢opmyiam (6.2)—
(6.4) nna Temneparypsl 6eToHa 200 °C.
W, — o0beMHas 3KCIUTyaTalMOHHAs BIaXHOCTh 6eToHa, M3 /M3;
n — oblast MOpUCTOCThL OETOHA.
O61y0 MOPUCTOCTh OETOHA C TUIOTHRIMM 3aTIOIHUTENSMM A OTIPEIEIOT o opMynam:

s 6etoHa ¢ B/ = 0,4:
n=1(B/LI - 0,2)1073; 9.2)

st 6erona ¢ B/I1 < 0,4:
n= (B/LI-8-10~411. 9.3)

O6w1ast mopUcTOCTH 6€TOHA C TIOPUCTHIM 3AITONHUTENEM A, YBEIMYMBAECTCA HA IOPUCTOCTS 3AII0N~
HUTENA 1y, YMHOXEHHYIO Ha OTHOCUTENIbHOE 06HEMHOE COREpKAHKE KPYITHOTO MOPUCTOTO 3aIIONHUTENS
B Gerone Vi

n =n+ Vi, 9.4
OGbeMHas IKCIUIyaTalMOHHas BIIaKHOCTb GetoHa W, (M3/M3) paBHa:
W, = W,p1073, 9.5

rae W, — paBHOBECHas BIaXHOCTb 6€TOHa [0 Macce, KI/KT.

Ta6nuuma 9.1

3navenns K;' (MH-M%?) B 3aBucHMOCTH OT
By samomHuTeneii colep>KaHUs KpPYNHOro 3anoiHuTens B Getoue, %
35 50
[TpuponHbIi TECOK W CUIMKATHBINA WEOCHD 0,47 0,53
TTpupOIHBI MECOK M KapOGOHATHBIN WeGeHb 0,39 0,44
IpupogHBIN MECOK ¥ KepaM3UTOBBIM IPaBUH 0,31 0,32

OpumMeyaHug

1. TIpu xpynmHocT! 3anosnHutens Goxee 10 MM 3Hauenus K|! ymHoxaloT Ha 1,14,

2. Ina GeToHa, OABEPIHYTOro TEILIOBNAXKHOCTHOM o6paGorke, 3Hayenys K;' menar Ha 1,4.

3. 3nauenns K;! ang pacxona Kpymaoro samonHuTtens <50 u > 35 % NpUHMMAIOTCA 1O AWHERHON MHTEpnONA-
LMK,

9.4 MaxkcuMaibHas paBHOBECHAS BIAXXHOCTh O€TOHA B XeJIE3006 TOHHBIX KOHCTPYKLIMSAX MOXET
COXPAHATLCA B TIEPBBIN MECSIl BJIAXHOTO TBEpAECHUS OeTOHA WM NPU SKCIUTyaTallMd BO BIAXHBIX
YCJIOBHSIX, KOTJA BCE ITOPHI M KAIVJULIPHI 3aII0MHEHEI BOAOH. B 5T0M Ccliyyae MaKCUMAIBHYIO paBHOBEC-
HYIO BIaXKHOCTh O€TOHA OIpenesisiioT 1o hopMyrie:

I/Vb,max = npw/pl’ (96)

IO¢ # — IIOPUCTOCTb OETOHA,;
p,, — IUIOTHOCTb BOIBI, paBHas 1000 Kr/M3;
P, — IUIOTHOCTH GETOHA €CTECTBEHHOM BIaXHOCTH.
PaBHOBECHYIO BIAXHOCTb OETOHA B 3aBUCUMOCTY OT OTHOCUTENBHOM pacyeTHOM BIAXKHOCTH BO3-
Jyxa, TIpY KOTOPOIT OYIET 3KCIUTyaTUPOBATHCS KeJIe300€TOHHAsA KOHCTPYKIHMS, B OT pacxofa IleMeHTa
IMPUHUMAIOT ITo Tab. 9.2.

TaGnuuma 9.2

Becosast BraxHocth 6etoHa W,'10? (Xr/Kr) B 33BHCHMOCTH

Pacxon uemeHra, OT OTHOCUTENBbHOI PacyeTHOU BIAXHOCTH BO3OyXa, %
xr Ha 1 M3 BeToHa

25 50 75
200 0,6 0,9 1,2
300 1,0 1,3 2,5
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Oxonuarue mabauyst 9.2

BecoBas BraxHocTh GeToHa W, 102 (XT/KT) B 3aBHCUMOCTH

Pacxon uemenrTa, OT OTHOCHTENBHOM PacYeTHOM BIAXHOCTH Bo3ayxa, %
Kr Ha 1 M GeTonHa

25 50 75
400 1,5 2,1 3,0
500 2,0 2,7 3,8
700 3,0 39 5,4

Ipumeyanu e IIpoMexyroussle 3HayeHuss W, IPUHUMAIOT 10 TMHEHHON MHTEPHIONALMHI.

TIpu npuMeHeHUY TTOPUCTOTO KPYITHOI'O 3aIIOJIHUTENSE PABHOBECHYIO BJIAXKHOCTb 6eTOHA, HMEIO-
ILIETO IVIOTHOCTH Gostee 1200 KT/M3, ClemyeT yBeIMYHMTh Ha 06BEMHYIO SKCIUTyaTAlMOHHYIO BAaKHOCTD
KPYITHOTO 3aronuutens W, , m>/m*:

W,,= V,W,,0107, ©.7)

rae V¥, — oTHOCHTENBHBIA 06BEM IIOPUCTOrO KPYIIHOIO 3AMTONHUTENIS B 6€TOHE,
W,, — paBHOBeCHas BJaOXHOCTb KPYITHOTO [IOPUCTOTO 3aMIOJHMUTENA IO Macce, KT/Kr. s kepam-
3UTa CPENHIO PABHOBECHYIO BIAXHOCTb W, M0 Macce MOXHO MPUHKMMATD B 3aBUCUMOCTH
OT OTHOCHUTETHHOM PaCYETHOMN BIaXXHOCTH BO3/yXa, MPHA KOTOPOi OYAET 3KCIUTyaTHPOBAaTh-
¢ KOHCTPYKIIFS, IO Tabm. 9.3.

Ta6nuuna 9.3

Pacyernast OTHOCUTEbHAS BIAXHOCTh BO3AyXa, % PaBHOBecHast BIAXHOCTh KepaM3uTa ng‘loz, KI/KT
25 0,75
50 1,20
75 1,50
100 2,80

9.5 Kak BuaHo u3 popmyis (9.1), 3HauyeHHE KPUTEPHUS XPYIIKOTO pa3pylieHus 6eroda F3apu-
CHUT OT DU3UYECKUX CBOMCTB OeTOHA, KOTOPHIE HE3HAYUTEIBHO OTINYAIOTCS IS PAa3HbIX COCTABOB, K OT
00BEeMHO SKCIUTYyaTallHOHHOM BIAKHOCTY 0€TOHA, KOTOPAsi CYIIECTBEHHO BIIMSET Ha 3HAYSHHUE 3TOr0
Kputepusi. YeM 6omblIe BIaXHOCT: OETOHA, TeM OOJIbILE 3HAYCHUE KPUTEPHS XPYIIKOTO Pa3pyICHUT, 1
TeM GOJBIIIE OITACHOCTH BOSMOXHOCTH XPYTIKOTO paspylieHUs OeTOHa BO BpeMst Hoxapa.

Haubomp1iyo BIaXHOCTh OETOH UMEET HEMTOCPEACTBEHHO ITOCHE U3TOTOBICHHMS XeJle300e TOHHOM
KOHCTPYKIIUH, 3aTeM OH BBIChIXaeT. [103TOMYy HEOGXOOUMO paccMATPUBATE BO3MOXHOCTD XPYIIKOTO
paspyuieHus OeToHa IpU MOXape KaK BO BPEMS CTPOUTENBCTBA, TaK U B NEPUOI ITycKa 00beKTa B
SKCILTYaTallHIO, a TAKKe MPU SKCIUTyaTallUU COOPYKEHUS B 3aBUCHMOCTU OT OTHOCUTEIHHOM pacyeT-
HOM BJI&XXHOCTU BO3MyXa.

9.6 BeToH, HMEIOLIMIT 3HAYCHHME KPUTEPUSA XPYTIKOTO paspyiteHus F > 4, HeobX0aMMO 3aIUTHTh
OT XPYIIKOI'0 pa3pylIeHUs BO BpeMsI IoXapa CASAYIOLIUMY MEPaMU:

1) moBblIIEHNEM YPOBHS MTOXAPHOI 6€30ITaCHOCTH ITyTeM 06ECIIEYCHIS BO3MOXHOCTH TIUKBUIA~
LMY MOXapa Ha HAYaJIbHOM CTaluu;

2) CHIDXEHUEM PACYETHOU OTHOCUTENNBHOM BIXHOCTU BO3yXa B IOMELICHHH;

3) DOMOMHUTENEHBIM KOHCTPYKTUBHBIM apMUPOBaHMUEM ITOBEPXHOCTHOTO CJI0si GETOHA CO CTOPO-
HBI HarpeBa apMaTypHOU CETKOM ¢ siyeiikamu 25—70 MM 1 nuameTpoM apmatyper 0,5—1,0 mm;

4) HaHECeHHeM OTHE3aLIUTHOrO [TOKPHITHS Ha HarpeBaeMylo ITOBEPXHOCTL OETOHA;

5) yCTpOUCTBOM METAJUTMYECKOH OOMIIOBKU CO CTOPOHBI HarpeBaeMol ITOBEPXHOCTH;

6) npuMeHeHeM GETOHOB C OTpaHMYEHHEIM PAaCXOAOM IieMeHTa; yMeHblueHHEIM B/11; ¢ kpyr-
HBIM 3aIOJHUTENeM, 00IaJaoKM 0osee HU3KUM KO3 OUIIEHTOM TeMITepaTypHOTO PaCIlIMPEeHUs.

9.7 Ilpeaen OTHECTOMKOCTH IO LIEJIOCTHOCTH — IT0 00Pa30BAHUIO CKBO3HBIX TPEIIMH B [LIUTAX,
CTeHaXx M CTeHKaX ByTaBPOBbIX OaJOK IIpY IBYXCTOPOHHEM HarpeBe — HACTYTAeT IIPH IIporpeBe GETOH-
HOTO CEYeHUs MO BCEil TOJILIMHE 37IEeMEHTa JO KPUTHYECKON TeMIlepaTypsl Harpesa 6eToHa, Korua B
feToHe HapymaeTcs CTpyKTypa. OLeHKa BO3MOXHOCTH [TOTEpH NEIOCTHOCTH 33 CYET BOSHUKHOBEHUS
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nporpesa 6€TOHA MO CEYEHUIO BBILIE KPUTHUECKON TeMITepaTyphl MPHU IToXape NPOU3BOIUTCS ITyTeEM
aHaJIM3a TEMIIEPATYp MPOrpeBa SJeMEHTOB [10 BceMy ceueHUIo (cM. puwioxeHus: A, Bb). Kputuueckue
TeMIepaTypsl HarpeBa 6eTOHA IpeICTaBNIeH B 11. 4.12.

10 KoncTpykTuBubie TpeGoBaHHd, MOBLIMAINME Mpeel
OTHECTOHKOCTH XKeie300eTOHHBX KOHCTPYKIMii

10.1 YeM 6onblie 3auMTHBINA CI0ii 6ETOHA, TeM BHIIE MpeaeNl OTHECTONKOCTH KOHCTPYKIIMH.
Ecnu TonuuHa 3anmTHOTO cnost GeToHa 6osbie 60 MM i TsoKeIoro 6eToHa ¥ 80 MM IS IETKOTO
6eToHa, 3aLUTHBINA €0 6ETOHA MOXET MMETh ApMMUPOBAaHKE CO CTOPOHBI OFHEBOTO BO3AEHCTBUA B
BUIE CETKU U3 CTEpXHe auaMeTpoM 1—2 MM ¢ ayeiikamu He 6onee 70X70 M.

10.2 B xene306eTOHHBIX KOJOHHAX C MPOIOBHOM apMaTypoii B KOTIMYECTBE Goliee YeThIpeX CTepxK-
HEW B CEYEHHH HELIENECO00PA3HO YCTaHABIMBATh BCIO apMaTypy OKOJIO 060rpeBaeMoii mosepXHocT. s
TTOBBIILIEHUS ITPEIEIa OTHECTOMKOCTH KOJIOHH pabouyio apMaTypy CJIEAyeT YCTAHOBUTH B MAKCUMAIBHO
BO3MOXHOM YIAIECHIH OT ITOBEPXHOCTH, OIKDKE K SAPY CeYeHHUS KOJIOHH, €CIIH 3TO MO3BOMNSIOT YCHITHS.

10.3 KonoHHBI 60NBLIOrO MTONEPEYHOTO CEYEHUS ¢ MEHBIIUM IIPOLIEHTOM apMUPOBAHWUS JIYYIIIE
COMPOTUBASIOTCS. OTHEBOMY BO3ACHCTBHIO, Y€M KONIOHHBI MEHBIIETO IOMEPEYHOTO CEYCHHS C GOJIBIIIAM
MPOLICHTOM 2PMUPOBAHUSI.

10.4 Ipenen orHecTOMKOCTH KOJIOHH C KOCBEHHBIM apMUPOBAHMEM B BUIE apMAaTyPHBIX CBAPHbIX
IIOTIEPEYHBIX CETOK, YCTAHOBJIEHHEIX C LUATOM He Gonee 250 MM, WIM CO CIIMPAJILHOW apMaTypoi
yBenuuMBaeTcs B 1,2 pasa.

10.5 KostoHHB! ¥ 6ATIKM ¢ XECTKOM apMaTypoit, pacIioIOXeHHOM! B CEpeIHE CEYEHUST, UMEIOT
3HaYUTENHHO GONBILUI ITPEAET OrHECTORKOCTH I10 TOTEpe HECYIIEH CITOCOGHOCTH 10 CPABHEHMIO C
OankaMu i KOJIOHHaMH, apMHAPOBAaHHBIMU CTEPXXHEBOI apMAaTypOii, PaCIIoNIOKEHHOM 0KO0JI0 000rpeBae-
MO ITOBEPXHOCTH.

10.6 B Gankax, py pacroyioXeHHH apMaTyphl Pa3HOTro TMaMeTpa X Ha pa3HBIX YPOBHAX, CleyeT
pacrionarath apMatypy G0MBIIEro JMaMeTpa JAbiie OT 000rpeBaeMOiil IIOBEPXHOCTH IPH IIOXKAPE.

10.7 Ins nOBBILIEHUS Ipefeia OTHECTOMKOCTH GaloK peKOMEHIYETCS peryaupoBaTh GopMy ce-
YeHUA OaToK: MPEennovYTUTEbHES IIUPOKUE Ok, a He Y3KME M BBICOKKME. B KayecTBe OCHOBHOM
apMaTyphl 6aJ1I0K PeKOMEHIYETCS HCIIOIb30BaTh 00Jiee IBYX CTepXKHE, Hauboiee MpeaTouYTUTeIbHO
pa3sMeLaTh apMaTypy B HECKOBKO PSI0B, MAKCUMAJTBHO BO3MOXKHO [IOMECTUB apMaTypy BIJy0b ceye-
HUA 0T 060rpeBaeMOi TOBEPXHOCTH.

10.8 Ha onopax Mexny COCETHUMU OalKaMy ¥ MeXny GalKoi M CTeHOM N0JKeH ObITh 3a30p,
KOTOPBIH ITO3BOIUT 6ajike CBOOOMHO YIUIMHATLCS B ITPOLIECCE OTHEBOro BosmeicTBus. IlIupuHa 3a3opa
JIomxkHa 6617k He MeHee 0,05/, rne [ — nponeT Ganku.

10.9 B muuTax uenecooO6pa3Ho UMETh MONEPEYHYIO apMATypy, KOTOpas [IPEIOXPaHUT pabodyio
TOPH3OHTAIBLHYIO apMaTypy OT BBIITYYHBAHUS BO BpeMS IOXAapa.

10.10 B minTax Ha cTasbHOM MpodIIMPOBAaHHOM HACTHIE 6ETOH M apMaTypa B rodpax JoJDK-
Hbl COeUHATBCS C HACTUIOM BO U30€XaHUe €r0 OTCIOSHMS ITPU OTHEBOM BO3ICHCTBUM.

JUIs1 TOBBILIEHUST OTHECTOMKOCTH MHOTOIIPOJIETHEIX IUIUT M3 MOHOJUTHOTO Xe/le300eToHa Ha
CTaJIbHOM IpodiUTipoBaHHOM HacTwie 10 R150 B riepBoM KpaliHeM IpoJieTe IUIMTH CICAYET YBEIMYUTD
wronank apmatypsl Ha 30 % cBepx pacyeTa, CeYeHUe apMaTyphl Ha IEPBOI IIPOMEXYTOYHOI ormope
IIPeNyCMOTPETE B [1Ba pa3a GoJIbilie, YeM B IIEPBOM IIPOJIETE.

10.11 Ilpenen orHeCTOMKOCTY CTATHYECKY HEOTIPENETUMO KOHCTPYKIIMU GOMbLIE Mpeesia OTHe-
CTOMKOCTH CTaTUYECKHU ONTPENETMMON KOHCTPYKUMY Ha 75 %, eCNU IUIOLIAAb CEYeHUSI apMaTyphl Ha
oriope, Tae ACHCTBYET OTPUIATEIbHBIIA MOMEHT, 60JIblie YeM B rposere B 1,25 pa3a; Ha 100 %, ecnu —
B 1,5 pasa; Ha 125 %, eciu — B 1,75 pasa u Ha 150 %, ecniu — B 2 pasa.

BrusiHue apMaTypel Ha OIopax yYUTBIBAIOT, eciii 20 % apMaTyphl paconoXeHo B rposete u 80 %
JaoBonuTcs He MeHee yeM Ha 0,4/ y kpaliHeit onopsl, 1 He MeHee 0,15/ Ha IpoMeXyTOYHBIX OITOpax.

10.12 ins Toro, YTOGB! KOHCTPYKIIMSE TEMITEPATYPHOTO 11Ba MOIIa BEIIEPXHBATh BRICOKOTEMIIEPa-
TYpPHOE OTHEBOE BO3NEHCTBUS NP NOXape U COXPAHSITh JOCTATOYHbIE TEIUIOU30NSIIMOHHBIE CBOICTBA,
HEeOoDXOMMMO 3aITOTHUTD €r0 HETOPIOYNMH MaTepriaiaMy ¢ HU3KOH TeIUIonpoBoaHOCTHIO. LlInpiHa TemMrie-
parypHOro uIBa 1omxHa ObITh He MeHee 0,0015/, rae / — paccTosHue MeXny TeMITEPaTYPHbIMH HIBAMIA.

10.13 Bo Bpemsi moxapa 3alMTHBIH C/10it GeTOHA MPeIOXpaHIeT apMaTypy OT GbICTPOTrO HarpeBa
€e 10 Kputuyeckoi remreparypsl. [Ipenen orHecToiKOCTH yBENMYMBAETCS, €CJIM IPUMEHHUTh OTHE3a-
LIMTHOE MOKPhITHE. M3BeCTKOBO-LIEeMEHTHAs IITYKATYPKA TOJMIMHOM 15 MM, TUNCOBast — TONIHHOMN
10 MM, BepMUKYIMTOBAsI — TOJNLIMHON 5 MM WM TEIUIOU3OJSIIIUS U3 MUHEPAJIbHOTO BOJIOKHA TOJIIM-~
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HOM 5 MM SKBUBAJIEHTHBI YBeIMYECHMIO Ha 10 MM TONMIMHEI 3aLIMTHOTO CJIOS TSOKENMOro 6etoHa. Oruesa-
LMTHBIE MTOKPBITUS, IPUMEHSIEMBIE IS ITOBBIIEHUS IIpeAesia OTHECTOMKOCTA KOHCTPYKLIMIA, TaKkoKe
MOTYT UMETh apPMUPOBaHHE.

10.14 Ipu ipMEHEHNH B CTEHOBBIX MAHEMSIX WIM MIEPEKPHITUSIX TOPIOYETO YTEIUTUTESIS CIeIyeT
[IpeyCMaTPUBATh OTHE3ALUMTY STOTO YTEILUTUTEA 1O [TEPUMETPY HECTOPaeMBIMHM MaTepUaIaMHu.

10.15 3aceImKu U 11071 X3 HETOPIOYMX MaTEPUAIIOB IPU TEIUIOTEXHUIECKOM pacyeTe BKIIOYAKOTCS
B OOLIYIO TONIIMHY IUIMTHL M IIOBBIIIAIOT €€ Mpeen OrHeCTOMKOoCTU. I'oproune H30MALMOHHBIE CIOHU,
YIOXEHHBIE Ha IEMEHTHYIO IIOATOTOBKY, HE CHILKAIOT NpeJesia OPTHECTOMKOCTH IUTUT. JlOMONMHUTEIbHEBIE
CJIOM CTSDXKH M IUTYKATYPKY MOTYT OBITh OTHECEHBI K TOJILIMHE [UTUTHI,

11. OrHecoxpanHoCTh XKeae300eTOHHBIX KOHCTPYKIMi mocjie moxapa

11. 1 ITpn nmpoeKTHpOBaHUHM XEJI€300€ TOHHEIX KOHCTPYKIINIA, YKa3aHHBIX B IT. 4.11, MoykHa OBITH
[POBEpEeHAa UX OrHECOXPAHHOCTD MOCHIE MOXapa IIMTENLHOCTBIO, 9KBUBAJICHTHOM MPENeiTy OrHECTONKO-
cru KoHCTpyKiu. [Ipy 5TOM clieflyeT aHATMTHYECKH MPeayCMOTPETh BCeBO3MOXHEIE IIOCHEACTBUSA pa3-
PYLIAIOLIEr0 BO3NEICTBUSA OTHS HA HAPYXHEIE CJIOU GeTOHA U apMaTypy.

IIpounocTs mocie moxapa

11.2 ITpoyHOCTD Xe51€300€TOHHBIX JIEMEHTOB PACCYUTHIBAIOT IUISI HOPMANIBHBIX M HAKIIOHHBIX
CeYCHMH COIIacCHO YKa3aHWSIM pasziena 8.

ConpoTHBIeHIE CXKATHIO OETOHA HATPETOrO BHILIE KPUTUYECKOM TEMIIEPaTyphl OIYyCKAeTCs He
yuuThIBaTh. CONPOTUBIEHHE OETOHA CXATUIO MPUHIMAETCSl PABHOMEPHO PacIIpeNeSICHHBIM IO CXKATOi
30He. B 310M CiTyyae TeMnepaTypa HarpeBa OeTOHA HIDKe KPUTHYECKO# TeMIiepaTyphl. PacyeTHEIE COMpo-
THUBJICHUS CXATHIO TIPUHUMAIOT PaBHBIM R,, pacueTHBIE COMPOTUBICHMS apMaTyphl PacTSDKEHUIO U
CXATHIO ITOCIIE OTHEBOTO BO3NENCTBHUSA NPU MOXAPe NMPHMHUMAIOT COOTBETCTBEHHO PaBHBIMU R M R_,.

3HavyeHue KOIGOUUMEHTOB YCIOBUIA paGOTBI apMATYDHI Y,, B OXJTaXAEHHOM COCTOSIHMM T10CIIe
moXxapa IMPUHUMAIOT 110 TabJI. 5.5 B 3aBUCHMOCTH OT TEMITEPATyphl HarpeBa apMaTyphl BO BpeMs roXxapa.
Ilporpes GeToHa 10 KPUTHIECKOI TeMITepaTyphbl BO BPEMsl [1OXapa YCTaHABNUBAIOT 10 puc. 5.1, 8.1 u
8.2 ¥ TEIUTOTEXHIMYECKUM pacyeToM (CM. IPHIOXeHus A, B).

11.3 Ilpu pacyeTe OTHECOXPAHHOCTH KeJIe3006TORHBIX KOHCTPYKIMIA IO AehopMaIoHHOI Moe-
JIK ¥ ¢ IpuMeHeHeM DBM u3MeHeHnsa CBOCTB 6eTOHA MOCIE ITOXAapa YYUTHIBAIOT 10 BCEMY CEYEHHIO
9JIEMEHTa.

11.4 IIpu pacyeTe MPOYHOCTH HOPMAJIbHBIX CEYEHUH XKeIe300€TOHHBIX 3JIEMEHTOB CIeyeT Y4u-
TBIBaTh, YTO 3JIEMEHTHI, PACCYMTAHHBIE Ha paboTy DO MmoXapa IpH X < &ph,, mocie moxapa MOryT
paboTaTh NPU X > & ph,, U3-32 YMEHBIIEHUS CXATON 30HEI 6€TOHA 1TOC/E MPOTrpeBa HAPYXHBIX CIOEB
0eTOHA BBIIIE KPUTHYECKON TEMITEpaTyphI.

Korna ycnosue x < &ph, He cOGMIONAETCSI, MOMEHT OIpeAessiioT no dopmynam (8.9) u (8.11),
ITOACTABJISISI B HUX 3HAYSHUS BBICOTHI CXATOM 30HEI, ONpeAe/IIeMot o dopMmyre:

x=Egh,. (11.1)

3HayeHue § ; BHIUMCIISETCS 10 hopmyJIe:

Er=x/hy=08/|1+=3L |, (11.2)
Ep,uit

OrHocuTenbHas nedopMalns PaCTSHYTOM apMaTyphl NP HAPSDKEHUAX, PaBHBIX R, onpenes-
eTCsL:

e,q= R,/ E, (11.3)

OTHoCHTE/BHYIO AeOPMALMIO CXATOrO GETOHA €, ,;, IPU HANIPSDKEHUSIX Ry, IPUHUMAIOT PaB-
HOIA €, 110 TA0. 5.4.

11.5 I1pu pacuyeTe 110 MPOYHOCTH IIOCJIE TIOXapa YCWIUA U ReopManui B HOPMAJIBHOM K PO-
JIOJILHOM OCH 3JIEMEHTA CEYeHIH Ha OCHOBE JIe(hOPMALIMOHHON MOJIENH OTIPee/IIOT COJIACHO YKA3aHU-
M 1. 8.24—8.26, ucob3ys AUarpaMMBbI COCTOSIHUST GETOHA M apMaTypHl, [0 PaCYETHBIM COIIPOTHRIIE-
HHAM, CO 3HAYEHUAMU KO3OUIMEHTOB YCIOBHUI PaGOTHI Yy, U Y, B OXIAKACHHOM COCTOSTHUM HOCIE
nioxapa. Momyns aepopmaruu 6eTona E;, onpeensior mo dopmye (35.4).
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Pacuer nporu6a nocJie noxapa

11.6 Bo BpeMs noxapa B U3rHGAEMbIX, BHELIEHTPEHHO CXATHIX M BHELEHTPEHHO PACTAHYTHIX
37EMEHTaX IIpU IKCIULYaTalMOHHOMN Harpy3Ke OT OTHEBOTO BO3AEHCTBUS MPOUCXOOUT Pa3BUTHE JOIION~
HUTENBHOro nporu6a U3-3a 3HAYUTE/IBHOTO HArpeBa pacTsAHYTON apMaTyphl U Iepernana TeMIeparyp o
BBICOTE CEYCHHA.

Ilpu Temneparypax HarpeBa apMaTyphl 10 350 °C rmporu6 Xejre3006TOHHOTO 3JIEMEHTa Pa3BUBacT-
Cs, B OCHOBHOM, 3a CYET TEMIIEpaTYpPHOIO pacLUMpPEHUs] apMaTyphbl M 6eToHa y fojee HarpeBaeMoit
[TOBEPXHOCTH.

IIpu Gosiee BEICOKHMX TEMITEPATypax OFHEBOTO BO3NEHCTBUSA MPOTUG Pa3BUBAETCS, B OCHOBHOM,
U3-33 BEICOKOTEMITEPATYPHOH ITOI3YYECTH apMAaTYPEL

IIpu noxape Mporud 37eMeHTa BOHUKAET BCICICTBUE BO3NCHCTBHS Harpy3Ky U TEMITEpaTyphl.

[Tocne moxapa, B OXN1aXAEHHOM COCTOSIHUM, NIPOrH0 OT HEPABHOMEPHOTO HArpeBa Io BHICOTE
CEYEHUS DJIEMEHTa YMEHBIIAETCS, X OCTABIIASCA YaCTh IIPOruba oT Harpy3Ku 3Ha4YUTeNIbHO GOJTbIIE,
4yeM IIPOrul OT Harpy3Ku IO NoXapa U3-3a CHYDKEHUS MOIYJISL YIIPYTOCTH GETOHA 1 pa3BUTHA [UTACTH-
yecKux AedhopMaruii apMaTyphl IpU HarpeBe.

ITpu ocTeIBaHMY ITOCIIE [TOXXApa MIPOYHOCTHBIE U YIIPYTOIUTACTUYECKIE CBOMCTBA OETOHA TIPaKTH -
YECKM HE BOCCTAHABJIKBAIOTCS, a B apMaType MPOMCXOAUT YaCTHYHOE BOCCTAHOBICHME TPOYHOCTH K
TIOJIHOE BOCCTAHOBJIEHUE YIIPYTOCTH.

11.7 Tlocne moxapa xene300eTOHHBIE 3JIEMEHTH UMEIOT TPELIMHbI C HAarpeBaeMOi CTOPOHBI IO
BCel1 TMHE IIpoJieTa.

Jist m3rnbaeMBIX 3/IEMEHTOB, HMEIOILMX MIOCTOSTHHYIO BBICOTY IO IUIMHE 3JIEMEHTA, B Ipeaesyiax
KOTOpOW M3rubaeMblii MOMEHT He MEHSeT 3HaK, KpUBH3HY JOITyCKAaeTCA BRIMHCAATH WIS HauGoee
HAIPsKEHHOIO CEYEHUs, IIPUHUMAs €€ IU1S1 OCTANbHBIX CEYSHUH M3MEHSIOLLEICS TPONOPLIMOHAIBLHO
3HAYEHUIO U3rn0aeMOro MOMEHTA.

Jist cBOGOAHO ONIEPTHIX U KOHCOJIBHBIX 3JIEMEHTOB MAKCUMAIBHBI# ITPOTHO HOITyCKAETCA Ompee-
JIATh 110 hopMmyTie:

f= 512 (1/1) 0o (11.4)

rae § — Ko3ddUUMEHT, 3aBUCSUIMIA OT BUIA HArPY3KH ¥ pacYCTHOM cxeMBl aeMeHTa. Ilpn meitcTBun
PaBHOMEPHO pacIpelie/IeHHOM Harpy3Ku: UL CBOOOAHO OoNepToii 6ayiku s = 5/48, mis KOH-
CONBbHOM Ganku s = 1/4.
11.8 KpuBu3Hy U3ru6aeMsbix, BHELIEHTPEHHO CXATHIX U BHEIICHTPEHHO PACTSHYTBIX 9JIEMEHTOB C
TpellIHAMU B PACTSIHYTOM 30HE OMNpeAeISIoT o hopMyIe:

(/P yax = A/Dy — A/1)y + (/1) — (/1) (11.5)
rae (1/7);, — KpHMBU3Ha OT HENPOIOJDKMTENFHOTO AEUCTBHS BCEH HArPY3KH, HA KOTOPYIO IIPOM3BOIAT
pacyeT 1o aedopMaLusiM;
(1/r), — XpuBM3HA OT HEMPONOIKHMTENBHOTO NEHCTBIA IIOCTOSTHHBIX M BPEMEHHBIX JUTUTEIbHBIX
HAarpy3oK;
(1/r); — XpWBHU3HA OT IPOIOJDKUTENBHOTO ACHCTBHSA MOCTOSHHBIX M BDEMEHHBIX JUTUTENbHBIX Ha-
IPYy30K;

(1/n,, — KpuBH3Ha OT TEMIIEPATYPHOI ycanKu GeToHa.
11.9 KpuBu3Ha Xene3006 TOHHBIX 3/IEMEHTOB OT NEHCTBUS HATPY3KU:

1/ = M/D, (11.6)

rae M — u3rn6aeMblit MOMEHT OT BHELUHEH HArpy3Ku (C y4eTOM MOMEHTA OT IPOAOILHOM CHIIBI N)
OTHOCUTEJIBHO OCH HOPMATBLHOM TUIOCKOCTH JeMCTBYS H3rnbaeMoro MOMEHTA U NPOXOASLIEH
yepes LIEHTP TSDKECTU [IPUBEACHHOIO IIOIIEPEYHOT0 CEYEHHS SNIEMEHTA;

D — xecTKOCTb NPUBEAECHHOTO MOMIEPEYHOTO CEYEHMUs 3IEMEHTA, orpejeisieMas 110 GopMyIe:

D=E,J,, L7

11.10 2KecTkocTb Xene300eTOHHOro 3temMenTa D 6e3 TpelliiH B paCTAHYTOM 30HE ONPEACIIIIOT 110
dopmyie (11.7), B KOTOpoit 3HAYCHHE MOLYIA KedopMaLMK GETOHA TPUHUMAIOT PABHBIM IIPU HETPO-
IOJDKMTENbHOM NeHCTBUY Harpy3KH:

E, = 0,85E,, (11.8)
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rae E,, onpenensioT no gopmyne (5.3), B Kotopoit koshduLueHT B, NpuHMMaT Mo Tabun. 5.1 B
3aBUCHMOCTH OT TEMIIEPATYPHI OETOHA B LIEHTPE TSOKESCTH IIPUBEACHHOTO CEYECHUS,

IIpu npomo/mkuTeNEHOM TeHCTBIM HATPY30K B dhopmyre (11.8) E,, samensror Ha E, , KOTOpBIi
onpenessior 1o dopmyie (5.4), npuHuMas KoabduuueHT 94, ., 10 TAOIL. 5.1 B 3aBUCMMOCTH OT TEMITE-
paTypbl 6€TOHA B IIEHTPE TSLKECTH IIPUBEIEHHOTO CEUEHMS.

11.11 MoMeHT HHEPLIMHU PUBEICHHOTO ITOIIEPEYHOIO CEYEHUS IEMEHTA OTHOCHUTENIBHO €r0 IIeH-
TPa TSOKECTU OTPENENIAIOT KaK ISt CIUIOLIHOTO Teja MO OOIINM MPaBUIAM COTIPOTUBICHHUS YIIPYIHUX
3JIEMEHTOB, C yYETOM BCE IUT0IanM ceyeHus OETOHA U [UIOLIAe CeYeHus apMaTyprl ¢ KoagduiueH-
TOM IIPUBEACHUS APMATYPHI K 6ETOHY:

J=Jd+Ia+Jg. (11.9)

HorryckaeTcs ONpenesTh MOMEHT HHEPLMH J,,, 63 yueTa apMaTypsl. MOMEHT MHEpLIK GETOHHO-
IO CEYEHHS OTHOCHUTENIBHO LIEHTPA TSDKECTH IPHUBEACHHOI'O IIOTIEPEeYHOTO CEYEHUS SIIEMEHTa;
Jog=J=bh}/12. (11.10)

MOMEHT UHEPIUH ILIOIANeH CeYeHU PaCTIHYTOM U CXATOM apMaTyphl OTHOCHTENEHO LIEHTPa
TSDKECTU IPUBEACHHOTO ITOMEPEYHOTO CEYESHUS BIIEMEHTA!

Jo=Ahy = y)% (11.11)

J =A, — a’)? (11.12)
KoadduumeHT npuBeaeHUs pacTSHYTOR U CXaToi apMaTyphl K GETOHY:
a=E/E,. (11.13)

3mecy E,, onpenensioT o aHanoruu ¢ Gopmysnoii (11.8).
PaccrosHue ot HauGosee CXaToro BOJIOKHA GETOHA 10 LIEHTPa TSDKECTH IIPMBEISHHOTO OIepey-
HOrO CEYEHHSI 3JIEMEHTA OIPEeIesIIIoT 1o hopMye:

Vs = Serea ! Arerr (11.14)

e S, ,,; — CTaTM4eCKUii MOMEHT IPUBEIEHHOTO CEYEHNUS /IEMEHTa OTHOCHTENILHO HanboJIee CXXaToro
BOJIOKHA GeTOHa, PABHEIIL:

S, g =S, S0+ 8 (11.15)
ITnowans IIPUBEICHHOIO [IOIIEPEYHOro CCUCHISI JICMCHTA paBHA:
A=A+ A+ A g, (11.16)

rae A — 1wiouanbk 6ETOHHOTO ce4eHMs, onpeaensieMas mo dopmyine (8.5) wmm (8.7), craTHyecKuit
MOMEHT KOTOPOI OTHOCHTEIbHO HaHOO0JIEE CXKATOTO BOJIOKHA GETOHA OIPEAEIIIETCS 110 (POpMYIaM:

S =A0,5h, (11.17)
S, = Ay (11.18)
S =A'a’, (11.19)

roe A, S, A’ S’;, — IUIOLIAM MOIEPEYHOIO CEYEHMA U UX CTATMYECKHE MOMEHTBI OTHOCUTEIEHO Ha-~
6oJiee CXXATOro BOJIOKHA GETOHA COOTBETCTBEHHO PACTSIHYTOM M CXATOM apMAaTyphL.

Koaddruuent npuseneHust apmaTypsl K 6eTOHY ompeaessioT o gopmyie (11.13).

11.12 XKecTkoCTb XKene306eTOHHOTO 3MEMEHTA C TPELIUHOM B PACTAHYTOM 30HE OMPEAEIAIOT C
Y4ETOM CIIEAYIOLIUX MTOTOXKCHIIIA:

- ceveHUs rmocie neOpMUPOBAHUS OCTAIOTCS TVIOCKHUMU;

- HanpsokeHUs B OETOHE B CXaTOl 30HE ONPEACISIOT KaK IS YIIPYToro 0eToHa;

- paboTy pacTAHYTOro 6€TOHA B CEYEHUH C HOPMAJIbHOM TPEILMHOM He YIUTHIBAIOT,

- paboTy pacTAHYTOro GETOHA Ha YYaCTKE MEXIY CMEXHBIMU HOPMAJIBHBIMU TPEIIMHAMM YIUTHI-
BalOT KO3 OUIMEHTOM V. .

ZKecTKOCTB Xe1€300€TOHHOT'O 3IEMEHTA Ha YYacTKe ¢ TPEUIVMHAMM B PACTSHYTOM 30HE [IPUHUMA-
10T He 6oee XKeCcTKOCTU 6e3 TPeIUH.

KecTKOCTb Xe1e306eTOHHOrO 3ieMeHTa D C TpellMHAMU B PACTAHYTOM 30HE ONpPENeIIioT 110
topmyre (11.7), B KOTOpOH MOMEHT UHepiwy J,,, IPUBENEHHOTO IIOIIEPEYHOTO CEYEHUs HIEMEHTa
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OTHOCUTEJIBHO €r0 LEHTPA TSDKECTH onpeaessior 1o dhopmyne (11.20) ¢ yueToM IIolagy Cxartoit
30HBI, ILIOINA/eli CEYEHUsT CKATON apMATYPBI ¢ KO3(QGULIMEHTOM NPUBEACHUS apMATYPEL K G6eTOHY o
¥ PaCTSTHYTO¥ apMaTyphl ¢ KO3GGUUUEHTOM IPUBEAEHUA aAPMATYPHI K GETOHY 0. ,:

Jrea = Iy + J o + Jlag,. (11.20)

11.13 MoMeHT MHEpLIMM [UIOILAAM CEeYEHMs CKaToro 6eToHa J, onpeaensior:
a) pM JEHCTBUM TONBKO U3rubarorero MoMeHTa M :
IUTs1 DJIEMEHTOB NPSIMOYTOJIbHOTO MOTIEPEYHOrO CeYEHMS:

J, = b,x3/3; (11.21)

i1 3JICMEHTOB TaBPOBOTO CO CXXATOM ITOJIKOM ¥ ABYTABPOBOTO TNOMEPEYHBIX CEYEHII C HYEBOM
NMHUEH, PaCOONOXeHHOH B pebpe HuXe CXaTolf oK (X, > A,), o dopmyne:

3 (b~ b)h? ’
AR A =b—';‘-"L+U%Ji 1+12(2—;—o,5] ; (11.22)

6) npu fgevictBum u3rnbaromero MoMeHTa M 1 IIpOIOIBHOIM CKUMAIOLIEH MM PacTArUBaIOLIEH
CcunBL NV

IUTSL 3JIEMEHTOB IIPSIMOYTOJIBHOIO [TOIIEPEYHOrO CEYEHHS 110 PopMyIIe:

_ btxrsn

J
AT

2
1+12[y“" —0,5) : (11.23)

Xin

U151 3/IeMEHTOB TAaBPOBOT'O CO CXATOH [TOJIKOW M IBYTABPOBOT'O IIOMIEPEYHBIX CEUSHHIA C HYIEBOIA
JIMHUEH, PaCTIONOXEHHO! B pedpe HUXe CXXaToM MONKH (x,, > & ’f), 110 ¢hopmyne:

3 2 bl _b h/3 2
Jb___btxm 1+12 y—c”i—O,S +(ﬁ;_’)_ﬁ 1+12 '—)’-"/—”-’——0,5 .
12 X 12 [

(11.24)

B tex cnyyasx, korna B dopmynax (11.22) u (11.24) BeicoTa cXaToli 30Hb X, < &', , TO MOMEHT
uHepuuK J, BHIMUCISTIOT o Gopmynam (11.21) u (11.23) kak st NpAMOYroibHOTO CeYEHMsT, IPUHU-
Mag b, = b’

11.14 MOMeHTB! HHEPUMH IIOINAAEH CeYeHUs] PACTAHYTOM J, ¥ CXaTol apMaTypHl J ' OTHOCH-
TEJIHO LIEHTPA TSLKECTH MPUBEICHHOTO ITOTIEPEYHOTO CeYeHUS ONPEAEIIOT O (hOpMyIaM:

I = Alhy = Y05 (11.25)
T =AY — @) (11.26)

3HayeHue y,,,, PABHOE PACCTOSIHUIO OT HauboJIee CXaTOro BONOKHA GETOHA JO LICHTPA TSLKECTH
TIPMBECHHOTO MOMEPEYHOTO CeYeHMs O3 yyeTa OeTOHa PaCTIHYTOM 30HBI, TS U3rubaeMbIX 3JIEMEHTOB
PaBHO X,, — CpPeIHeR BBICOTE CXKATOH 30HBI GETOHA, YYUTBHIBAIOIIEH BINAHUE PAGOTHI PACTIHYTOTO
GeToHA MeXny TpelIMHaMHU, onpeaensaeMoii mo dopmynam (11.27) u (11.30).

11.15 st ysru6aembix 371eMEHTOB BBICOTY CXATOI 30HHI X, ONIPEAENAIOT 1o hopmye:

S = Iy (V02 + 8k / By - ), (11.27)

roe T (e b,)h’ﬁ + oo (4 + A/ bhgy, (11.28)
Wh = (B = b + 20 (4@ + AR)] / by, (11.29)

Ecnu seiyucnensas no ¢opmysne (11.27) BricoTa cxaTolf 30HH X,, S A4, TO pacyeT IPOU3BOLAT
KaK IUIs 3JIEMEHTOB IIPSIMOYI'OJIBHOTO ITIONIEPEYHOr0 CEYEHHUs, IPUHUMAS IINPUHY CedeHUsI b = b a
mepBbIi wieHd B Gopmynax (11.28) u (11.29) pasueiM 0.

J1Jis1 371eMEHTOB IIPSIMOYTONIBHOTO CeYCHUS 6€3 CXKaToi apMaTyphl BBICOTY CXKATOM 30HKI x,, onpe-
IeJSI0T o hopMyIte:

46



CTO 36554501-006-2006

Xm = hO (V(usasl)z + 2“.;0(.?1 - usasl)’ (1 130)

e u, = A, / bhy.
11.16 3navenus k03 dULNEHTOB TIPUBEACHUA apMaTyYphl K 66TOHY NPUHMMAIOT PABHEIMU:
IUTSL CKaTOM apMaTyphl:

E
O = —; 11.31
* Eb,red,t ( )
U1 pacTSHYTOM apMaTyphl
E
Oy = ——~—. 11.32
2 WsEb,red,t ( )

3HaveHMe K03 bUIMEHTa Y UL U3TMOAEMBIX 3lIEMEHTOB SOIYCKAETCS ONPEAEHATH 10 Gopmyie
(11.33) 6e3 yuera apMaTyphI:

2
Rbt,ser,tb hf

y,=1-0,8 M

(11.33)
3HayeHue PUBEACHHOIO MOLYJIsL Aedopmariiu cxaroro 6eToHa E, ., , ONIPENENAIOT 1o dhopmye
(5.7) o TemmepaType KpaitHero CXaroro BONOKHA 6eToHa. IIpoyHOCTh GeTOHA Ha pacTSXeHue R,
onpenenstoT o hopmyne (5.2) mo TeMeparype 0eTOHa HA yPOBHE PaCTIHYTOM apMaTypEHI.
11.17 {ns sneMeHTOB MPAMOYTOILHOTO CEeYEHMS CPENHIO BEICOTY CXKATOM 30HEI X, IIPU IeH -
CTBMHU M3rubaroliero MoMeHTa M 1 npononsHoi cunbl N IOMYCKAeTCs OIPEneaTh Mo hopMyie:

t,ser,t

JogN
X, =x, +-rted—. 11.3
m ml Ared M ’ ( 4)

0py 3TOM TpuHUMaloT 0 < x, < A,

B dopmyne (11.34) x,,, BRIMMCISIOT KaK JIsl H3TMOaEeMBIX 3JIEMEHTOB IT0 dopmynam (11.27) ,
(11.28).

B dopmyne (11.34) 3HaK «IUTI0C» MPUHUMAIOT PH CXUMAIOIIEH Crie, a <MUHYC» — MPU pacTa-
rUBAIOLIEN CUJIE.

11.18 KpuBu3Hy leMeHTA PK OCTHIBAHKH OT TEMIIEPATYPHOM YCAIKU HEPABHOMEPHO HArpeTOro
6eToHa BO BpeMsI [0Xapa OIpeAessIoT 10 popMyiie:

(l/r)cs = (acsltbl - Occstb) / h’ (1135)

o1 ¥ O, — KO3bOUIMEHTE! TeMITEpaTypHOU ycaaku 6eToHa, ITPMHUMAaEMBIe 110 TabiL. 5.3 B 3aBH-
CHMOCTH OT TEMIIEpATyphl OETOHA Ooliee f,; M MEHee ?, HarpeTod IpaHu CeYeHwud,
KOTOpasi ObUIa MPU ITOXape.

11.19 ITocne noxapa nporu6 3/eMeHTa IBASETCS OHUM M3 KPUTEPUEB BOSMOXHOCTH JaIbHE -
LIeit 3KCIuTyaTaluy KOHCTPYKUUK. [Ipy AeCTBUM ITOCTOSIHHBIX M JUTUTEIbHBIX BPEMEHHBIX Harpy30K
nporu6 6aJoK, TIUT BO BeexX CIy4asx He NoJDKeH mpessimarh 1/150 nposnera u 1/75 BrUieTa KOHCOMH.

Ecnu daxTryeckue nporu6el MpeBhILIAIOT JOMYCTUMBIE 3HAYEHMSI, HO HE MIPEMSITCTBYIOT HOP-
MAJIBHOM SKCIUTYaTalluy, NOMYCKAETCS NANbHEMIIAs SKCIUTyaTaIls Xee300eTOHHBIX KOHCTPYKLIMiT Ge3
MX YCWJICHUSL.

11.20 OnpeneneHue nporuGOB Xe1e300eTOHHEIX 37IEMEHTOB Ha OCHOBE Ae(hOPMAITMOHHOM MOIEIU

rocJie noxapa npouspoauTes mo dopmyne (11.4). 3HayeHus KpuBU3HEL, Bxosue B hopmymy (11.5),
OIIPEEIISIIOT U3 PELICHUs YPaBHEHMIA KeTe300eTOHHEIX XapaKTePUCTHK B OXJIAKICHHOM COCTOSHUH C yde-
TOM BIIASTHUS TEMITEPATYPEI II0XAapa Ha MOIYJIb YIIPYTOCTH U Aechopmariiu GeTOHa COIIAcHO 1. 8.24—8.26.

Mogayne yIIpyrocTi apMaryphl IIOCIe BO3AEUCTBUS BEICOKOM TEMIIEPATyPRI ITOJTHOCTHIO BOCCTa-

HaBmuBaercsl. [locne moxapa yYMTHIBAIOT HOMOTHUTENBHBIE HAIIPSDKEHUSI CXATHsl, BOSHUKAIOLIUE B
apMartype oT pa3BuTUA Aedopmaruit ycaaku B 6eToHe. i aToro ciemyer npubaBUTh K ONpeaeasieMoi
nedopmaluy 6€TOHa CXATHIO €,, AedOPMaIIMIO YKOPOYeHMs 6ETOHA OT TEMMNEPATYPHOIl yCalKu €
MEHee HarpeToil YaCcTH CeYCHUST:

rae o
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s = Occstb’ (1 | 36)

e o, — KOI(h(ULMEHT TeMIEPATypHOH ycanku 6eToHa, IPUHUMAeMBIii [0 TabL. 5.3 B 3aBUCUMOCTU
OT #, — TEMIIEPATYPEl MEHEE HATPETOM YaCTU CEYEHMS BNIEMEHTA.
[Tpu gByX3Ha4YHOI 3MIOpe e opMaLMii 3HaYeHUe KPUBU3HBI ITO CEYEHUIO PABHO:

Eb,max

(11.37)
x

MaxcumanbHble AedopMaryy GeTOHa €, . ONPEeNSIIOT Ha OCHOBE TOJIOXEHMIt, [IPUBE/IeHHBIX B
. 8.24—8.26. ’

JLI1 3/1eMEHTOB C TPeIMHAMU B PACTIHYTOHN 30HE HAIpsDKeHME B apMarype, Nepecekarolei
TpPEIUHY, ONIPEAEIIOT 110 hopmyne:

~jr—

o, = Egg (11.38)

e €; — YCPEIHEHHAs OTHOCHTENbHAA Aeopmaliyisl paCTAHYTOM apMaTyphl B pacCMaTpUBaeMO¥ CTa-
IVY pacyera, COOTBETCTBYIONIAS IMHEHHOMY 3aKOHY pacipeneneHus: nedopMaltuit o ceye-
HHIO.

12. KoucTpykTHBHBIE TPeOOBaHHS, 00ecleuYHdBAIONINE
OrHECOXPAHHOCTD JKeJIe300eTOHHBIX KOHCTPYKIMii

12.1 Ipu XpaTKOBPEMEHHOM BEICOKOTEMITEPATYPHOM OTHEBOM BO3IEHCTBHI BO BPEMSI IIOXKApa B
GeToHe TIPOUCXOIAT (DU3UKO-XMMHYECKUE ITPOLIECCH, H3MEHSIONIME ero MexaHuyecKue cBoicrea. B
HauaJie rmoxapa, npu temmeparype 10 200 °C, npoyHocTb 6ETOHA Ha CXATUE ITPAKTUIECKU HE UBMEHS -
etcs. TIpOMCXOIUT TOMOIHNTENBHAS THAPATALKS KIMHKEPHBIX MIHEPAJIOB U IOBBITLIEHHE IPOYHOCTH
3aMOJIHUTENIEH, YTO YIIPOYHSET CTPYKTYpy OeroHa. Ecimm BraaxHocTe GeToHa BhluE 3,5 %, TO npu
OTHEBOM BO3IEHCTBUM U TeMItepatype 250 °C BO3MOXHO XpyIIKoe pa3pylueHue 6eToHa. C MOBBIIICHHEM
TeMiepaTypsl 6eToHa 1o 350 °C BciencTere BHICHIXaHUS 6ETOHA HAYMHAIOT 00pa30BhIBATHCS TPEIIMHBI
OT TeMIlepaTypHoOit ycanku 6eroHa (puc 12.1).

—
o

=
5 390 °C
g 9 =
8 pd
8 8 430°C
5 7 -
3 6 ﬂ ]
o 573 °C
g5 /7 /
ol
= 4
\3 ; 27/37/ 750 °C
3 250°g/// | 51—
Rea=

7
s U/
&= o 60 120 180 240

Bpemst craHmapTHOro moxapa, MUH

1 — mo 250 °C — B3prIBOOGPA3HOE XPYIIKOE Pa3pyLIEHUE HAPYXKHOTIO cJIod GeToHA ¢ BIaXHOCTHIO Gonee 3,5 %; 2 — ot

250—350 °C — B GeTOHE 00pa3yIoTCa, B OCHOBHOM, TPEIMHEL OT TEMIIEPATYPHO# ycanku GeToHa; 3 — mo 450 °C — B

6eToHe 06pa3yIoTCsl TPEIWHEL, IIPEMMYILECTBEHHO, OT PA3HOCTH TEMIIEPATYPHLIX AedopMaLiii HEMEHTHOTO KaMHA U

sano/HUTeNe 1 ceblile 450 °C — HapyleHHe CTPYKTYphI GeToHa us-3a aernapalinn Ca(OH),, xorna ceoGonHas H3BecTs

B 1IEMEHTHOM KaMHe TaCUTCS BJIaroil BO3yXa C yBeJanueHUeM obpeMa; 4 — cBhille 573 °C — HapyleHHe CTPYKTYPH

6eToHa M3-3a MOIMGMKALMOHHOIO NIPEBPAIlieHUs (i-KBaplia B B-KBapll B IPaHMTE, CONPOBOXKAAIOIIEIOC YBeMMIeHHEM
06beMa 3aronHuTeNs; S — cebiue 750 °C —crpykrypa 6eTOHA NOIHOCTBIO pa3pylliecHa

Pucynox 12.1 — Hapymenne CTPyKTYphl GETOHA MOCJIE BHICOKOTEMIEPATYPHOTO OTHEBOrO BO3AEHCTBUA
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IIpu BeICOKOTEMIIEPATYpHOM Bo3aeiicTBuM CBHIIIe 350 °C B CTpYKType GeToHa 00pasyloTes U
Pa3BUBAIOTCS] MUKPOTPEIIKHE] B KPUCTAJUTM3ALIMOHHON PEIIETKE [IEMEHTHOIO KaMHs. BHyTpeHHMe Ha-
IPSDKeHUS Y1 MMKPOTPELIMHEI, KOTOPBIE 00pa3yroTCs [IPY HarpeBaHUM M3-3a pasNuyis TeMITePaTyPHBIX
nedopmannii B 6€TOHE, CHIKAIOT IPOYHOCTD U ITOBBILIAIOT AethOpMATUBHOCTE OETOHA.

TTocne Harpesa 6eToHa 1o TemriepaTyps! Bellte 450 °C B OXJIaXIEHHOM COCTOSHIUK CBOGOTHAS
OKHUCbh KaJIbLUA (MU3BECTh) LIEMEHTHOIO KaMHSI TACUTCSI BJIArO BO3AyXa, IIPU 3TOM IIPOUCXOMUT 3HAYU-
TeJBbHOE YBeJIUYEHHE 00beMa MyHEpaa ¢ HapylleHUEM CTPYKTYphl 6eToHa. TeMmnepaTypHas ycamka
LIEMEHTHOT'O KaMHs TP OTHOBPEMEHHOM PacIuMpeHUU 3allOTHUTENEN HapylllaeT CBSI3M MeXIY HUMU U
pa3pbIBaeT LIEMEHTHEIA KaMeHb HA OTIE/IBHBIC YacTH.

MonudurKaLHoHHEIE IpeBpallleHYsT KPUCTALTMYECKOTOo o.-KBapLia B 3-KBapll B TpaHUTe [TPU TEM-
neparype 573 °C conpoBOXIAIOTCA 3HAYUTEIBHBIM YBETUYSHHEM 00heMa MUHEPaIA M CHIDKEHUEM [1POY-
HOCTH 3amonHuTensa. Oxraxnenvie GeToHa BOAOM NP NOXAPOTYLIEHHN BBI3BIBACT JOMIOIHUTEIHHOE
HapyLIeHUe CTPYKTYPbl B HapyXHBIX CJIOSIX O€TOHA.

ITpu temrieparype cBbilie 750 °C U3 LeMEHTHOTO KaMHS YAAISICTCS XUMUYECKHU CBSI3aHHAs BOJA,
U CTPYKTypa 6eTOHa IPOAO/DKAET HapyIaThCs M3-3a PA3HOCTH TeMIIepaTypHBIX AeopMaluil BSOKYIIIEro
U 3aTTOJTHUATENICH.

12.2 B apMarype kinaccos A240, A300, A400 u A500 nmocie Harpesa no 600 °C, knaccoB A540,
A600, A800 1 A1000 moce Harpesa mo 400 °C u kinaccos B500, Bp1200—Bp1500, K1400—K1500
nocsie Harpeea 10 300 °C mpovHOCTHBIE CBOMCTBA BOCCTAHABIUBAIOTCS.

12.3 JIng obecrieueHUA OrHECOXPAHHOCTH M PEMOHTOIIPHUTOTHOCTH XEIe300€ TOHHOM KOHCTPYK-
LM [TOCTE MoXapa Heo6X0IUMO, YTOORI paspylinamlluii cioii 6eToHa, HarpeTsiit 1o 450 °C, mocne
MoXapa He 0Ka3bIBaJi BIVSHUS Ha JATbHEHIIYIO SKCIUTYaTALMIO KOHCTPYKIIUK. DTO MOXHO 00ECIIEYNTh
paccTOsIHUEM OT OCH apMaTyphI 10 HarpeBaeMoli IpaHu.

12.4 TIpu cTaHAapTHOM mOXape IMTEBHOCThI0O 90 MUHYT PacCTOSTHUE OT OCU apMaTyphl 10
HarpeBaeMoi rpaHu 6eTOHA JOMKHO OBITh He MeHee 35 mwm, mpu 120 Muu — 45 MM, npu 150 Mmun —
55 mm, mpu 180 Mua — 60 MM.

12.5 Bo u3bexaHuie BEIIydUBaHUSA TIPOLOJIBHON apMaTyphl IIPY €€ HarpeBe BO BPeMA Ioxapa
HEO0XOAMMO MPENYCMOTPETh KOHCTPYKTUBHOE apMUPOBAHIE XOMYTaMH M ITOMEPEYHBIMU CTEPXHSAMM.

12.6 KoHCTpyupOBaHUe 3JIEMEHTOB JOXHO 00SCIEYHNTS HATPEB HEHAIIPSATAEMOM apMaTyphl BO
BpeM4 noxapa He 6onee 500 °C, npenBapuTenbHO HaNIpsDKEHHOM apMaTypHl — He Gonee 100 °C.

12.7 Ecnu dakTuyeckue mporud U pacKphITHE TPEILMH MOCTIe ITOXApa NPEBLIIAOT JOIyCTUMbIE
3HAYECHUS, HO He NIPEMSTCTBYIOT HOPMAIBHOM 3KCIUTyaTalluy 30aHUSI ¥ COOPYXEHHUS, JIOIIYCKAETCS HE
[IPEAYCMAaTPUBATh YCUICHUE KOHCTPYKUUMU JIUOO CHIKEHUE HAarpy3KH.

13. TloscueHusa K NPHIOKEHHAM

IIpunoxenue A. TeIUIOTEXHUYECKUM PaCcYETOM OIPEAEICHA TEMIIEPATYPa B IUIMTAX M CTEHAX U3
TSDKENIOro 6eTOHA INIOTHOCTHIO 2350 KI/M3, BIaXHOCTBIO 10 2,5—3,0 %, Ha CIIMKATHOM M KapGoHaT-
HOM 3aITOJIHUTEAX, a TAKKE U3 KOHCTPYKLIMOHHOTO KepaM3HTOGeTOHA IUIOTHOCTHIO 1400—1600 xr/Mm3
C BI2XHOCTBIO 10 5 %.

TeMnepaTypyvocu apmarypsl ¢, (puc. A.1—A.6) IPMHUMAIOT 110 TEMITEpaType GETOHa Ha PaccTosi-
HUU OT HArPeBaeMOIi MOBEPXHOCTU 0 OCH apMaTyphl.

ITpenen orHecTOMKOCTH O NOTEPE Hecyllleit CHOCOOHOCTH YCTAHABIIMBAIOT IT0 TOYKE Iepeceye-
HHS TOPUSOHTAIBHOM NPAMOi Ha YPOBHE KPUTUUECKON TEMIIEpaTyphl 6ETOHA £, , C KPUBOI IPOrpeBa
Cnos GeTOHA TONMUMHOK a, 0T 060rpeBacMoii MOBEPXHOCTH O OCK PACTSHYTOM apMaTypsl.

Ilpenen OrHECTORKOCT MHOTOIYCTOTHBIX U PEOPUCTBIX IUTUT C peGpaMu BBEPX CliedyeT onpene-
JISITh KaK UM CIUIOMIHBIX IUTUT ¢ Kod3dhduumentom 0,9.

Temneparypa Tsxenoro 6eToHa Ha CWIMKATHOM 3aIlOJHHUTENE B IUIMTe BhicoToi 200 MM Ha
npoGWIMPOBAaHHOM HACTWIE yKa3aHa Ha puc. A.7 u A.8.

ITpunoxenne B. TeroTexHUYECKNM PacyeTOM OMpeleIeHa TEMITEPATYpa B TAXEIOM GeTOHE ¢
CIJIMKATHBIM 3aMIOJIHUTEIIEM TUIOTHOCTBIO 2000—2400 Kr/mM> U BiAaXHOCTBIO 2—3 % NpU CTAHIAPTHOM
noxape. Temneparypy B TsSDKeIOM G€TOHe ¢ KapOOHATHBIM 3aTIOIHUTENIEM CIIEAYET ONpeaessaTh ¢ KO3(-
duuuentom 0,9 ¥ B KOHCTPYKIIMOHHOM KepaM3uToOeToHe — ¢ kKoadduuvenTom 0,85 mo 3HaYeHUIO
TeMIleparTyphbl, IIPUBENCHHONH B HOMOrPaMMax:

- IS KOJIOHH CEYECHHUEM:

200%x200 mm — puc. b.1;B.2;
300%300 MM — puc. B.3;
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400%400 mm — puc. b.4, B.5;
- 151 6aIOK CEYEHMEM:
160%320 mm — puc. B.7;
300%x600 mm — puc. b.8, B.9;
- JUIss MOHOJIMTHOTO PeGPUCTOro NEpeKphITusa ¢ Gankoil ceyeHmeM 160%X320 MM u rutMTOM
tommuuon 100 mm — puc. .10, B.11:
~300x600 MM ~200 MM — puc. B.12—B.17;
- JUIS1 IBYTaBPOBBIX 6ANIOK ¢ MIMpUHON moiku 240 MM u cteHku 80 MM — puc. B.18:
~300 mm ~120 MM — puc. B.19, B.20;
~400 MM ~120 mm — puc. B.21, B.22.

TemmepaTypy mporpeBa 6eToHa, IIPUBEICHHYIO B IMPUIOXKEHISIX A ¥ B, HCTIONB3YIOT IMpU pacyere
OTHECTOMKOCTH ¥ OTHECOXPAHHOCTH XKeIe300€TOHHBIX KOHCTPYKIINIA XIWIBIX, TPAKIAHCKUX, CIIOPTHB-
HBIX, AIMUHKUCTPATHBHBIX, IIPOMBIIUICHHBIX 30AHUIA K COOPYXXKEHM U TOHHENeH MeTpo. [l xene3o00e-
TOHHEIX KOHCTPYKIIMIA aBTONOPOXKHEIX M XeTe3HOIOPOXKHbIX TOHHENIEH, B KOTOPBIX IIEPEBO3SIT FOPIOYLe
XUIKOCTH, HOIIYCKAETCs 3HAYCHMs TEMIIEPATYPhl YMHOXATh Ha 1,1, a n1py IepeBo3Ke yrieBOTOPOIHEIX
raszoB — Ha 1,2. JIyisg CKJIaACKMX ITOMEICHUI UIST XpaHEHMUS KaydyyKa, CUHTETIYECKUX MaTepHaiOB,
Macel, JaKOB, KPacoK, CKIDKEHHOTO ra3a, OymMaru, sepHa ¥ Myku — Ha 1,25.

TeMmmeparypy GeToHa B IUIMTaX, GaIKaX M KOMOHHAX, UMEIOLIMX ITPOMEXYTOUHBIE PasMeEpPHL,
YKa3aHHBIE B MPIWIOKEHMSAX, TOIIYCKAETCS OTPEIeNIATh UHTEPIIONAIIHEH, a UMEIOMX GOIbIIe 3HAYE-
HUSL — IKCTAnosguueit. [Jis KOJOHH KPYIIOro NOMEPEeYHOIo CeUeHUT U3MEHEHUS TeMITEpaTypE! IT0
panrycy KOJIOHHBI JOIYCKAETCSI OIPENEISTh TaK Xe, KaK Y [T0 OCH CTOPOHBI KBaIPATHOM KOJIOHHEI.
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Temmneparypa nporpesa 0eTona B IUIATAX M CTEHAX
NpH OTHOCTOPOHHEM OTHEBOM BO3ACHCTBHE CTAHAAPTHOIO MOXKapa

oc h = 40 MM A = 60 MM h = 80 MM h = 100 MM h =120 MM

A A \ \ A
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JTUTeIbHOCTE CTAHAAPTHOTO IOXApa, MHH

0—120 — mry6uHa nporpeBa 6eTOHA OT HarpeBaeMoit NOBEPXHOCTH, MM

Pucynor A.1 — Temneparypa TporpeBa TskeloTo 0eTOHA HA CMIMKATHOM 3aHOJIHATENE B WIMTAX M CTEHAX
BoicoTOl cevenns 40, 60, 80, 100 u 120 MM nps OAHOCTOPOHHEM OrHEBOM BO3ZCHCTBHA

o h = 140 Mm h = 160 MM h = 180 MM k= 200 MM
A A A
800 v 20 e Z 20
/7 120 // L /’ /20 /]

700 /’ v

600 40 [ 40 —i40 4 =40

ALY / P e |/ X /] tor

ol LA LA e [JTA 1A [ Ao [[TA VT | e | L e0
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0

0 30 60 90 120150180 0 30 60 90 120150180 0 30 60 90 120 150 180

JIUTENbHOCTh CTaHOAPTHOrO TOXapa, MUH

0—200 — ry6uHa nporpeBa 6eTOHA OT HarpeBaeMoli II0BEPXHOCTH, MM

Pucynox A.2 — Temmeparypa NporpeBa TAKeIOro 0eTOHA Ha CHIMKATHOM 3aIOJHHMTENE B INIMTAX M CTEHaX
BbicoTOi cevenna 140, 160, 180 u 200 MM npn OAHOCTOPOHHEM OTHEBOM BO3JICHCTBHH
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IIpodossicerue npunoxcenus A

h =40 mm h =60 MM h = 80 MM h = 100 mm h =120 MM
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JanTenbHOCTE CTAHAAPTHOTO MoXapa, MMH

0—120 — ry6uHa nporpesa 6eToHa OT HarpeBacMoii IIOBEPXHOCTH, MM

Pucynox A.3 — Temuneparypa nporpesa Tsxejoro 0erona Ha KapboOHATHOM 3amoJHUTENE B IUIHTAX U CTEHAX
BbIcoTO# ceyenns 40, 60, 80, 100 u 120 MM npH 0AHOCTOPOHHEM OrHEBOM BO3NEHCTBUM
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LTMTeIBHOCTD CTAHAAPTHOIO [OXAapa, MUH

0—200 — riy6una nporpepa GeToHa OT HarpeBaeMol NOBEPXHOCTH, MM

Pucynox A.4 — Temneparypa mporpepa T/KeJI0oro GeToHa Ha KapGOHATHOM 3aNOJHUTENE B IUIMTAX H CTEHAX
BbICOTO# cevyenus 140, 160, 180 u 200 mm npH 0AHOCTOPOHHEM OTHEBOM BO3JEHCTBHH
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IIpodonxcenue npunoxcernus A
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JIUTenHOCTE CTaHAAPTHOrO IoXapa, MUH

0—120 — rmy6uHa nporpepa 6eToOHa OT HArpeBaeMOil TOBEPXHOCTH, MM

Pucynox A.5 — TemnepaTypa nporpesa KOHCTPYKUHOHHOIO KepaM3uTOGeTOHA B INIHTAX M CTEHAX BBICOTOM ceue-
Hus 40, 60, 80, 100 u 120 MM npH OJHOCTOPOHHEM OTHEBOM BO3XCHCTBHH
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JInUTENbHOCTh CTRHAAPTHOTO TOXapa, MMH

0—200 — my6uHa nporpesa GETOHa OT HATPeBAEMOI TOBEPXHOCTH, MM
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NPH OrHEBOM BO3ACHCTBAH

U3rudalouii MOMEHT OT HOPMATUBHOM U pacyeTHOIl Ha-
rPY30K M OT TEMIIEPATYphl B pe3yJIbTaTe OTHEBOTO BO3NL-
CTBUS;

NPORONBHAS CHJIa OT HOPMAaTUBHOM Y paC4eTHOM HArpy30kK
U OT TEMIIEPATYPHI B PE3YJIBTaTe OTHEBOTO BO3ACHCTBUA,

nornepeyHas Cijia OT HOpMaTUBHOM M pacyeTHOI Harpy3okK
M OT TeMIIEpaTyphl B PE3yJIbTaTe OTHEBOI'O BO3AECTBYS,

IUIMTEJIbHOCTB CTaHIAPTHOI'O ITOXKapa,

HOPMAaTHBHOE U paCY€THOC CONMPOTUBIICHHUA 6eTOHA CXXaTHIO;

HOPMAaTUBHOE U PaCYETHOE COMPOTUBJIEHMs GETOHA PACTI-
KEHMIO,

HOPMAaTHBHOC ¥ PaCYE€THOEC COMPOTHUBICHHUA apMaTyphI pac-
TAXKCHUIO,

pacyeTHOE CONPOTHUBIICHUE apMaTypPhI CXKATHIO,

pacyeTHOE CONPOTUBJIEHHE MOMIEPEYHOM apMAaTypPhl PacTs-
KeHMUIO;

MOZYJNB YIIPYTOCTH 6eTOHA;
Monyib aedopMaryy OeTOHa;
MOYJTb YIIPYTOCTU apMaTypHl;

K03 OUUMEHTE! YCIOBUM pabOTHl OETOHA TIPH CXATHH U
DACTSKEHUH;

K03(hDULHEHT yCI0BUM paboThl AapMAaTYPHI IIPH CXKAaTUU U
PaCTSLKEeHUU,

KpUTHYECKOe 3HaueHue KoadduriueHra ycnoBuil paboTs
DPacTIHYTOH apMaTyphl;

KO3(OGOUIMEHTE, YYUTHIBAIOLIKE U3MEHEHUSI MOIYJISH yII-
pYToCTH GETOHA U apMaTyphl;

K09 OULMEHT NON3YYeCTH CXATOro GETOHa;

K03GbOULNEHTE! TEMIIEPATyPHOI U YCaio4HOM aedopMa-
Uy 6eTOHA U TeMIIepaTypHOi AedopMaliii apMaTyphl;

TeMIiepaTypHas nedopmanus v gehopMaruy yCaaku 6eTo-
Ha;
KO3(DOUUMECHTHI TEIUIONIPOBOAHOCTH, TETUIOEMKOCTH 6€TO-

Ha ¥ apMaTyphl ¥ IIpUBeIeHHBII KO3(QOULIMEHT TeMIiepa-
TYPOIIPOBOAHOCTU OETOHA;

MpeaenbHbIe OTHOCUTENbHBIE fedopmaniy 6€ToHa IIPH oce-
BOM CXaTUH ¥ OJHOPONHOM HAIpPSCKEHHOM COCTOSTHUU U
KpaiiHero BOJIOKHA OETOHA CXaTOM 30Hb!, [IPY HEOXHOPOI~
HOM HaITPSCKEHHOM COCTOSIHUM;
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OTHOCHUTENLHBIE NeGOpMaLii apMaTypbl [IPU HATNPSTKEHMH,
paBHOM R ;

PaCcCTOSHUE MEXITY XOMYTaMM;

pacCTOSHUE OT TOUKY MPWIOKEHUS MPOAOIBHON cuibl N
JI0 paBHOIEUCTBYIOILEH YCUITUI B apMaType COOTBETCTBEH-
HO Su S

SKCUEHTPUCUTET IPONOJIBHOMN Crubl N OTHOCUTENBHO LIEHT-
pa TOKECTH MIPUBENEHHOTO CEUEHMS.

T'eoMeTpuuecKue XapaKTepUCTUKU

PacCTOSTHUE OT PAaBHOMIEICTBYIOWIEH YCWINU B apmMaType S u
S’ 1o GmKaiiieil rpaHu CeYeHMS;

IIyOUHA MporpeBa 6eToHa 0 KPUTHYECKOH TeMITEpaTyphl
tb,cr;

paboyas BhICOTa CEYCHMS IIPY HarpeBe OETOHA CXXATOo 30HEI
1O KPUTHYECKON TemIiepaTypbl OeToHa 1, 5

TeMIepaTyphl OETOHA ¥ apMaTyph;

HIMPMHA TPSIMOYTOJIBHOTO CeYeHMst, LMpUHa peGpa TaBpo-
BOT'O U ABYTaBPOBOTO CEYEHHMIt [IpU HarpeBe GeTOHa N0 KpHU-
TUYECKOU TEMITEPATYPhL;

HUIMPUHA MOJIKY TABPOBOTO U ABYTABPOBOIO CEYEHUH B CXKa-
TOM 30HE Mpy HArpeBe 6ETOHA A0 KPUTHUECKOI TEMITePaTy-
(038
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