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TeMﬂepaTypa nporpesa 6eToHa B NnUTax U cTeHax npn 0OgHOCTOPOHHEM OrHEBOM
BO3[IENCTBMU CTaHAapPTHOro noxapa

Mpunoxexune b

TemnepaTtypa nporpesa 6eToHa B KOMOHHaX, 6ankax n pebpucTbix KOHCTPYKUMNAX

MpunoxeHue B

OcHoBHble bykBEHHblE 0603HaYeHNs
Mpeaucnosne
Llenn v 3apaum pa3paboTku, a Takke UCNonb3oBaHUS CTaHAAPTOB opraHusaumin B P yctaHoBneHbl ®eaepanbHbiM 3akoHOM OT 27 aekabpsi 2002
r. Ne 184-93 «O TexHn4eckoM perynupoBaHun», a npasuna paspaboTtku n odopmneHusi - FOCT P 1.0-2004 «Ctangaptusaums B Poccuiickon
depepauun. OcHoBHble nonoxeHusi» n FOCT P 1.4-2004 «Ctangaptusauuns B Poccuiickont ®epepaummn. CtaHgapTsl opraHmsayumin. O6uwme
NOMOXEeHNA»
CBepeHusA o ctaHpapTe:
1 PaspaboTaH 1 BHeceH nabopatopueit TeMnepaTypoCTOMKOCTU U ANarHOCTUKN 6eToHa U xene3o6eToHHbIX KOHCTpykuuin HAVDKB - domvnunanom
Oryn «HAL, «CtpoutenscTBo» U rpynnow cneumnanuctoB (-p TexH. Hayk A. ®. MunoaHoB, kaHaudaThl TexH. Hayk B. B. ConomoHos, U. C.
KysHeuoBa, nux. O. . BapaHoBa).
2 PekoMeH0BaH K MPUHATUIO KOHCTPYKTOPCKON CeKUMern Hay4Ho-TexHndeckoro coBeta HAVDKB ot 13 nonsa 2006 .
3 YTBepxaeH v BBeEH B AeNCTBYE NPUKa3oM W. 0. reHepanbHoro aupekropa Py «HAL Ctpoutenscteo» ot 20 oktsi6pst 2006 r. Ne 156.
4 BSAMEH:

«MIOC 21-2.2000 «MeToauyeckme pekoMeHaaL MM No pac4eTy OrHECTOMKOCTY U OrHECOXPAHHOCTM Kene306eTOHHbIX KOHCTPYKL MY .

«Mocobus no onpeneneHuo npegenos OrHEeCTOMKOCTHU KOHCprKLlVIVI, npeanenos pacnpocTpaHeHnAa OrHAa U rpynn Bo3ropaemMocT matepuarnos» B
4YacTU Kene3o0eTOHHbIX KOHCprKLlI/II7I.

«PekoMeHaau i no 3awmTe 6ETOHHBIX U erne306eTOHHbIX KOHCTPYKLMIA OT XPYNKOro paspyLUeHns Mpu noxapey.
«PekoMeHaau M No NPOEKTUPOBAHMIO MHOTOMYCTOTHbLIX NIIUT NEPEKPLITUIA C TPebyeMbIM NpeaerioMm OrHECTONKOCTUY.
«PekoMeHaaumin No pacyeTy NpeneroB OrHECTONKOCTY BGETOHHbIX U XKENEe306eTOHHbIX KOHCTPYKLMA».

BBepeHue

CraHpgapT opraHusauum «lpasuna no obecne4eHnto OrHeCTONKOCTM N OTHECOXPAHHOCTM >ene306eTOHHbIX KOHCTPYKLU» paspaboTaH B
cooTBeTcTBUM ¢ TpeboBaHnammn CHuIM 52-01 n CH1lM 21-01, HopM MeXayHapOAHbIX OpraHn3aL M No cTaHAaPTM3aLUM U HOPMUPOBAHUIO.

OcHOBHbIMU OTNMUMAMY NonoxeHuit CTO oT pa3paboTaHHbIX paHee pekoMeHAaL Wi, UHCTPYKLMIA U NOCOBUIA SIBNSIIOTCA:
npuoputeTHocTb TpeboraHuii CH1M 52-01 n CHWIM 21-01 no cpaBHEHUIO C ApPYyriMMW HOPMAaTWUBHBIMY TpeboBaHUAMY;

NPUMEHNMOCTb NPOTUBOMOXaPHbIX TPeOOoBaHWA K 06bekTaM 3almThl Ha CTaguM NPOEKTUPOBaHUS, CTPOUTENBCTBA W SKCNIyaTauum, BKIloYas
PEKOHCTPYKLUIO N PEMOHT;

rnaeHble TpeboBaHWs k 6eTOHy 1 apmaType, K anarpammam AedopMmnpoBaHmsa BETOHa Ha CxaTue 1 apMaTypbl Ha cKaTue 1 pacTsXeHUs oT
OrHeBoro Bosaencteus npu Temnepartypax 4o 800 °C kak B HAarpeToM COCTOSIHUM BO BpeMsi noxapa, Tak U B OXNaXXaeHHOM COCTOSIHUM nocre
noxapa;

KOHCTPYKTUBHbIE TpebOoBaHWs, NoBbILLIAOLLME Npeaenbl OrTHECTONKOCTU U OTHECOXPAHHOCTY XXere306eTOHHbIX KOHCTPYKL UA;

OCHOBHbIe TPeBOBaHWSA Kk pacyeTy OrHECOXPAHHOCTH XKene306eTOHHbIX KOHCTPYKL I, NOBPEXAEHHBIX MOXapOM, C Liefblo YCTaHOBNEHUS
BO3MOXHOCTU UX AanbHEeNLIen aKkcnnyaTauum.

MpvBeaeHHblE METOABI pacyeTa NpeaenoB OFHECTOMKOCTM Y OTHECOXPAHHOCTU Xene306eTOHHbIX KOHCTPYKLMIA MO3BOMSOT yCTaHaBNIMBATb MX yxXe
npu NPOEKTNPOBaHUN B COOTBETCTBUM C Knaccudmkaumnen, npuHatTon B CHulM 21-01.

1 O6nacTb NpUMeHe HUA

Hacrosimii ctaHgapT pa3paboTaH kak JononHeHue u ytouHenne CHulM 21-01, CHulM 52-01 u pacnpocTpaHsercs Ha NPOeKTnpoBaHue,
CTPOWTENbCTBO, TeXHUYecKoe obcneaoBaHe N PEKOHCTPYKLIMIO NOCe noxapa 34aHnin n COOPYXKeHUI 13 xene3obeToHa.

[aHHbI CTaHaapT COAEPXKUT OCHOBHbIE MOMOXEHUS MO PACHETY OrHECTOMKOCTU M OTHECOXPAaHHOCTM ene306eTOHHbIX KOHCTPYKU M. OH aaeT
BO3MOXHOCTb Ha CTaAuu NPOEKTUPOBAHNS OLLEHWUTb Npeaenbl OrHECTONKOCTU xene306eTOHHbIX KOHCTPYKLMIA, NPOBEPUTL UX COOTBETCTBUE
TpeboBaHusM CHWIM 21-01 1 ycTaHOBUTL OrHECOXPAHHOCTb Xene306eTOHHbIX KOHCTPYKL WA nocne noxapa. B ocHoBy cTaHaapTa nonoxeHsbl
3KCMepuMeHTarbHble U TEOPETUYECKME NCCreaoBaHus, BoinonHeHHble HAVDKB, MY BHUAWUIMO, MITCY, CICY, a Takke maTepuansi
MeXayHapoHbIx opraHusauuii: EBponeiickoro komuteta no ctaHgapty (CEN), MexayHapoaHoro coseta no ctpoutensctay ( CIB),
MexxayHapoaHow opraHusauum no ctaHgaptusauum (ISO), MexxgyHapogHoro coseta nabopaTopuii MO UCMbITaHWIO CTPOUTENbHBIX MaTepuanos 1
koHcTpykuui (RILEM), MexxgyHapoaHow degepaumm no KOHCTpYKTUBHOMY 6eToHy ( FIB).

2 HopmaTMBHbIE CCbIIIKU

B HacTosLwweM cTaHgapTe MCNonb30BaHbl CCbINKM Ha credyloLyie HopMaTUBHbIE JOKYMEHTbI:

CHwuIM2.01.07-85* Harpysku 1 Bo3gencTBust

CHwuIM 21-01-97* MoxapHas 6e30nacHOCTb 30aHUA U COOPYXKEHUN

CHuIM 52-01-2003 BeToHHbIE 1 ene306eToHHbIE KOHCTPYKLIUK

ClM52-101-2003 BeToHHbIe 1 xene306eToHHbIE KOHCTPYKL MK 6e3 NpeaBapuUTENbHOIO HanpsXXeHns apmaTypbl



CIN52-102-2004 NpeasapuTENbHO HaNpsiKeHHbIE Xene3006eTOHHbIE KOHCTPYKUUK VIHCTPYKLMS Mo pacyeTy hakTuyeckux npeaenos
OTHECTOWKOCTM Xerne300eTOHHbIX KOHCTPYKL M HA OCHOBE HOBbIX TpeboBaHuii CHul

MOCT 12.1.033-81 CCBT. lMNoxapHas 6e3onacHocTb. TepMUHbI U onpeaeneHuns

FOCT 30247.1-94 KoHcTpyKumu cTpoutenbHble. MeToabl UCMbITaHUA Ha OFTHECTOMKOCTb. Hecylume n orpaxaaroLime KOHCTPYKL MK
FOCT 30403-96 KoHcTpykuum cTpouTenbHble. MeTon onpeaeneHusi NoXxapHowm onacHocTu

CT C3B 383-87 lNoxxapHas 6e30nacHOCTb B CTPOUTENBCTBE. TEPMUHBI U ONpeaeneHus

HIMB 233-96 3paHusa n dparmeHTbl 30aHnii. MeToa HaTypHbIX OrHEBbIX UCTbITaHUA. ObLwme TpeboBaHus

MICH 4.19-2005 BpemeHHble HOpMbI 1 NpaBuna NPOEeKTMPOBaHNA MHOMOMYHKLMOHAMbHbBIX BbICOTHBIX 30aHUMA U 30aHUA KOMMIEKCOB B ropoae
Mockse

MICH 4.04-94 MHorodpyHKLMOHarbHbIE 30aHWS U KOMIMIEKChI

TCH 102-00 Xene3o06eToHHbIE KOHCTPYKL UK € apmaTypoii knaccoB A500C n A400C
EN 1992-1-2 Structural Fire Design

3 TepMuHbI M onpeaeneHus

B HacTosLwwem cTaHgapTe, 3a UCKIIOYEHNEM CneLnanbHO OrOBOPEHHbIX CryYaeB, NPUHATLI TEPMUHBI U onpeaeneHns, npueeaeHHsle B CT COB
383 n rOCT 12.1.033.

4 O6wue TpeboBaHuA

4.1 CornacHo CH1IM21-01 cTponTenbHble KOHCTPYKLUY XapakTepuayroTCa OrHECTOMKOCTbIO.

Moka3aTenem OrHeCTOMKOCTU ABMSAETCA Npeaen orHecTonkocTu. [Npeaen orHeCToMKOCTU CTPOUTENbHBIX KOHCTPYKLMIA YCTaHaBNMBaEeTCA No
BpeMeH B MUHYTax HacTynnieHna ogHoro nnu nocnenoBatenbHO HECKONbKUX, HOPMUpYyeMbIX ANnA ﬂaHHOVI KOHCTPYKL NN, NPU3HAKOB npeaerbHbIX
COCTOSIHUN:

- NoTepu Hecyllen cnocobHocTn R,

- NOTepW TENNOU30NUPYIOLLEW CNOCOBHOCTH  ;

- noTepu LenoctHoctn E.

Mpenenbl OrHECTONKOCTW CTPOUTENBHBIX KOHCTPYKLMIA 1 UX YCINOBHbIE 0603HaYeHns yctanasnmeatoT no FOCT 30247.1.

4.2 30aHuis U COOPYXKEHMS!, a Takke X 4YacTu, BblaeNeHHbIe NPOTMBONOXAPHLIMU CTEHAMW U NEPEKPLITUSIMU (NOXAPHbIE OTCEKN),
noapasgensioTcs No CTeneHsAM orHecTonkoctu (tabn. 4.1).

K HecywM anemeHTam 30aHuUsi Ny COOPY>KEHNst OTHOCATCS KOHCTPYKUUK, obecnevnsatoLme ero obLLyto yCTONYMBOCTb Y FTEOMETPUYECKYHD
HEN3MEHAEMOCTb: HECYLLME CTEHbI, KONIOHHBI, Banku nepekpbITuiA, purenn, gepmbl, pambl, apku, cBs3uv, aguadparmel xectkoctu u T.0. K npegeny
OTMHECTOWMKOCTM HECYLLMX ANIEMEHTOB 3[aHWs, BbIMOSHAIOLLMX OAHOBPEMEHHO (OYHKL MU OrpaxkaatoLLMX KOHCTPYKLMIA, Hanpumep K HeCyLLmMm
cTeHaM, NOMMMO Mnpejerna OrHeCTOMKOCTU NO HecyLLel cnocobHOCTU R, AOIMKHbI NPEabABNSATLCA AONONHUTENbHbIE TpeboBaHUs No noTepe
n3onupytoLlein cnocobHocTn | n noTepe LenocTHocTH E.

TaGnuua 4.1
Mpenen orHeCTOMKOCTM Xene3obeTOHHbIX CTPOUTENbHbBIX KOHCTPYKL WA, MUH, HE MeHee
OnemeHTbI becyepaayHbIx
CTeH?Hb Hecyume HapyxHble MepekpbITuA MOKPBITI JleCTHUYHbIE KNeTKn
OrHECTOWMKOCTH MexayaTaxHble (B TOM
ANEMEHThI HeHecyLe HacTUnbl, NUTLI (B epMbl, MapLum 1
30aHus yucne YepdadHble U Hag BHYTPEHHWE
30aHus CTeHbl TOM uuncne ¢ 6anku, nnoLiagku
nopsanamu) CTEHbI
yTennutenem) NPOroHbI necTHu,

R 180" R 180" R 180"
Ocobas E 60 REI 120** R 180* R 60

E 60™* El120** El180
| R 120 E 30 REI 60 RE 30 R 30 REI120 R 60
I R 90 E15 REI 45 RE 15 R 15 REI 90 R 60
I R 45 E15 REI 45 RE 15 R15 REI 60 R 45

* Ina 3gaHui BeicoTor 6onee 100 M Npeaen OrHeCTOMKOCTK, Kak NpaBumo, yctaHaenueaetca R 240.

** inst 3gaHmn BeicoTon MeHee 100 M Npeaen orHecTonkocTu yctaHaesnmeaercs RE/ 180, EI 180.

*** Npenen orHecTomnkocTu E 60 ycTaHaBNMBaeTCH TOMNbKO ANS HAPYXKHbIX CTEH.

30aHns 1 COOPYXKEHMS! C HECYLLMMU KOHCTPYKLUSIMU 13 xene3o6eToHa NoapasaensioT no cTeneHn orHecToMKOCTU:

- ocobasi - MHOrohyHKL MOHarbHbIE, BEICOTHbIE 30aHUS U 30aHUS-KOMMIEKChI;

- | cTeneHb - orpaxgatoLme KOHCTPYKL UK BbINOSHEHbI U3 )ene306eToHa U NPUMEHSITCS NUCTOBbIE U NAUTHBIE HErOptoYMe MaTepuarbl;

- Il cTeneHb - NOKPbLITUS BbINOMHEHbI M3 CTanbHbIX KOHCTPYKLWiA;

- lll cTeneHb - NpUMEHEHbI NEePEKPLITUS AePEBSHHbIE, 3aLUMLLEHHbIE LUITYKATYPKON UM HETOPIOYUM IMCTOBLIM, MUTHBLIM MaTepuanoM, a Takke
NSt 30aHUIA KapKacHOro TUNa C areMeHTamu Kapkaca U3 cTaslbHbIX KOHCTPYKLUIA U C OrpaXaatoLLyMmn KOHCTPYKLUSIMU M3 NPOGUIIMPOBAHHBIX

JIMCTOB 1IN Apyrnx Heropro4nx Mmatepumanos Co cna6orop}oq|/|M yrennutenem rpynnbl r.

4.3 lMNpepen orHeCTONKOCTY NPOTUBOMOXaPHbIX Nperpaza (CTeHbl U NEPEKPLITUS) ANa 30aHUn 0cobol CTeNneHn OrHECTONKOCTY ycTaHaenmeaT  RE/
180; npu BeicoTe 3aaHusa 6onee 100 m - REI 240; gna 3ganui |, Il v Il ctTeneHen orHecTonkocTun - REI 150.

4.4 3a npegen OTHECTOWKOCTM Xerne300eTOHHbIX KOHCprKLI,VII7I NPUHUMAIOT BpeMA B MUHYTaxX OT Ha4vara OorHeBoro CtaHgapTHOro BO34eNCTBUA 0
BO3HWKHOBEHWUS OAHOTO M3 npeaenbHbIX COCTOAHWUIA NO OrHECTONKOCTM:



- N0 NoTepe Hecyllel cnocoBHOCT R KOHCTPYKL MK 1 Y3rioB (0GpyLIEHWE UMM HeOMYCTUMBbIA NPOrMG B 3aBUCUMOCTU OT TUNA KOHCTPYKLUIA);

- M0 TENMOM3onupyoLLEe cnocobHoCcTM [ - NoBbILLEHWE CpeaHen TeMnepaTypbl Ha HeoborpeBaemol noesepxHocTn Ao 160°C unu B nobon apyromn
TOuKe aTou noBepxHocTu o 180°C no cpaBHEHUIO C TeMMNepaTypon KOHCTPYKL MK A0 Harpesa, unn nporpes Ao 220°C He3aBUCUMO OT
TemnepaTypbl KOHCTPYKL MK Ao orHesoro Bo3aencTeus (FTOCT 30247.1);

- Mo uenocTtHoctn E - o6pasoBaHV|e B KOHCTPYKU WU CKBO3HbIX TPELUMH UITN CKBO3HbIX OTBepCTMVI, Yepes KOTopble MPOHUKAKT NPOAYKTbl rOpeHusA
nunn nnam4.

[ns Hecywmx xene3o6eToHHbIX KOHCTPYKL WA (6arikv, NPOroHbl, PUrenu, KONoHHbI) NpeaenbHbBIM COCTOSIHUEM MO OFHECTOMKOCTM SIBMSIETCS NoTepst
HecyLeln cnocobHOCTU KOHCTPYKUun R.

B ene306eTOHHbIX KOHCTPYKLIMAX, B KOTOPbIX HABMoAaeTCst Xpyrkoe paspyLleHme Nno CKaToMy 6ETOHY (KOSOHHbI C MaribIM 3KCLLEeHTPUCUTETOM,
narmbaemble nepeapMmpoBaHHbLIE 3NEeMEHTbI), 3a NOTEPIo HeCyLLEN CnocoBHOCTU NPUHUMAETCS MOSHOe paspyLUEHNe KOHCTPYKLUM BO BpEMS
noxapa.

MN3arnbaemble, BHELLEHTPEHHO CXaTble U pacTsAHyTble C BOMbLUMM SKCLLEHTPUCUTETOM 3NIEMEHTLI XapakTepu3yrTCs pa3suTMeM 6ornbLUnX
HeobpaTumbIx Aecdopmauuii apmaTypbl U 6ETOHA, 1 3a NOTEPIO HECYLLEN CNOCOBHOCTU NPUHMMAaETCS pasBuTMe Npormba elle A0 TOro, Kak
HacCTynuT NOSHOEe paspyLUeHUe.

4.5 PacyeT npepgena orHeCTONKOCTY Xerne306eTOHHOM KOHCTPYKL MM MO NoTepe HecyLlen cnocobHOCTN R COCTOUT U3 TENMOTEXHUYECKON U
CTaTUYeCcKom YacTen.

TennoTexHUYeckuii pacyeT JOMmKeH 0becneyunTb BpeMsi Npeaena orHeCTOMKOCTH, MO UCTEYEHMM KOTOPOro apMaTypa HarpeBaeTcsl 4o
KpUTUYECKOV TeMnepaTypbl UK cevyeHne GETOHA KOHCTPYKLLMKM COKpaLLaeTCsl A0 NPeAenbHOro 3Ha4YEHNs Npu BO3OENCTBUM HA HEe CTaHOapTHOTo
TEeMNepaTypHOro pexumMa.

CraTtunyeckunii pacyeT AomKkeH 0becneunTb 3aLlumTy XKene3obeToHHON KOHCTPYKL MK OT paspyLLEHUs, a Taikke OT NoTepu YCTOWYNBOCTM NpU
COBMECTHOM BO3AEMCTBMN HOPMATMBHOW HArpy3kv 1 CTaHO4apTHOrO TemMnepaTypHOro pexuma.

4.6 MNMpenen orHecTONKOCTY >erne3006eTOHHON KOHCTPYKL MM MO TENSON30MMPYHOLLER CNOCOBHOCTM | AoMmkeH ObiTb 0GecnedeH TennoTexXHNYeckum
pacuyeToM. HaliaeHHble 3HaYeHns TemnepaTypbl Ha HeoborpeBaeMol NOBEPXHOCTU AOMKHbI ObITb MeHee nNpeaensHO AoNYCTMMON TemnepaTypbl
HarpeBa (cMm. n. 4.4).

4.7 MNpenen orHeCcTONKOCTY MO LLENOCTHOCTM E (0Gpa3oBaHme CKBO3HbLIX OTBEPCTUIA UMM CKBO3HbBIX TPELLMH) BO3HUKAET B XKEeNne300eTOHHbIX
KOHCTPYKUUSIX U3 Tsxxenoro 6eToHa ¢ BnaxHocTbio 6onee 3,5 % v u3 nerkoro 6eToHa ¢ BnaxHocTbio 6onee 5,0 % u nnotHocTbio 6onee 1200 kr/

M3, a Taloke B NMTax, CTEHaX U CTEHKax [BYTaBpOBbIX 6anok Npu ABYCTOPOHHEM HarpeBe GeToHa B PACYETHOM CEYEHWM Bbille ero KpUTUYECKO
TemnepaTypsbl.

MoTepst LENOCTHOCTM NpU XPYNKOM paspyLUeHUU GeToHa Pe3ko CHUXKAET Npeaern OrHeCTOMKOCTU KeNe306eTOHHON KOHCTPYKLUWU, MO3TOMY
Lenecoo6pasHo NPUMEHSATb GETOHBI C OrpaHMYeHNEM pacxoaa LieMeHTa, HU3kuM B/L u ¢ Gonee HU3kUM Ko3ahULUEHTOM TeMNepPaTypHOro
pacLUMpeHVs 3arnoNHUTENS.

4.8 VcnbiTaHusiMy BbINo YCTaHOBIIEHO, YTO Pa3pyLLUEHNS Xene306eTOHHbIX KOHCTPYKLMIA NPU OTHEBOM BbICOKOTEMMNEPATYPHOM Harpeee
NpomMCXoaaT Mo TEM e CXemaM, YTO U Npu HopMmarnbHoW Temnepatype. MoaToMy Ans pacyeTa npeaena orHeCTOMKOCTY MO NoTepe HecyLuein
CMOCOGHOCTY KeNe306eTOHHOW KOHCTPYKL MM UCTIONb3YIOT TE Xe ypaBHEHUs! paBHOBECUS U AedopMaLinm, U3 KOTOPbIX BEIBOAAT hopMyribl Ans
CTaTU4ecKoro pacyeta.

CraTnyeckuii pacyeTt npeaena orHecTOMKOCTU Mo NoTepe HecyLUen CNoCOBHOCTHN OCHOBBLIBAKOT Ha OBLLMX TPeboBaHMSAX pacyeTa xene3obeToHHbIX
KOHCTPYKLUIA NO NpeAenbHbIM COCTOSTHUSIM NepPBON rpynnbl B cooTeeTcTBUKN co CHWIM52-01 , CIM52-101, npy HOpMaTUBHbIX Harpy3kax u
HOPMaTUBHbIX CONPOTUBMNEHNAX BETOHA 1 apMaTypbl NPW OrHEBOM BO3AEWCTBUM, U C YYETOM AOMONMHUTENbHbIX YKa3aHWI, N3MNOXEHHbIX B
HacTosileM cTaHaapTe.

4.9 3a HOpMaTUBHYIO Harpysky NPUHMMalOT HEMPOAOIMKMTENbHOE AENCTBME NOCTOSIHHBIX U BPEMEHHbIX ANUTENbHbIX HAarpy3okK ¢ koadduMeHToM
HagexHocTun no Harpyske yf= 1 (CH1lM2.01.07), koTopble CyLUEeCTBEHHO BNMSOT Ha HaMpsHKeHHOE COCTOSIHWUE Xerne3o0eTOHHOM KOHCTPYKLUK npu
noxape. B Tex cnyyasx, korga Henb3s YyCTaHOBUTL 3Ha4YeHWe yCUnuin OT HOPMaTUBHOW Harpysku, paspeLlaeTcsa npuHumMaTh ux pasHbiMu 0,7 oT
pacyeTHbIX. PacyeTHas cxema NpunoxeHWs HOPMaTMBHOWM Harpyskv AOMMKHA COOTBETCTBOBATL MPOEKTY.

4.10 Hecywas cnocobHOCTb »xene306eTOHHbIX KOHCTPYKLUIA MPU OTHEBOM BO3OEMCTBUM 3aBUCUT OT M3MEHEHWS CBOMCTB 6eToHa 1 apMaTyphbl C
pocToM TemnepaTtypbl. Bo MHOrMX cnyyasix npu onpegeneHnmn npeaena orHeCTOMKOCTY BbIMUCTISIIOT YCUIMe, KOTOPOe MOXET BOCTIPUHATL CeYeHne
anemMeHTa npu TpebyemoM npepgene orHecTonkocTn. Ecnu aTo ycunue pasHo nnm 6onblue pacyeTHOro, To Tpebyemblii npeaen orHeCcToMKOCTH
obecneyeH.

PelueHune cTaTuyeckol 3agaym no oL eHKe OrHeCTOMKOCTM MHOMAA CBOAMTCSH K onpeaeneHno 3HaveHua KpI/ITVILIeCKOVI TeMmnepaTtypbl Harpeea
paCTHHyTOVI apMaTypbl, NOCKOJIbKY OHa HE 3aBUCUT OT pe3yJibTaToB TennoTexHN4ecKon 3agayn.

PelueHve TennoTexHn4eckomn 3agauu BbIMONHMMO NULLb Ans KOHKPETHbIX MPOMEXYTKOB BpEMEHU C Ha4aa Harpesa. l'IoaTomy HaxoxaeHune
yCJ'IOBVIVI npenenbHoOro CoOCToAHue CTpouTCca Ha npuHUUne nocriegoBaTerbHbIX I'IpVI6.I'IVI)KeHVIl7I OnA 3apaHee N3BeCTHbIX NPOMEXXYTKOB BpEMEHN. B
utore npenen OrHEeCTOMKOCTH onpegenaerca nm6o Fpad)VIHeCKVI, nmMbo aHaNUTUYECKN B pesynbtaTte peLLleHVIVI ypaBHeHvu7| npeaenbHoro
COCTOAHUA.

BbluncneHHble npegenol OrHECTOWKOCTM XKerne300eTOHHbIX KOHCprKLl,VIVI OOIDKHbI ObITh HE MEeHee Tpe6yeMb|x 3HaYeHuN.

4.11 TMpu NPOEKTUPOBaHUM MHOTOMYHKL MOHATbHbIX BBICOTHBIX 30aHWIA, KOMMIEKCOB Y COOPYXXEHWI, OTHOCALLMXCA K MEPBOMY OTBETCTBEHHOMY
YPOBHIO HA[IEXXHOCTM, OTKa3bl KOTOPbLIX NOCME NoXapa MOryT NPUBECTU K TSXENbIM S3KOHOMUYECKUM U SKONOMMYECKUM NOCNEeACTBUSAM, a Takke Tex
KOHCTPYKLUA, BOCCTAHOBIIEHNE KOTOPbIX MOTPebyeT 60nbLUMX TEXHNYECKUX CIIOXHOCTEW 1 3aTpaT, HeobxoaMmMo obecneumTb X OTHECOXPaHHOCTb
nocne noxapa.

3a OrHeCcoXpaHHOCTb XKeNe306eTOHHOM KOHCTPYKL MU MPUHUMAIOT Takoe ee COCTOsIHME, MPY KOTOPOM OCTaTOYHast MPOYHOCTL UMM HeoBpaTuMble
Aedopmanum obecnedmsaloT HagexHyo paGoTy nocrne CTaHAapTHOrO noxapa. Pacyer orHecoxpaHHOCTY Xerne3o06eTOHHOM KOHCTPYKL MK nocrne
noxapa BedeTcsl Npy PacHeTHbIX Harpy3kax 1 pacyeTHbIX CONPOTUBNEHUSIX 6ETOHA 1 apMaTypbl NOCHe OrHEeBOro BO3AENCTBMS.

4.12 lMNMpepen orHeCToMKOCTM ene3obeTOHHOM KOHCTPYKLUM HacTynaet npu nporpese paboyert apmaTypbl B KOHCTPYKLUUW [0 KPUTUYECKON
TemnepaTypbl, @ Takke Npu Harpeee 6eTOHa B paCYETHOM CEYEHWU BbILLIE €r0 KPUTUYECKON TemnepaTypbl.

Kputuueckas Temnepatypa ans Tspkenoro 6etoHa Ha cunukaTHOM 3anonHuTene coctaensieT 500 °C, Ha kapboHaTHOM 3anonHuTene - 600 °C un
ANA KOHCTPYKLMOHHOTO KepamauTobeToHa — 600 °C. Kputuueckas Temnepatypa Harpesa apMaTtyphbl ts cr XapakrepusyeT ctaauio obpasosaHus

nnactmnyeckoro wapHupa B paCTﬂHyTOIZ 30HE Kene3006eTOHHbIX KOHCprKLJ,VIVI 1 HactynneHne npenena OrHECTOMKOCTH npu orHeesom BO34EMNCTBUMN.



Kputnueckas TemnepaTtypa Harpesa apmartypel  tg cr, NpW KOTOPO 06pasyeTcs NNacTUYeckuii LWapHUp 1 HacTynaeT npeaen OrHecToNkocTH,
OPUEHTMPOBOYHO paBHa ANl apMaTypbl knacca:

A240, A300 - 510 °C,

A400 - 550 °C,

A500, A540 - 520 °C,

B500 - 430 °C,

Bp1200 - Bp1500, K1400 1 K1500 - 410 °C.

4.13 PacyeT OrHeCTOMKOCTU 1 OrHECOXPAHHOCTN PEKOMEHAYETCS MPOU3BOAUTL MO NPUBEAEHHOMY CEHEHMIO, KOAAa CeveHre areMeHTa
pa3buBaeTcs Ha Marble XapakTepHble y4acTKu, HarpeTble 40 PasnuyHbIX TeMMnepaTyp, ¥ Kaxablid Manblii yHacToK NPUBOAUTCSA K HEHarpeTomy

BETOHY C YHETOM COOTBETCTBYHLLMX NMOHMXAIOLLMX XapaKTePUCTUK NPOYHOCTH BeToHa. Mpn 3ToOM pacyeTHas nnowaab NPUBEAEHHOTO CeYeHUs
6€eTOHa MOXET OrpaHN4MBaTLCA M30TEPMOII KPUTUHECKUX TeMNepaTyp Harpesa 6eToHa tp cr.

5 CBoicTBa 6eToHa M apMaTypbl NIPY OrHe BOM BO3AeCTBUU U NOCIe Hero
BeToH

5.1 HopmatueHble Rpp 1 pacdeTHble Rp, Rp ser COMpoTUBNeHns 6eToHa 0CeBOMY CKaTWio (MPUSMEHHas MPOYHOCTL) M PaCTsKeHUO  Rpin, Rpt
1 Rpt, ser, Ha4anbHbIA MOAYIb yNpyroctn Ep n mogynb aedopmaumy 6eToHa npu oxatum Epr criesyet npuHMMaTh Mo AeViCTBYOLMM
HOPMaTMBHbBIM AOKYMEHTaM.

anI noxape enesobeToHHble KOHCTPYKL U B HArpy>eHHOM COCTOAHUWN NoAaBepraroTcAa BbICOKOTEMNepaTypHOMY OrHEBOMY BO3AEVICTBUIO,

KOTOpOe N3MeHsieT cBoicTBa 6eToHa. IsMeHeHre HOpMaTMBHOIO 1 PACYETHOTO CONPOTMBIIEHNI BETOHA Ha 0CeBOe CxXaTue C yBenuyeHnem
TemnepaTypbl yUUTbIBAETCSH KOIPMULMEHTOM yCroBuii paboTbl 6eToHa yp¢:

Rbnt = RbnYbt; Rb,tem = Rb,temVbt: Rb,ser,t = Rb,servbt- (5.1)
3HaueHune koadpcmLmeHTa ycnosust paboTbl ypt NPMHUMAIOT MO cpeaHel TemnepaTtype 6eToHa npu pacyete no opmynam:
cxaTton 30HbI - (8.9, 8.10, 8.24 - 8.26, 8.39, 8.40);
cxarton nonku - (8.15, 8.16, 8.17);
cxaroro pebpa - (8.16, 8.17);
nonepeyHoro cedeHus - (8.22, 8.56);
no TemnepaType KpawHero BonokHa - (5.6, 5.7);
no TemnepaType B 30HE aHKEPOBKU - (8.14).

3HaueHue koadhduLmeHTa ycnosuii paboTbl 6ETOHA Ha CxaTue Ypt paspeLlaeTcs NpUHMMaTh paBHbIM eanHuue ( ypt = 1) Npu Harpese G6eToHa J0
KpuTHyeckoi Temnepatypsbl (N. 4.12) n ypt = 0 npun Harpese GeTOHA BbILLE KPUTUYECKON TemnepaTypbl.

Mpy pacyeTe OrHeCTONKOCTM U OFHECOXPAHHOCTM NO AeOpPMaLMOHHON MOLENN U C MOMOLLBIO KOMMbIOTEPHBLIX NPOrpaMM HeobXoauMo
yunThIBaTh U3MeHeHNe koadhdpmumeHTa ycnosuii paboTel 6ETOHA ypt HA BCEM AManasoHe TemnepaTtyp Harpesa beToHa.

Mpu aTOM pacyeT BedeTcs MO reOMeTPUYECKoMy ceveHuto 6eToHa. 3HadeHus koaddmumeHTa ycnosuin paboTebl 6eToHa Ha cxaTne  ypt
npuHMMatoT no Tabn. 5.1 B 3aBUCUMOCTM OT TemnepaTypbl 6eToHa.

5.2 HopmatusHble Rptn 1 pacyeTHble Rpt U Rpt, ser CONMPOTUBIIEHNA GETOHA PacTSKEHMIO MY OrHEBOM BO3AENCTBUM TakKe N3MEHSAIOTCA.

M3meHeHWe conpoTuBIEHWI BETOHA PACTSXKEHMIO C YBENMUYEHVEM TEMMEPATYPbI HArPEBA YUMTLIBAIOT KOAPMLNEHTOM YyCroBuiA paboTbl GeToHa
Ha pacTshKeHue yptt

Rbtnt = Rotnybtt; Rbtt = Rbtybtt; Rbt ser,t = Rbt,servbit (5.2)

Mpu pacyete Ha nonepeyHyto cuny (popmyrnbl 8.58, 8.62, 8.64) 3HaveHUs koadhdULMEHTA Ypit TPUHMMAIOT MO CpeaHeln TeMmnepaTtype 6eToHa
CeYeHUst; MpY pacyeTe yCUnns B 30He aHKepoBky (8.14) - no TemnepaTtype aHKepyOLLEro CTEPXKHS apMaTypbl. 3HaueHust koadbduuneHTa yit
npuxumatoT: npu 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.

Tabnuua 5.1
3HaveHne koadhrLMEHTOB ypt, Bp U @p cr ANt BeToHa npu Temnepatype,°C
B Ki ’
¥A Gerona O3BPALMEHT 55 200 300 400 500 600 700 800
1.0 0.98 0.95 0.85 0.80 0.60 0.20 0.10
Ybt
TSOKENbIN, HA CUIMKATHOM 3arosIHUTENe 1,0 095 0,90 0,80 0,70 0,50 - -
Bp 1,0 0,70 0,50 0,40 0,30 0,20 0,10 0,05
@b,cr 15 30 57 90 130 190 . -
1.0 1.0 0.95 0.90 0.85 0.65 0.30 0.15
Ybt
TsoKerblit Ha kKapBOHATHOM 3anomnHUTENe 1,0 095 0,90 0,85 0,80 0,60 - -
Bp 1,0 0,75 0,55 0,45 0,35 0,25 0,15 0,10
b, cr 12 24 46 72 100 150 - -
1.0 1.0 1.0 0.95 0.85 0.70 0.50 0.25
Ybt
KOHCTPYKLIMOHHbI KepamM3uToGeTOoH 1,0 1,0 1,0 1,0 0,95 0,80 - -
Bb 1,0 0,85 0,80 0,70 0,60 0,45 0,30 0,15
b, cr 0,7 3,2 5,9 9,2 13,5 20,0 - -

MpumevaHus



1 3HaueHWs1 KO3ULIMEHTOB Ypt HAZ YePTOM U Bp AaHbI B HArPETOM COCTOSIHUM, Y OHU UCTIONb3YIOTCA NPU pacyeTe OrHECTOMKOCTU.

2 3HaueHNs Ko3thULIMEHTOB Ypt NOA YEPTON N @p cr AAHBI NOCIE HarpeBa B OXNaXAeHHOM COCTOSIHUM, U OHU UCTIOMNbL3YIOTCS NpY pacyeTe
OrHEeCOXPaHHOCTU.

5.3 Temnepatypy GeToHa onpefensioT TeNNoTEXHAYECKUM pacyeToM (cM. pasden 6) unu no npunoxeHusiM A n b. CpegHioto TemnepaTypy
GeToHa CKaToM 30HbI thm, PacnonoXeHHO y HarpeBaeMoli rpaHy ceveHusl, AonyckaeTcsl NPUHUMAaTh:

-npu x< {Rho - no TemnepaTtype 6eToHa, Ha pacctosiHum 0,2 hg v ans nnut 0,1hQ OT CKaTON rPaHu ceveHus:;
-npu x> {Rhown x=hg - Ha paccTtoaHun 0,5 x OT CxaToN rpaHn CeveHns.

CpegHioto TemnepaTypy 6eToHa CcKaTow 30HbI Yy HEHarpeBaeMmow rpaHy cedeHus 6anku npyuHumaroT no puc. 5.1.

5.4 MNpu pacyeTe OrHeCTONKOCTU U3MEHEHME 3HAYEHUSI HAaYarlbHOTO MOAYNs YNPYroCcTU NPW HEMPOAOIMKUTENBHOM OTHEBOM BO3AEUCTBUN C
yBenuMYeHneM TemnepaTypbl y4uTbIBaOT kKoadduLmeHTom Bp:

Ebt = EbBb (5.3)
3HaueHue koapcmumeHTa Bp npvHUMatoT no Tabn. 5.1 B 3aBMCMMOCTM OT TeMrepaTypbl 6eTOHa Npu pacyeTe no opmynam:
- B LLEHTpE TSHKECTU NpuBEAEHHOro ceveHmst - (8.11, 8.13);
- I-ro ceveHus - (8.45, 8.48, 8.53 - 8.55);

- KpaiHero cxartoro BonokHa - (5.5, 11.31, 11.32).

PucyHok 5.1 - CpegHsis Temnepatypa 6eToHa CcxaTol 30HbI (Y HEHarpeBaeMol CTOpoHbI) B 6arnke, o6orpeBaemoli ¢ Tpex Apyrux CTOPOH, Npwu
OnuTenbHOCTM cTaHdapTHoro noxapa no CO 834 ot 30 go 240 muH

5.5. lNpy pacyeTe orHecoxpaHHOCTU 1 NPOACIKUTENBHOM AENCTBUN HArpy3kv 3Ha4YeHUs HavanbHOro Moadyns aedopmavmin 6eToHa onpeaensoT
no cpopmyne:

Ebr = Ep/(1 + @p,cr)- (5.4)
KoadppuuineHT nonsyqectv 6eToHa @p cr NOCIE Harpesa NpuHUMatoT no Tabn. 5.1 ana Temnepatypbl 6eToHa Npy pacyete no gopmynam:

- B LLEHTpe TSHXeCTu NpmBeaeHHOro cevexms - (8.11, 8.13);
- ANsi KpanHero BONOKHa CKaTon 30Hbl 6eToHa - (11.31, 11.32).
[onyckaerca Temnepatypy 6eToHa B LLeHTpe TAXeCTN NPUBEAEHHOIO Ce4eHNst NMPUHNMAaTb paBHOW ero CpeAHen TemneparType.

5.6. Mpu HarpeBaHWM 6eTOHa eCTECTBEHHOM BNaXXHOCTU €ro TemnepaTtypHasa gecdopmauuns COCTOUT U3 AByX BUAOB Aechopmaumin: obpaTumon -
TemnepaTypHOe pacluMpeHue n HeobpaTuMoW - TemnepaTypHas ycaaka.

3HayeHus koahdmLMeHTOB TeMNepaTypHou AedopMaL v paclLMPeEHnst ap¢ NpvBedeHbl B Tabn. 5.2 n TemnepaTtypHon ycagkn dgs - B Tabn. 5.3.

Tabnuuya 5.2
KoadhduumneHT TemnepaTypHoro paclumpeHus 6eToHa abt-10'6, °C'1, npv Temnepartype 6etoHa,®
Bug 6etoHa C
20-50 100 300 500 700 - 1100
TspKenbIN HAa CUMKATHOM 3anosiHUTene 9 9 8 1" 14,5
Tsxenbi Ha kapboHaTHOM 3anonHuTene 10 10 9 12 15,5
KOHCTPYKLMOHHbIN kepamM3uTo6eToH 8,5 8,5 7 55 4,5
Tabnuua 5.3
Bup 6eToHa KoathpnumneHT TemnepaTtypHoi ycaakv 6eToHa acs-10'6, °C'1, npv Temnepartype 6etoHa,’C
20 - 50 100 300 500 700 - 1100
Taxenbln Ha cUNMKaTHOM 3anornHuTene 0,5 1,0 1,0 -1,8 -6,8
Tsxenbii Ha kKapboHaTHOM 3anonHUTEne 0,5 1,5 11 1,3 1,5
KOHCTPYKLMOHHBIN kepam3uTobeToH 2 2 1,5 1,5 1,5



5.7 OTHocUTeNbHbIE AedopMaL My GETOHa CKaTUIO NPYU 0QHO3HAYHOV PaBHOMEPHOM aNiope  £pQ U NpY ABYX3HAYHOM antope B HOpMarnbHOM
CEYEHWUU £pD B 3aBUCUMOCTY OT ANUTENbHOCTY AEUCTBUSI HArpy3Kku U pacyeTa Ha OrHeCTOMKOCTb U OTHECOXPaHHOCTb MPUHUMAIOT no Tabn. 5.4.

OTHocuTenbHble AedopMaL My 6eETOHa NPUHUMAIOT AN HaMMeHee HarpeToro CkaToro BorokHa 6eToHa, Tak Kak npy HepaBHOMEPHOM Harpese
oxaToro 6eToHa paspyLUeHue ero NpoMcxoauT no HauGoree NPOYHOMY MEHee HarpeToMy GETOHY.

Tabnuuya 5.4
OTHocuTenbHble aechopmaL My 6eToHa Npu CkaTUU U pacyeTe Ha
HaumeHbLLasi TeMnepaTypa Harpesa cxaToro 6eToHa B OrHECTOMKOCTb U KPaTKOBPEMEHHOE OrHEeCOXpaHHOCTb U ANUTenbHOe
ceqeHuu, °C HarpyxxeHue HarpyxeHue
ebtred 108 ep0- 103 52103 ep1red- 103 epg- 103 epo - 103
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 an pacyete OrHECTOWMKOCTU U OrHeCoXpaHHOCTHU Kene3o00eTOHHbIX KOHCprKLI,VIVI no ,El,e(bOpMaLlMOHHOIZ MoZJenn MOXeT BbITb UCMONb30BaHa
,D,ByXJ'IMHeIZHaﬂ anarpamMmmMa COoCTOoAHUA CXKaToro GeToHa.

Mpv oByxMHeHON anarpamme (puc. 5.2) cxumatowwme HanpskeHust 6eToHa  Op B 3aBUCUMOCTY OT OTHOCUTENbHBIX AedopMaLni  £p onpeaensioT
no dopmynam:

npun 0 < gp < &p1

0p = Ep, red, teb; (5.5)
npu ep1 < &p < €p2
0p = Rpnt; op = Rpt, (5.6)
R R
LOE £ = —bf 2 Em =—Emi .
Eb,red,f E&,red,!

3HaueHu1e npuBefeHHOro Moayns Aedpopmaunii  Ep reqd, t MTPUHAMALOT:

Eb,red,t = Rbntleb1,red; Eb,red,t = Rbt/eb1,red- (5.7)

PucyHok 5.2 - Auarpamma fedopMupoBaHns 6eToHa Npu pacyeTe OrHeCTOMKOCTU U OTHECOXPAHHOCTM

BasoBble TOUKM AMarpamMMbl - OTHOCUTENbHbIE AedopMaLi 6eToHa Op1 red, Op0 W Op2 NPUHMMAIOT No Tabn. 5.4 B 3aBUCMMOCTM OT

HanumeHbLIen TemnepaTtypbl CXaToro 6eToHa, npoaoIPKNTENbHOCTU nenctens Harpysku n pac4yeta KOHCTPYKU WU Ha OrHECTOMKOCTb Mnn
OrHeCOXpaHHOCTb.

5.9 lNMpu pacyeTe OrHeCTOMKOCTM Xene3o6eTOHHbIX KOHCTPYKLUIA UCNOMb3y0T Anarpammbl AedopMUMpoBaHns BeToHa Npu cxaTum ot
KpaTKOBPEMEHHOro OrHEeBOro BO3AEWCTBINSA B HArpeToM COCTOSIHUM Npu noxape. [narpammbl AedopMupoBaHns 6eToHa Ha cxaTne CTpoAT B
3aBMCMMOCTU OT U3MEHEHMSA HOPMATMBHOIO CONPOTMBIIEHWS BETOHa CXaTuIo NPY KPaTKOBPEMEHHOM OTHEBOM BO3AENCTBUMN.

lMpy pacyeTe orHecoxpaHHOCTYM >ene300eTOHHbIX KOHCTPYKLMIA NOCHe Noxapa UCnonb3ytoT Avarpammel AedopMupoBaHns 6eToHa Npu cxaTum
rocre orHeBOro BO3AeNCTBUS B OXIaXOEeHHOM COCTOsiHWUM. inarpammel AechopMmpoBaHusi 6eToHa Ha cxxaTue CTPOST B 3aBUCUMOCTU OT
N3MEHEHWNs pacyeTHOro CONpOTUBNEHUsI BETOHA CxXaTUo NOCINe OrHEBOro BO3AENCTBUS.

Apmartypa

5.10 HopmaTuBHble Rgn 1 pacyeTHble Rg, Rgc coOnpoTuBReHMs apmaTypbl U MOAyMb YNPYrocTu apmatypbel Eg cnegyet npuHuMaTth no
OeCTBYIOLLMM HOPMaTUBHbLIM JOKYMEHTaM.

I'Ip|/| BblCOKOTEMNEPATYPHOM OrHEBOM BO34ENCTBUM U3MEHSAIOTCA CBOMNCTBA apMaTtypbl.

/3MeHeHWe CONpOTURMEHMS apMaTypbl PACTSIKEHMIO U CXATUIO C MOBKILLIEHNEM TEMMNEPaTYpPbl YUNTHIBAIOT KOAULIMEHTOM YCTOBUIA paboThl st
= Vst

Rsnt = Rsnyst Rst = RsVYst; (5.8)



Rsct = RscY'st Rswt = Rswy'st. (5.9)
VameHeHre Moaynsi ynpyrocTv apMaTyphbl C MOBLILLEHUEM TeMMEepaTyphbl yYNTLIBAIOT KOIPMULMEHTOM g
Est = Esfs. (5.10)
3HaueHust KoahULMEHTOB Vst, Bs NPUHUMAIOT Mo Tabn. 5.5 B 3aBMCMMOCTY OT TeMNepaTypbl PaCTAHYTOM 1 CKaTol apMaTypbl.
Tabnuuya 5.5

3HaueHue koaphnLMEHTOB Yst, Bs, NPU Harpeee apmaTypbl [0
Knacc apmatypsbl KoadhcpuumeHT Temnepatypsbl,°C

20 200 300 400 500 600 700 800
1.0 1.0 1.0 0.85 0.60 0.37 0.22 0.10
Vst
A240, A300, A400, AS00 1,0 1,0 1,0 1,0 1,0 10 092 085
Bs 01 092 09 08 080 077 072 065
1.0 1.0 0.96 0.80 0.55 0.30 0.12 0.08
Vst
A540, A600, A800, A1000 1,0 1,0 10 10 086 066 056 046
Bs 10 09 08 080 076 070 066 061
1.0 1.0 0.90 0.65 0.35 0.15 0.05 0.02
B500, Bp1200, Bp1300, Bp1400, Bp1500, K1400, Vst
k1500 1,0 1,0 10 09 080 060 050 040
Bs 10 094 08 077 064 055 045 0,35

MpumeyaHus

1 3HaueHus koadpMLMEHTA Yt HAO YEPTOM U 3HaYeHUs koadduumeHTa Bg AaHbl B HArPETOM COCTOSIHUM, U OHU UCNOMb3YHTCSA NPU pacyeTe
OrHECTOMKOCTMW.

2 3HaueHus KOS(*J(*)MLI,I/IGHTa Yst N04 qepTon OaHbl Nocre Harpesa B OXna>aeHHOM COCTOAHUNU, U OHN NCNOSb3YOTCA Npu pacyete
OrHeCOXpaHHOCTU.

3 3HaueHus koadhdumumeHTa Sg nocne Harpesa pasHbl 1.

OTHocuTenbHble AechopMaLm YANMHEHNU apMaTypbl €0 NPU AOCTMXKEHUW HANPsXKEHMEM PacyeTHOro CONpOTMBIIEHUS ONPEAENSIOT KakK yrnpyrue

€s0 = Rst/Est. (5.11)

5.11 lMpwn pacyeTe xene3obeToHHbIX 3NIEMEHTOB Mo AeOpMaLMOHHON MOLENN B KA4YECTBE PaCHETHOW AnarpaMMbl COCTOSHUS
(medopmurpoBaHus) apMaTypbl, yCTaHaBIMBAKOLLEN CBA3b MEXOY HanpsKEHUsIMU Jg MU OTHOCUTENbHBIMU AedopMaLnaMn g apMaTypbl, MOXeT
ObITb Mcnonb3oBaHa Havbonee npocTas ABYXIMHeENHas avarpamma (puc. 5.3).

[narpammbl COCTOSHMSA apMaTypbl MPpU pacTaXeHUn U cxxatum NPUHNMaKT OOUHAKOBLIMMU.

PucyHok 5.3 - inarpamma aecopMmnpoBaHns apmaTtypbl NPy pacyeTe OrHECTONKOCTU U OTHECOXPAHHOCTYU

HanpskeHne B apmaType Og B 3aBUCUMOCTU OT OTHOCUTENbHbLIX AehopMaLnin  £g COrnacHoO AnarpaMmMme CoCTOSIHUS apMaTypbl ONPeaenstoT no
dopmynam:

npn 0 <es<es) Os = Eses; (5.12)
npun €50 < &s < €s2 Os = Rsnt 0s = Rst (5.13)
3HayeHus npeaenbHo OTHOCUTENbHON AedopMaLI apMaTypbl COCTaBMSAIOT:
npu tg =20 - 200 °C &g2 = 0,0025;
npu tg =500 °C eg2 = 0,0050;
npun 200 °C < tg<500°C - no nHTEepnonsayum.

5.12 NMpun pacyeTe OrHeCTONKOCTM Xene3ob6eTOHHbIX KOHCTPYKLUIA UCMONb3YIOT AnarpaMMbl 4eddopMUPOBaHNS apMaTypbl NPU PacTsXeHnn 1



CXaTun OT KpaTKOBPEMEHHOIo OrHeBoro BO3EeNCTBMSA B HarpeTomM CoCToAHUN.

,D,VlarpaMMbl ,D,e(*)OpMI/IpOBaHVIﬂ apMaTypbl CTPOAT B 3aBUCUMOCTUN OT USMEHEHNA HOPMATUBHOIO CONPOTUBNEHNA apMaTypbl PACTAXEHUIO U
Pac4eTHOro conpoTUBNEHUA CXaTUK NPU KpaTkoBpeMeHHOM OrHeBoOM BO3ENCTBUU.

5.13 Mpw pacyeTe OrHecoXpaHHOCTM Xerne3o6eTOHHbIX KOHCTPYKLUIA NoCce NoXxapa UCMonb3yT AMarpaMMbl 4ed)OpMUPOBaHUS apMaTypbl nocre
OrHEBOr0 BO3LENCTBUS B OXITaXOEHHOM COCTOSIHUM.

,D,Vlal'paMMbl ,D,e(bOpMVIpOBaHVIﬂ apMaTypbl CTPOAT B 3aBUCUMOCTUN OT USMEHEHNA PAaCHETHOIo CONPOTUBNEHUA apMaTypbl PaCTAXEHUO nnm
CXaTuio Nocre OrHeBoro BO3enCTBUS.

5.14 C nosbleHneM TeMnepaTypbl apmaTypHasi cTaHb paclumpsietcs. KoadduuneHT TeMnepaTypHOro pacluMpeHns apmaTtypbl Ot
NoBbILLEHNEM TeMMepaTypbl BO3pacTaeT u oH bornblue koaddumumeHTa TemnepaTypHo aedopmauum 6eToHa (Tabn. 5.6).

Tabnuuya 5.6
KoadhdunumneHT TemnepaTypHOro paclumpeHns apmaTtyphbl dst * 1076, °c npu
Knacc apmatypsbl TemnepaTtype, °C
20 100 200 300 400 500 600 700 800

A240, A300, A400, A500, A540, A600, A800, A1000, B500,
Bp1200 - Bp1500, K1400, K1500

6 TennoTexHMYeCKMIA pacyeT xene306e TOHHbIX KOHCTPYKLMIA

11,5 12,0 12,5 13,0 13,5 14,0 14,5 15,0 15,5

6.1 [ns onpeneneHusi npeaena orHeCTOMKOCTM Xene306eTOHHbIX KOHCTPYKL WA HeoBXoAMMO 3HaTb pacrnpeneneHve TemnepaTyp no 6eToHy
NonepeyHoro Ce4YeHMs anemMeHTa OT BO3AEWCTBUA CTaHAapTHoro noxapa. CornacHo nonoxeHnam FOCT 30247.1 Temnepatypa cTaHOapTHOro
noxxapa U3MeHsieTCsl B 3aBUCKMOCTM OT BPEMEHW OTHEBOMO BO3AENCTBUSI U BbIPAXAETCS YypaBHEHUEM:

t=34519(0,1337+ 1) + tg, (6.4)
rae T - BpeMsi Harpesa, MUH;
te - HauyanbHas Temnepartypa, °C.

Mpy HavanbHoOW Temnepatype fg =20 °C no ypasHeHuio (6.4) TemnepaTtypa cpefbl NOAHUMAETCS B 3aBUCUMOCTM OT BPEMEHU OTHEBOTO
BO3gewcTBuA (Tabn. 6.1).

Tabnuua 6.1

Bpems, MuH. t,°C Bpems, MuH. t,°C Bpems, MuH. t, °C

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

150 1082 210 1133 270 1170

180 1110 240 1153 300 1186

6.2 PelueHvie 3agaum HecTaLMOHapHOW TENIONPOBOAHOCTY CBOAUTCS K onpeaeneHunto TemnepaTypbl 6eToHa B no6oi Touke nonepedHoro
ceveHns aneMeHTa B 3a4aHHbI MOMEHT BpeMeHW. PyHKLMOHanbHas 3aBMCMMOCTb TeMnepaTypbl OT BPEMEHU OMMCLIBAETCS
anddepeHLManbHbIM ypaBHEHMEM TENNONPOBOAHOCTM Oypbe Npu HEMMHEWHBIX FPPAHUYHBIX YCIOBUSIX U CIIOXHOM NpoLecce Tenso- u
maccornepeHoca.

AnropuTM pacyeTa npeacTaenser cobon CUCTEMY ypaBHEHUI ANs onpeaeneHns TemnepaTypbl B KaXKAOM y3re HakaablBaeMol Ha ceveHne
KoopaMHaTHoOM ceTkn. KoopauHaTHas ceTka HaknaaplBaeTcsi Tak, YToObl ee y3rbl pacrnonaranmcb He TOMbKO B TOMLMHE CeYEeHWs, HO U NO ero
nepuMeTpy, a Takke B LLeHTPe CTEPXHEN Ansi KOHCTPYKLUMIA C TMBKOM apMaTypon, U No ANMHE MOJSIOK U CTEHKN B cepenHe UX TOMLMHbI Anst
KOHCTPYKUWIA C xecTkon apmaTtypoit. LLar ceTkn pekomeHpyetcs 3aaaeath B npegenax 0,01 - 0,03 M, Ho 06513aTenbHO BonbLUe MakCMMarnbHOro
anametpa paboyer apmaTypbl.

6.3 [Inst TeNNOTEXHNYECKOro pacyeTa Xene3o0eTOHHbIX 3MIEMEHTOB PEKOMEHAYETCS NPUHMMATL: KOS(ULMEHT TENNONPOBOAHOCTU TSXKENOro
6eToHa:

Ha CUIMKaTHOM 3anonHuTene:
A=1,2-0,00035¢, Br/(m - °C); (6.2)
Ha kapboHaTHOM 3anonHuTene:
A=1,14-0,00055 ¢, Br/(m - °C); (6.3)
NSt KOHCTPYKUMOHHOIO Kepam3nTobeToHa:
A=0,36-0,00012 ¢, Br/(m - °C); (6.4)
KO3(PPULIMEHT TEMNOEMKOCTU:
Ans Tskenoro 6eToHa Ha CUNMMKaTHOM U KapboOHaTHOM 3anoSHUTENsX:
C=0,71-0,00083t, kx/(kr - °C); (6.5)
ANs1 KOHCTPYKLMOHHOTO KepamautobeToHa:
C =0,83 - 0,00042t, kx/(kr - °C). (6.6)

lMpuBeaeHHbIN KO3HULIMEHT TEeMNepaTypONpOBOAHOCTU:

ared = M(C + 50W)p, m2/y, (6.7)



rae A u C - pacyeTHble cpegHue koadULMEHTbI TEMNONPOBOAHOCTY U TennoemkocTu 6etoHa npu 450 °C;

0 - MNOTHOCTb Cyxoro 6eToHa, Kr/m 3;

W - BecoBas aKcnnyaTtaunoHHasa BaXHOCTb 6eToHa, Kr/kr.

B anemeHTax ¢ eCTKoW apMaTypoii, y KOTopbIX HabnogaeTcs nepenaz TemnepaTypbl Mo AnMHE NONOK U BbICOTE CTEHOK XXECTKOWM apMaTypebl,
HeobxoAMMO yuMTbIBaTb TEMMONPOBOAHOCTL cTanu. KoadhduLMeHT TENNONPOBOAHOCTU CTanW PaBeH:

A=58-0,0048 ¢, Br/(m - °C). (6.8)
KoabprumeHT TennoemMKocTy cTanm paBeH:
C=0,48 - 0,00063t, kbx/(kr - °C). (6.9)

6.4 na HanGornee 4acTo NPUMEHSIEMbIX B CTPOUTENBCTBE XENe306eTOHHBIX KOHCTPYKLUMIA (NNWUT, CTEH, Ganok, KONoHH) Gbinv NpoBeeHbI
TENnoTexHu4Yeckne pacyeTbl pacrnpeeneHvsi Temnepatyp B 6eTOHE NONEPEYHOro CeYeHUs! AaNeMEHTa Npu 0aHO-, ABYX-, TPEX-, U
YETLIPEXCTOPOHHEM HArpeBe B 3aBUCHMOCTU OT ANMTENbHOCTM BO3AEWCTBIS CTaHOAPTHOrO noxapa.

3

TeI'IJ'IOTeXHVNeCKOMy pacyetry Obirm noaBeprHyThl Xene3obeToHHbIe KOHCTPYKU N U3 TAXENOro 6eToHa NNoTHOCTbI0 2350 Kr/m , BMaXXHOCTbO 0

2,5 - 3 % Ha cunmkaTHOM 1 KapOOHaTHOM 3anofiHUTENE, a Takke M3 KOHCTPYKLIMOHHOTO kepam3nTobeToHa nnoTHocTbio 1400 - 1600 kr/m3 ¢
BNaXXHOCTbI0 A0 5 % (cM. npunoxexns A u b).

7 MNMpepen orHe CTOMKOCTU MIUT U CTEH NO NoTepe Te NNIOU30JIUPYIOLLE N CMOCOBHOCTU

7.1 Temnepatypa Ha HeoborpeBaemol NOBEPXHOCTN KOHCTPYKL MM NMPU OAHOCTOPOHHEM OTHEBOM BO34ENCTBMM 3aBUCUT OT YCMOBUI
TennoobmeHa Ha 3TOM NMOBEPXHOCTM, KOTOPLIN XapaKTepurayeTcs KoapdrLMeHTOM TennooTaaun.

B pacuer BBOAMTCA cpeaHee apudMeTnyeckoe HavanbHOro U KOHEYHOro koadhdULMEeHTOB TennooTaaun. HavanbHoe 3HaueHne HaxoaaT npu
noBbILLEHUM TemnepaTypbl Ha 1 °C Ha HeoborpeBaeMoii NoBepxHOCTU. KOHeYHoe 3HaueHue koadduLMeHTa TeNNOOTAAUM ONpeaensiioT npu
NOBbILLEHNM TeMNepaTypbl Ha HeoborpeeaemMoi noeepxHocTn Ao 160 °C, T. e. Npu HACTyNNeHUW nNpeaena orHecTONKOCTU KOHCTPYKL UK Mo
noTepe Tennou3onupytoLlein cnocobHocTn. 3aTem TEeNNOTEXHNYECKMM PacHeTOM HaXOAST BpemMsl AOCTUXEHNS Mpeaena orHeCToMKoCT no
noTepe Tennou3onupyoLLein cnocobHocTu.

7.2 MNpepen OrHecToMKOCTU MO NoTepe TensionsonupytoLLein cnocobHocTH | Npu 0AHOCTOPOHHEM Harpese NNUT, CTEH U3 Tsxenoro 6eToHa Ha
CUINMKaTHOM M kapboHaTHOM 3anonHUTENe 1 U3 KOHCTPYKLMOHHOTO Kepam3nTobeToHa Npu ANUTENbHOCTU OrHeBoro Bo3aencTams Ao 300 MuH
ykasaH Ha puc. 7.1. [Ins MHOronyCTOTHbIX NAUT Npeaen OrHeCTOMKOCTM No NnoTepe TennoM3onmpyloLLen cnocobHOCTU crieqyet YMHOXUTb Ha
koadhcpmmeHT 0,65.

1 - Tsxenoro 6eToHa Ha CUNUKaATHOM 3anonHuTene; 2 - Tsxenoro 6eToHa Ha kap6oHaTHOM 3anonHUTenNe; 3 - KOHCTPYKLMOHHOTO KepaM3UTOBETOH
a

PucyHok 7.1 - Mpeaen orHecTOMKOCTU NO TENSIOU30NUPYOLLEN COCOBHOCTH NANT (CTEH) NPY OOHOCTOPOHHEM HarpeBe GeToHa OT CTaHAAPTHOMo
noxapa no NOCT 30247.1

8 PacuyeT npeaena orHe CTOMKOCTU MO NoTepe Hecyllei cnoco6HocTn

OCHOBHbIE YCIIOBUSA

8.1 OrHecTONKOCTb MO NOTEPE HEeCyLLEel COCOBHOCTU Xene3o6eTOHHbIX 3NIEMEHTOB NPY OFTHEBOM BO3AEWCTBUM CTaHOAAPTHOro noxapa
paccunTbIBaOT credyrowmm o6pasom.

[Ins NnpyHATOro No NPOEKTY pa3Mepa CeYeHus!, B 3aBUCUMOCTM OT Buaa GeToHa n TpebyeMoro npegena orHecToMkocT R, TENNOTEXHUYECKUM
pacyeToM unu no npunoxexusim A u b HaxogsaT pacnpeneneHve TemnepaTypbl B 6ETOHE ceveHust anemMeHTa u TeMnepaTypy Harpesa apmarypbl.

Ecnu koachpmuMeHT  ypt NpUHMMAIOT paBHbIM 1, TO onpedensioT rnybuHy nporpesa 6eToHa af A0 KpUTMYeckon TemnepaTtypsl (puc. 8.1 1 8.2).

YcTaHaBnuBaloT NpuBeAEeHHbIe pa3mepbl cedeHus no dopmynam (8.1 - 8.8) n B hopmynax NPOYHOCTU HOPMarbHbIX M HAKIMOHHbIX CEYEHUI
uenonb3yoT Rpn, Rptn, bt, ht, b'ft, h'fn Ared v hot.

Korga npvHumMatoT koadhdmumMeHT ypt < 1, KOTOPLIV 3aBUCUT OT TemnepaTypbl 6eToHa, cHavana onpefensioT Rppt no dopmyne (5.1) 1 Rpint no

dopmyne (5.2) NS KaXKOoW YacTn Ce4eHNs U UX 3HAYeHMs NOACTaBnAT B POPMyribl MPOYHOCTM HOPMaribHbLIX U HAKIOHHbBIX CEYEHUI C
OEeNCTBUTENbHBIMY pasmepammn CEHEHNI.

OnpenenstoT NPOYHOCTb CEHEeHMS! Xene3o06eTOHHOro areMeHTa OT AeNCTBUS HOPMaTUBHOW Harpysku U CTaHZapTHOro noxapa npu Tpebyemom
npepgene orHeCToMKocTu. Ecnun BeldMcneHHas NpoYHOCTb Gonblue unv paBHa NPOYHOCTH CEYEHNS OT HOPMAaTMBHOW Harpysku 4o noxapa, To



Tpebyemblii Npefen OrHecTOMKOCTY 0GecneqeH.
8.2 lMpu pacyeTe xene3obeTOHHbIX 3rIEMEHTOB NpYBEeAEHHbIE pa3Mepbl CEYEHWUI NPUHUMAIOT PaBHLIMU:

Npy TPEXCTOPOHHEM HarpeBe:

LUMpUHa Garnku, KONoHHekI bt = b - 2af; (8.1)

WwmpuHa nonku b'f = b'f - 2ay; (8.2)

BbicoTa nonku h'g = h's - at; (8.3)

BbICOTa CeydeHust 6ankum, KONoHHbl ht = h - ay; (8.4)

nnowaab 6ankn Areg = 0,95(b - 2 a¢)(h - ay); (8.5)

NpW YETLIPEXCTOPOHHEM Harpese:

BbICOTa Ce4YeHUsi KOMNOHHbI ht = h - 2af; (8.6)

nnowaib cedeHust KONoHHbl Argg = 0,9(b - 2ay)(h - 2ay). (8.7)

Pabouas BbicOTa ceveHus Npu HarpeBe CO CTOPOHbI CXaToW 30HbI PaBHa:
hot = ho - at. (8.8)

my6uHa nporpesa 6eToHa a( Ao KpUTUYECKOr TeMnepaTypbl B 6ankax oT HarpeBaeMow rpaHun cedeHnst aaHa Ha puc. 8.1.

1 - tp,cr =500 "C - Ha cunmkaTHOM 3anonHuTene; 2 - tp ¢r = 600°C - Ha kapGoHaTHOM 3anonHuTtene; 30 - 240 - Bpems Nporpesa, MUH, OT
cTtaHgapTHoro noxapa no NOCT 30247.1

PucyHok 8.1 - TnyGuHa nporpesa  af 40 KpUTMYECKOW Temnepatypbl th cr Tshkeroro 6eToHa B 6arke OT HarpeBaeMon rpaHn ceHeHms

Fny6V|Ha nporpesa OeToHa at oo KPUTUYECKOM TeMmnepaTypbl B KOJIOHHaX NMpuU YeTbIpexXCTOPOHHEM OrHEBOM BO3[ENCTBUMN NOKa3aHa Ha puc. 8.2.

1 - Ha cnMKaTHOM 3anonHuTene; 2 - Ha kKapboHaTHOM 3anonHUTene

PuicyHok 8.2 - TnybuHa nporpeBa  at A0 KPMTUYECKON TeMnepaTypbl THXENoro 6eToHa B KONOHHE NPU BO3AENCTBUM TeMMepaTypbl CTaHAAPTHOMO
noxapa no NOCT 30247.1

MnuTs
8.3 XKene3o6eToHHbIe NUTLI, onepTble Mo ABYM NPOTMBONOMOXHLIM CTOPOHAM, NPU OAHOCTOPOHHEM HAarpeBe CHWU3Y paspyLuialTcs B pesynbtate
06pa3oBaHUs NNACTUYECKOTO LWapHUpa B cepenHe NporietTa ns-3a CHMKEHUS HOPMATVMBHOIO CONPOTUBIIEHNUS apMaTypbl PACTSXEHWIO [0
KPUTUYECKOrO 3HAYEHUS HaMpsXeHUs OT HopMaTUBHON Harpysku (puc. 8.3).
Bo MHorux cnyvasx MoxHo npeHebpeyb NporpeBoM BGETOHA CKaTOM 30HbI U CKaTOW apMaTypbl, Tak Kak OHW HarpeBakTCs HE3HAUYUTENBHO.
MpOYHOCTb CeveHns NAUT NPOBEPSAIOT No dopmyrie:

M = Rpnbx(hg - 0,5x) + RscA's(hg - a@'). (8.9)
Mpy aTOM BbICOTA CXKATOMN 30HbLI OMNpeaenseTcs:

X = (RsntAs - RscA's)/Rbnb. (8.10)



Ecnun TemnepaTypa cxaTo 30Hbl 6eTOHa 1 CXaToW apmaTypbl BbICOKasi, To B dpopmyrnbl (8.9) 1 (8.10) BBOAAT HOpMATUBHOE COMPOTUBNEHME
6eToHa cxaTuto, BbluMcIieHHOe no dopmyne (5.1), n conpoTuBNeHne cxaTuio apMaTypbl, onpeaeneHHoe no dopmyne (5.9).

B cunbHO apMupoBaHHbIX nnuTax npu ¢ < R JONYyCKaeTcs MX MPOYHOCTb onpeaensTb no opmyne:

M = RgntAs(ho - 0,5x) + RgctA's(0,5x - a'). (8.11)
BbicoTy cxaTou 30HbI onpeaensitoT no gopmyrne (8.10).
8.4 Kputundeckoe 3HayeHve koadpdmumneHTa ycrnosuin paboTbl pacTsaHyTon apmaTtypsl, korga ¢ < R, BbIMMCNAIOT NO dhopmyrnam:

npu 0 gMHOYHOM apMUpoBaHUU

Yst,cr = Mn/RsnAs(ho - 0,5x); (8.12)

PucyHok 8.3 - Cxema ycunuii 1 antopa HanpsikeHUi B Ce4EHUM, HOPMaribHOM K NPOAONbHON OcW: 6anoYHOW NAWThI B NPOSETE (@) 1 KOHCONbHOW
nnuTbl Ha onope (6), o6orpeBaemMbIX C HUKHEWN CTOPOHbI

npu ABOHOM apMUPOBaHUM
Vst,cr = [Mn - RsctA's(0,5x - &')l/RsnAs(hg - 0,5x), (8.13)
e Mp, - MOMEHT OT HOPMATMBHO Harpy3ku.

BrlicoTy cxxaToi 30HbI onpeaensitoT no dopmyne (8.10).

3Has KpuTUYeckoe sHadeHue KoaddnLmeHTa ycrnosuii paboTbl apmMaTtypbl Vst cr, B 3aBUCMMOCTM OT Krlacca apmatypsbl no Tabn. 5.5 onpeaensiot
KpUTUYECKYIO TemnepaTypy Harpesa apmartypsl {s cr.

Bpems HacTynneHus npegena orHeCTOMKOCTM HAaXOAAT MO KpMBbIM nporpeBa 6etoHa nimT (cm. puc. A.1 - A.6 npunoxeHns A). Ha BepTukanbHomn
OCM MporpeBsa NNUTbl HAXOAAT 3HaYEeHNEe KPUTUYECKOW TemnepaTypbl apMaTypbl U MPOBOAAT FOPU3OHTamNbHYIO NPSMYIO 0 NepeceyeHns ¢ KpuBomn
HarpeBa 6eToHa, pacnooXXeHHOro Ha PacCTOSHUK, PABHOM PACCTOSIHMIO OT OCY apMaTypbl 4O HAarpeBaeMoi NOBEPXHOCTM NNMTbI. V3 3To ToYKM
OnycKatT NepneHanKynsp 4O NEPECEYEHMUS] C TOPU3OHTANbHOWM OCbI0 U HAXOAAT ANMUTENbHOCTb CTaHAAPTHOIO NoXapa B MUHYTaX,
COOTBETCTBYHOLLYIO NPEeAerny orHeCTOMKOCTM R NAMTbI N0 NoTepe HecyLlen CnocoGHOCTY.

M HOronycTtoTHble NIINTbI

8.5 B MHOronycToTHbIX NMTax npeaen orHeCTOMKOCTU MOXET HACTYNWUTb NpU AeACTBUM U3rnbatoLLero MoMeHTa OT HOPMaTUBHOW PaBHOMEPHO
pacnpegeneHHon Harpysku, B ONacHOM HaKNMOHHOM CEYEHUM OT MONEepPEYHON CUslbl U NpoCcKanb3bliBaHUS apMaTypbl Ha onope Npu Harpese
KOHTaKTHOro crnosi 6eToHa 1 apmaTypbl 10 KpUTMYECKOW TemnepaTypsl.

PacuyeT orHecTonkoCcTu Npu AEACTBUN U3rMbBaoLLEr0O MOMEHTA B OMACHOM HaKIOHHOM CeYeHMUM Npou3BoamTCs 13 ycrous (8.63). MonyyeHHbIN
MOMEHT YMHOXatoT Ha koaddpuumneHT 0,9.

lMpu orHeBOM BO3OEWCTBUM MOMEHT, BOCPUHUMAaEMbIN NMPOAOTbHOM apMaTypon, nepecekatoLeit pacTsHYTYH 30HY HAKIMOHHOIO CeMeHUs],
onpegensitoT u3 ycrnosusi (8.66).

Yeunve Ng B popmyne (8.64), BocnprHYMaeMoe aHKepYHOLLMM CTepXHeM apMaTypbl Npu  ds < 32 B 30He aHKepPOBKW, onpeaenstoT no dopmyne:
Ns = (n1Rbtntlsus/a) < RsntAs, (8.14)

rae N1 - KO3ApMLMEHT, YUNTbIBAIOLLMIA BIMSIHWE BMAA NOBEPXHOCTM apMaTypbl 1 pasHbIi 1,5-An4 rmagkon apmatypsl; 2,0 - Ang XxonogHo-
Aedopmurpyemon apMmaTypbl nepuognyeckoro npodwuns; 2,5 - Ans ropsayekataHon apMaTypbl NeproaNYecKoro Npoduns;

Rpint - HopmaTrBHOE conpoTuBeneHne 6eToHa 0CeBOMY pacTsKeHUto, onpeaensemoe no dopmyrne (5.2), B koTopor koaddmLMeHT ycrnosus
paboTbl 6eTOHa Ha pacTaXeHue ypft NPMHMMAIOT B 3aBUCUMOCTUY OT TeMnepaTypbl 6eTOHa, paBHOW TemnepaType aHKepyHoLLEro CTepXHS Ha
onope. TemnepaTtypy apmaTtypbl B 30He aHKEPOBKU MPW ONMPaHMM NAUTbI Ha Kene300eTOHHbIN purenb Unu cTeHy npuHnumatoT pasHow 0,8ts; npu
onvpaHnM Ha MeTannuyeckyto banky - tg;

Is - paccTosiHMe OT KOHL,@ aHKepyeMOro CTEPXHS A0 paccCMaTpMBaeMOoro NonepeyHoro CeYeHNs NNThI, NPUHUMAEMOrO B Ka4ecTBe ASIMHbI
aHKkepoBKu (He meHee 15dg, n 200 mm), Tpebyemolt ans nepegayu ycunusi B apmaTtype Ng Ha GeToH;



Ug - NEPUMETP NonepeyHoro ce4eHns aHkepyemMoro CTepxH4, onpegensieMblil o ero HOMWHalrIbHOMY gnaMeTpy;

a - k03hPMLMEHT, YUUTBIBAIOLLMIA BIIMSIHUE HaNpPsXXEHHOTO COCTOSIHMS GETOHA U apMaTypbl U KOHCTPYKTUBHOTO peLLeHns aNeMeHTa B 30He
aHKepOBKM Ha ANuMHY aHKepoBKU. [Mpn aHKepoBKe CTepXXHEeW NepuoamMyeckoro Npotuns ¢ NPSIMbIMK KOHLLAMW UK TNaaKon apMaTypbl C Kprokamu
UM neTnamm 6e3 4ONONHUTENbHbLIX aHKEPYHOLUMX YCTPOMCTB @ NPUHUMMALOT paBHbiM 1,0 ANs pacTsiHYTbIX CTEPXKHEN 1 paBHbIM 0,75 - Anst cxaTbIx
CTEPXXHEN.

MOMeHT, BOCI'IpVIHVIMaeMbIVI XOMyTaMu B npeaenax paCTHHyTOVI 30Hbl HAKIMOHHOIo ce4eHna npun orHesom BOSﬂ,eVICTBVIVI, onpegendarT no (bopmyne
(8.67).

8.6 3a npegen OTHEeCTOWKOCTM MHOI'OI'IyCTOTHOl7I NNUTbI NPUHUMAaETCA MUHUMarbHOE 3Ha4YeHune 13 npegenos OTHECTOWMKOCTM npu 06paSOBaHVIVI
nnacTun4eckoro wapHupa B cepeaunHe nponerta n 'y kpas HaKIOHHOM TPEeLWMNHbI.

[nsa onpepgeneHnsi npeaena orHeCTOMKOCTY MOMEHT MNpu 06pa3oBaHnmM NNACTUYECKOTO LapHUpa B CepeayHe nporeTa onpeaensioT no
dopmynam (8.9) n (8.11), B KOTOPbIX BMECTO LUMPUHBI pebpa b NoACTaBMAT LUMPUHY CKaTOW NOMKM  b'f, U MONYYEHHbI MOMEHT YMHOXaIoT Ha

0,9.
KoHconbHbIe nnuThl

8.7 KoHcornbHble NUTLI UMEIOT XXeCTKYH 3aAernky Ha ofHon onope. MNpy 0gHOCTOPOHHEM OrHEBOM BO3AEWCTBMM CHU3Y NPOYHOCTb OMOPHOro
CEYEHUsI CHUXKAETCSl, B OCHOBHOM, 3@ CYET HarpeBa [10 BbICOKUX TEMNepaTyp cxaToro 6eToHa U, kak crieCTBUE, YMEHbLUEHNS pacYETHOMN BbICOThI
ceyeHuns (cm. puc. 8.3,0). PacyeTHas BbicOTa Ce4eHUss YMeHbLUAEeTCH Ha TOMLWWMHY cnosi 6eToHa at mporpeToro 4o KpUTUYECKOW TemnepaTtypbl.

MPOYHOCTb OMOPHOrO CeYeHnst Npy AENCTBUN HOPMaTUBHOWN Harpy3ku U OTHEBOM BO3AENCTBUM CHU3Y criegyeT onpeaensTb no dopmynam (8.9) n
(8.11), B kOTOPBLIX (hQ - 0,5X) 3ameHsAOT Ha (hot - 0,5X), a 3HauyeHne hot BelMMcnaoT no dopmyrne (8.8).

[nsa nnut 13 6etoHa knaccos B30 u Hke ¢ HeHanpsaraemon apMaTypou, ecrnu noryYyeHHoe us pacyeta no copmyne (8.10) sHaveHne x> {Rhot,
AonyckaeTcs NPOM3BOAMTL pacyeT No 3TUM hopMynam, NPUHMMAas BbICOTY CXaTou 30HbI X = {RhQt.

Banku

8.8 B nopaensitoem GonbLlUMHCTBE criydaeB 6anku Bo BpeMsi noXapa noABepraloTcsi TPeXCTOPOHHeMY Harpey. OrHeBoMY BO3AENCTBUIO
NMOABEPratoTCs HUXHSAS TOPU3OHTasbHas NOBEPXHOCTb U ABe GOKOBbIe BepTMKasibHbIe MOBEPXHOCTU. MPOUCXOaUT HarpeB He TOMbKO PacTsHYTON
apmartypbl, HO 1 BeTOHa CxxaTon 30HbI U CXaTor apMmaTypel (puc. 8.4).

8.9 MomeHT, KOTOpbIi MOXET BblAepxaTb Harnka npsAmMoyronibHOro NoNepe“Horo ceveHnst, onpedenstoT no gopmynam (8.9) u (8.11), B koTopble
BMECTO b NMOACTaBNAT NPUBEAEHHYIO WMPUHY 6anku b, BelMMCNEHHYO no dopmyne (8.1).

a - NPAMOYroflbHOro cevYeHusa; 6 - TaBpOBOIo cevyeHna c CXaToW 30HOW B NOJSIKE; B - TaBpOBOIro Ce4eHud C CXaToW 30HOM B pere

P|/|cyH0|< 8.4 - Cxema yCVIJ'II/II7I n ankpa Hal'lpﬂ)KeHMl;L BO3HUKaKOLWMNX B Ce4eHUN, HopMarnbHOM K I'IpO,EI,OJ'IbHOVI ocu nsrnbaemoro xene3obeToHHOro
ArieMeHTa, OT TPEeXCTOPOHHEro orHeBsoro BO34ENCTBUSA noxapa, npn pac4yete Ha OrHECTOMKOCTb

MPOYHOCTH TaBPOBLIX U ABYTABPOBLIX U3rMGaEMbIX ANEMEHTOB ONPEAENSIIOT B 3aBUCHMOCTU OT MOJIOXKEHMS CKaToM 30HbI. Ecnn rpaHuua cxatomn
30HbI NpOXoAuT B nornke (puc. 8.4, 6), To JOMKHO cobntoaaTbCsl yCroBuve:



RsntAs < Rpnb'fth'ft + RsctA's. (8.15)

Ecnu rpaHnua cxxaToit 30Hbl NPOXOAMT B MOSKE, TO pacyeT criedyeT BbINMONHATL Kak Afist TPSIMOYTOSIbHOMO Ce4eHUs WMpuHoin  b'ft. B chopmyrnibl
(8.9) 1 (8.11) BMECTO b NOACTABNAIOT LUMPUHY NOMKKM b'ff, BBIMUCIIEHHYIO NO dhopmyrne (8.2).

Ecnu rpaHuua cxaTtoii 30Hbl npoxoaunT B pebpe 1 ycrosue (8.15) He BLINOMHAETCS, TO 3HAYEHME MOMEHTa ONpPeaensitoT No opmyrne:

M = Rpnbtx(ho - 0,5x) + Rpn(b't - boh'f(ho - 0,5h'f) + RsctAs(ho - &'). (8.16)
lMpy 3TOM BLICOTY CxaToW 30HbI 6eTOHa onpeaensitoT no cdopmyne:

x=[RsntAs - RsctA's — Rbn(b'ft - b)h'fil/Rpnbt. (8.17)

8.10 B 6arkax, apMUpoBaHHbIX pasHbIMU Knaccamu crarnei npy MHOropsiAHOM apMUpoBaHUK, apMaTypa PSAOB pasHbIX ypoBHel Byaet
HarpeBaTbCs HeoaAMHakoBO. B aTom criyyae npu { < R NPOYHOCTb BLIMMCIAIOT MO hopMyrie:

M = Y RsntAs(hg — 0,5x) + Y RsctA's(0,5x - a'). (8.18)

8.11 Kputuyeckas TemnepaTypa pacTsiHyToM apMaTypbl U3rMGaeMblx aNeMEHTOB Npu (< (R ONpefensieT HacTynneHue npeaena orHecTomkocTu
no noTepe HecyLleln cnocoGHOCTH.

Kputunueckoe 3HayeHue KoapuLimeHTa ycrnoBus paboTbl pacTSHYTON apMaTypbl BbIYUCSIOT:
B Gankax NpsiMOyronbHOro CEYEHUs1 NpU oaNHOYHON apMaType (6e3 yueTa cxaToln apMmaTypsl) no copmyne (8.12);
B Gankax NpsiMOyronbHOro CEYEHUS C YY4ETOM CxXaTol apmaTypbl no dopmyne (8.13);

B Gankax TaBpOBOr0 CEYEHUSI, KOIAA rpaHuLla cxxaTom 30Hbl NPoXoauT B pebpe:

Vs.cr = (Mn—A- B)/IRspAs(hg - 0,5x); (8.19)
A= Rpplbtx(ho - 0,5 x) - I'f(ho - 0,5 H'#)]; (8.20)
B=RsetAs(ho - ). (8.21)

3HaueHue BbICOTbI CXXaTou 30HbI onpeaenstoT no dopmynam (8.10), (8.17), npueegeHHyto WwmpuHy 6anku bt - no dopmyne (8.1), LWUMPUHY NOKN
b'ft - no oopmyne (8.2).

3Han KpUTUYecKoe 3HadeHne koaddnLMeHTa ycrosuii paboTel apmMaTypbl Vst cr, B 3aBICKMOCTH OT Knacca apmartypsl, no Tabn. 5.5 onpeaensiot
KpUTUYECKYIO TeMNepaTypy Harpeea apMartypbl ts o AN KpaHero cTepxHsi apMatypbl B 6arnke. 3Hasi paccTosiHue OT OCY apMaTypbl 40 HUXHEN

1 6oKOBOW NoBepxXHOCTEN Barnku, Ha cxemax nporpesa 6anok (cM. pucyHku B.7 - B.22 npunoxeHus B) HaxogsaT Ty cxemy nporpesa 6anku, B
KOTOpoI TemnepaTypa 6eToHa paBHa KpUTMYECKOW TemnepaType OCv apMaTypbl KpaHero CTepxHsl. Ha aToi cxeme cBepxy yka3aHa
ANUTENbHOCTb CTaHAAPTHOrO NoXapa, KoTopas OyaeT COOTBETCTBOBaTL Npeaerny OrHeCTOMKOCTH Banku no notepe Hecylueln cnocobHocTn R.

lMpy NpoMeXxyTOUHBIX 3HAaYEHUAX TEMNEPaTYpbl  ts or HA Cxemax nporpesa 6anok npeaen orHeCcTOMKOCTH onpedensieTcs No NUHeRHOM
VHTEpnonsauum.

KonoHHbI

8.12 KonoHHbI, HaxoasiLmecs B CTeHax, MOryT nogesepratbCA OrHeBoOMy BO3OENCTBUIO C OOHOM CTOPOHbI, a TakkKe C ABYX U TPEX CTOPOH.
OTaenbHO CTosILLME KOMOHHBI, Kak npasnno, noaseprarwTcAa OorHeBoMy BO3OENCTBUIIO C YeTbIpex CTOPOH.

OrHeBoe BO3aeiiCTBIE Bbl3blBAaET HEPABHOMEPHOE pacrnpedeneHe TemnepaTypbl B 6eTOHE N0 NONepPeYHOMY CE4YEHUIO KOSOHHLI. MepudepuiiHbie
crion 6eToHa nporpeBaloTcs 3HaUUTENBbHO GonbluUe, YeM BHYTPEHHUE, YTO NPUBOAUT K CHUXKEHWIO MPOYHOCTU U CUNTBHOMY PasBUTUIO
nedopmaLmii GeToHa y KpaeB ceveHUs1 KONMOoHHbI. MeHee HarpeTbln GETOH LieHTpanbHOM YacTy cedeHust obrnagaet GonbLuei NPOYHOCTbIO U
MeHbLUel aedopMaTMBHOCTLI0. PaspyLleHre KOMOHH NponcxoauT No MeHee HarpeTtomy, 6onee npoyHoMy B6eToHy npu gedopmalmmn cxaTus,
Onmskon kK NpeaensLHomn.

B apmartype, pacnonoXxeHHON Y KpaeB Ce4YeHNA KOJIOHHbI, NMPpU BbICOKUX TEMMNEpPAaTypax Harpesa pa3smBakoTCA BonbLUMe nnacTuyecke
,D,erOpMaLWIVI, M OHa nepecTtaeTr BOCNpUHMMaTb yCcunua ot BHELLUHEW Harpysku, KOTopble nepenarTca Ha MeHee HaFDETbIVI OeToH B LI,EHTpaﬂbHOVI
YaCTU KOJIOHHBbI.

8.13 Pacyet npoYHOCTM NPY YETLIPEXCTOPOHHEM OFHEBOM BO3AENCTBUM NPSIMOYTOMNbHbIX CEHEHUI BHELLEHTPEHHO CXaTbIX KOJIOHH C apMaTypoW,
pacnonoXeHHOW Y MPOTUBOMOMOXHbIX B MIOCKOCTU M3rnba CTOPOH CeYeHUs, MPU 3KCLLeHTpUCUTETE NpoaonbHon cunbl eg £ h/30 n rmbkoctn A =

lo/h < 20 npon3BoadaT no dopmyne:
N = @(RbnAred * RsctAs, tot), (8.22)
rae Ared - NpuBEAEHHas NroLwaab CeYeHnsl, KOTopyto onpeaenstoT no dopmyne (8.7);

As, tot - NNowaaL Bcer NpoAosibHOW apMaTypbl B CEHEHUN.

8.14 KoacbdmumeHT NpodonbHOro u3rmba @ Ans HarpeTbix NPSMOYTONbHbIX U KPYIbIX KONOHH CriegyeT NpUHUMaTh B 3aBUCUMOCTM OT OTHOLLEHUS
pac4eTHOW ANMHBI KOMOHHBI ) K NpuBedeHHbIM BbicoTe  hy unu anametpy dt no taon. 8.1.

Tabnuua 8.1

lo/ht 6-12 16 20
lo/dt 5-10 14 17
@ ona Tsxkenoro 6etoHa 0,90 0,80 0,70
¢ NS KOHCTPYKLMOHHOTO kepamanTobeToHa 0,85 0,68 0,55

Mnowaab NpYBeAEHHOTO KPYIoro CedeHus:

Ared = 0,785d2¢ = 0,785( d - 2af)2. (8.23)



MpvBeaeHHas BbICOTa CeYEHUs KOMOHHBLI  ht onpeaensierca no copmyne (8.4) unm (8.6).

my6uHy nporpesa b6eToHa ay, AN KPYriow KOSMIOHHbI HAXOAAT No puc. 8.2, npuHumast  dy = 0,9 b¢ M HaiAeHHOe 3HaYeHVe af YMHOXalT Ha
koadpdpuumeHT 1,11.

8.15 Pacyet no NpoYHOCTU NPSAMOYTONbHbIX CEYEHUI BHELLEHTPEHHO CXaTbIX KONIOHH NPy OFHEBOM BO3AEWCTBUMN MPOU3BOAAT M3 YCIOBUS:
Ne = Rpnbgx(ho - 0,5%) + RsctA's(ho - @'). (8.24)
BbicoTy cxxaToi 30HbI onpeaensoT no gopmyne (puc. 8.5):
npud= xho< (R
x=(N+RsntAs - RsctA's)/Rbnbt (8.25)
npud= xhoz (R
¥ = N+ RS?‘!EA.S(I + G!R)“:l B ffR)_ Rscf‘q; )
Rl + 2R A ’f"%ﬂ(‘l - CfR) (8.26)

lMpy YeTbIpEXCTOPOHHEM OrHEBOM BO3AenCTBUK B chopmyne (8.24) BmecTo ( hg - 0,5x) BBogaT (hot - 0,5x). MNprBeaeHHyto BbICOTY cedeHunst  hQt
onpegensitoT no copmyne (8.8). MpueeaeHHyto LWnpuHy bt B chopmynax (8.24) u (8.25) onpeaensitot no copmyne (8.1).

i w

a - NPU TPEXCTOPOHHEM; 6 - NPW YETLIPEXCTOPOHHEM OGOrPEBE U pacyeTe Ha OTHECTOMKOCTb

PVIcyHOK 8.5 - Cxema yCVIJ'IVIl7I n anpa Harlpﬂ)KeHVIVl B CE4EeHUN, HOpMaJibHOM K I'lpO,D,OﬂbHOVI OC/ BHELLEHTPEHHO CXaToro ernesobeToHHOro
arnemMeHTa

8.16 DKCLLEeHTPUCUTET UMM PacCTOAHME OTTOYKN MPUNIOXKEHWUS NPOAOMbHON cnnbl N OO LIeHTpa TSAXECTU CeYeHNs PpacTSHYTON UM MEHee CxxaTon
apmarTypbl KONTOHHbI MPY OTHEBOM BO3AENCTBUM Onpeaenserca no creaywowen dopmyne:

e=eon+0,5( hot-a') +et; (8.27)
ep = MIN. (8.28)

3HaueHWe ko3l MeHTa, YUUTIBAIOLLErO BNUSIHUE NPOAONBHOMO U3rnba KOMoHHbI Ha ee HeCyLLYlo COCOBHOCTb, onpedensioT no (opmyne:

.
5
1-—
Ny (8.29)
YCrOBHYIO KPUTWYECKYIO CUITY OMpPEAENnsItoT no dopmyne:
Ngr = 2DJ12g. (8.30)
KecTkocCTb »ene3obeToHHOro ariemMeHTa B NpeAeribHOM No NPOYHOCTU CTaauK AoNyckaeTcs onpeaenaTb no dopmyne:
015E,7
D=2 407E.J,,
#(03+3,) (8.31)

rae J, JS - MOMEHTbIl NHEPL NN COOTBETCTBEHHO BGETOHHOTO CEYEHUS U CEYEHMS BCEN I'IpOﬂOJ'leOVI apMaTtypbl OTHOCUTENbHO LLeHTPa TAXEeCTU
nonepe4yHoro cev4eHnsa aneMeHTa;

Ept, Est - mogynu ynpyroctu 6eToHa 1 apmaTypbl Npu OrHEBOM BO3AEWCTBUM, onpeaensemblie no dopmynam (5.3) u (5.10);

@1 - KOIPULNEHT, YUUTLIBAKOLLNIA BINSIHUE OSIMTENBHOMO AENCTBUSI HArpy3ku Ha Npornd aneMeHTa B npeaesibHOM COCTOSIHUM:



@ =1+, 100,), (8.32)
roe My, M, narnbaroLme MOMEHTbI BHELLHMX CUIT OTHOCUTENBHO LIeHTPa TSXECTU CeHYEHUst PacTsiHyTON (U MeHee CxaToin) apmaTypsl
COOTBETCTBEHHO OT ,D,eIZCTBVIFI MnonHomn Harpyskn n ot D,eVICTBI/IFI MNOCTOAHHbIX U ANUTESNbHbIX HAarpy3oK.
3HayeHve &g onpepensercs no dopmyne:

O¢ = ep/h¢, HO He meHee 0,3. (8.33)

lMpu oaHO-, ABYX- UMK TPEXCTOPOHHEM HepaBHOMEPHOM Harpese Mo BbICOTE CEYeHUs BHELLEHTPEHHO CXXaToM KONOHHbI AOMOMHUTENbHbI
3KCLLeHTPUCUTET (Unn Nporu6) OT OrHEBOrO BO3AEWCTBUS ONpeaenstoT no hopmyrne:

et = a(astts - apttp)Po/8ho. (8.34)
lMpu YeTbipexcTopoHHeM HarpeBe ef = 0.
[Ins KOMOHH C HeCMeLLaLWMMK 3afenkammn Ha AByX koHuax (6e3 nosopota) Ig = 0,5/; a = 0,55.
[N KOMOHH C HeCMeLLalLLMMK 3afenkaMmy Ha ABYX KOHLLaX ¢ MOAATAMBLIM orpaHuYeHHbIM nosopotom g = 0,8/, a=0,7.
[INs KOMOHH C WapHUPHBIMKU Onopamun Ha AByx koHuax Ig =/ a=1,0.

KoadbduuneHT apt npuHuMatoT no Tabn. 5.2 B 3aBUCMMOCTH OT TeMnepaTypbl 6ETOHa MeHee HarpeTon CxXaTow rpaHn CeYeHns U agt - No Tabn.
5.6 B 3aBUCMMOCTM OT TEMMNepaTypbl apMaTypbl y HAarpeBaemMo rpaHu.

8.17 DKCLLEHTPUCUTET, UK pacCTOsIHUE OTTOYKW MPUMOXKEHNUS NPOJONbHON cunbl N [0 LLlEHTpa TSHKECTU CeYEHUsI PacTAHYTON UK MeHee
CKaTo apMaTypbl KOJIOHHbI MPY YETLIPEXCTOPOHHEM OFHEBOM BO3LEWCTBUM, AOTNYCKAETCS ONpenensTb no opmyne:

2y

(7 By e DS} -1 (8.35)

rae Ep1 - onpegensioT no cdhopmyne (11.8);
Jred - no chopmyne (11.9).

8.18 KocBeHHOE apMmnpOBaHUE CETKaMu UM CnMpansmmn NoBbiLLaeT npeaen orHecTonkocTy B cpegHeM Ha 20 %. PacyeT OrHeCTOMKOCTM KOJNTOHH
npv KOCBEHHOM apMUpPOBaHWM CrieAyeT BbIMOMNHATL Mo dhopmyrnam (8.22) unu (8.24), noactaensas B 3Ty hopmyrnbl BMECTO Rpp NPUBEOEHHYO

NPU3MEHHYIO NPOYHOCTb beToHa Rbn,red, onpeaeneHHyr ¢ y4eTom BIMAHUA OrHeBoro BO3OENCTBUS Ha HOPMaTKMBHbIE CONPOTUBIEHNA
apmaTypHon CTanu CETKN unun cnupanu.

Hecyuwue cTeHbl

8.19 Xene306eTOHHbIE HECYLLUME CTEHbI CMOLIHOMO ceveHus ¢ rmbkoctbio A < 83(lp/ht < 24) npy 0QHOCTOPOHHEM OrHEBOM BO3OENCTBUW, C
XKECTKMMM HecMeLLlaeMbIiM1 OrnopamMm, KOrAa NpoAosibHas CxMMaloLas cuna NpunoXxeHa ¢ HayasbHbIM UK CIyqaiHbIM SKCLLEHTPUCUTETOM CO
CTOPOHbI 06orpeBaemMoin NOBEPXHOCTU, paboTaloT Ha BHeLLeHTpeHHoe cxaTue. [Npeden orHecTOMKOCTH MO NoTepe HecyLuen CnocobHoCTH
HacTynaer npu npornée CTeHbl, HaNpaBneHHOM B Heob6orpeBaemyto CTOPOHY.

I'Iporm6 OT HEpPaBHOMEPHOIo Harpesa CTeHbl N0 BbICOTE CEYEHUA B pacyeTe He yHYUTbIBAlOT, TaK KakK OH HarnpaeieH B oGorpeBaemyro CTOPOHY U
YMeHbLUaeT 3KCLLEHTPUCUTET NPUNOXKEHNA I'IpO,ﬂOI'IbHOVI CKUMatoLLEW CUIbI.

8.20 lMpy 0AHOCTOPOHHEM OrHEBOM BO3AEMCTBUMN U C XKECTKUM OMNMpaHMeM CTEHbl MPOYHOCTb BHELLEHTPEHHO CXaTbIX NIIOCKUX 3NIEMEHTOB Npu
NPWIOXEHUN NMPOAOSbHOW CuIbl ¢ 6onbLuMM aKkcLeHTpucutetToM (puc. 8.6), koraa ¢ = Xhot < {R, onpepenstoT no dopmynam (8.24) - (8.26).




a - pacHeTHble pa3mMepbl CTEHbI; 6 - cxema pas3pyLlweHna CTeHbl Npyu ogHOCTOPOHHEM OrHEBOM BO3OENCTBUU; B - CXeMa CEYEHNS CTEHbI npu
pac4yeTe OrHeCTOMKOCTU

PucyHok 8.6 - YKenesobeToHHas cTeHa € orpaHU4eHHbIM NMOBOPOTOM OMOPHBIX CEYEHUIA

8.21 PacuyeTHbIii npeaen orHecToMKoCTH Xene3o6eTOHHbIX CTeH NPU KOHTaKTHOM ONUPaHWK Ha ynpyronoaaTiiMBoe OCHOBaHWE, NP PacTBOPHbIX
LWBax ToNWwMHon 20 MM, YMHOXaeTcsl Ha koadphdmuneHT ynpyroin nogatnueoctu 0,75; npu LWBax TONWMHOM 5 MM, 3aNOfHEHHbIX LLeMEHTHO-
necyaHow nacTomn, - Ha koadduumeHT 0,85.

8.22 B ycrnoBusix noxapa OBYXCTOPOHHUI 06orpeB xerne3o6eToHHOM CTeHbI He Beeraa BoamMoxeH. OgHako npu ogHOBPEMEHHOM HarpeBaHuu ¢
[BYX CTOPOH B >ene306eTOHHOW CTEHe NPaKTUYECKU He BO3HUKAET TeMmepaTypHoro npornba, u cteHa npogosikaeT paboTaTtb Ha cxaTue.
Mpenen orHeCcTONKOCTM R Takow CTeHbl BO3MOXHO ByadeT Bbille, YeM Npy OQHOCTOPOHHEM Harpese.

PacTsiHyTble 3neMeHTbI

8.23B HEeCYLLUNX KOHCTPYKLUAX (bepM N apoK UMEeoTCA XKene3o0eTOHHbIE 3NIEMEHTHI, KOTOpble pa60Tar0T Ha UeHTpanbHOe U BHELLEHTPEHHOEe
pacTaxeHune. Kak npasuIo, 3TN ANeMeHTbl BO BpeMA noxapa oGorpeBaromﬂ CO BCEX CTOPOH.

8.24 MpOYHOCTb NPSIMOYTOSIbHBIX XXeNe306eTOHHbIX 3/1IEMEHTOB NPU BCECTOPOHHEM OTHEBOM BO3AEMCTBUM CeayeT BbIUACTSTL NO CrieayoLumm
dopmynam:

npu LeHTpanbHOM pacTshKeHUn
N=3RsntAs; (8.36)
npy BHELLEHTPEHHOM PaCTSXXEHWUW U NPOAOIbHOW Cumne, NPUITOXEHHON Mexay yeunuamum B apmaTtype  Su S' (cMm. puc. 8.7)
Ne < RgntA'(hg - a'); (8.37)
Ne' < RsntAs(ho - a); (8.38)
npun NPOAOSIbHON cune, NPUNOXEHHON 3a NpeaenaMy pacCcTosHUS Mexay yeunusmun B apmatype Su S'
Ne < Rpnbtx(hot - 0,5%) + RsctA's(ho - ). (8.39)
BbicoTa cxaTol 30HbI paBHa:
x=(RsntAs - RsctA's - N)IRpnbt . (8.40)
Ecrnmn x> ({Rhq, To B ycnosue (8.39) noactaensoT x= {Rhot

PaccTosiHue e oT pacTsarueatoLLet NPOAONbHONM CUMbl 0 PaBHOAEWCTBYHIOLLEN YCUNWIA B apMmaTtype onpeaenstoT no gopmyrne (8.27) 6e3
koadbhnLMeHTa ), Tak Kak HET AOMOSHUTENBHOrO NPOAOIILHOMO N3rmba OT pacTArMBatoLLen cunbl, 1 6e3  e¢, Tak Kak Npy BCECTOPOHHEM OTHEBOM

BO3AENCTBUMN HET AOMNOMHUTENBHOrO BbirMba oT HepaBHOMEpPHOro Harpesa.

MpoponbHas cuna NpuroXeHa: a - Mexagy ycunuamu B apmatype Ag un A'g; 6- 3a npegenamu pacctosiHAS Mexagy yeunusimu B apmatype Agun A'g

PucyHok 8.7 - Cxema ycunuii 1 aniopa HanpskeHuid B Ce4EHUM, HOpMaribHOM K MPOAOoNbHOM OCY BHELLEHTPEHHO PacTsiHYTOrO ene3o06eToHHOro
arieMeHTa, Npu YeTbIPEXCTOPOHHEM 0GOrpeBe BO BpeMsi Noxapa Npu pacyeTe OrHeCTOMKOCTH

PacueT npoYHOCTM HOpManbHbIX Ce4YeHUI Ha OCHOBe AedopmMaLMoHHON Mofenu

8.25 lMpu pacyeTe OrHeCTOMKOCTM N0 NOTEPE HECYLLUEN CMOCOBHOCTN OT OFrHEBOTO BO3AEWCTBUS YyCUnnusa 1 aecdopmMaLum B CE4EHUN, HOPManbHOM
K NpOAOIIbHON OCY 3nemeHTa, onpeaensoT Ha ocHoBe AedOpMaLIMOHHOM MOAENM, NCMONb3YSA YPaBHEHNS PaBHOBECUS BHELLHUX CUI U
BHYTPEHHMX YCUINWIA B CEYEHNN ANEMEHTa C y4ETOM U3MEHEHNS CBONCTB BeTOHa 1 apmMaTypbl OT BO3AENCTBUSA TemnepaTypsl.

8.26 lMpu aTOM MCNOMb3yHTCHA cneaylLIne NONOXEHUS:

- pacnpeneneHne OTHOCUTENbHbIX ,qe(popmaumﬁ 6eToHa u apMaTtypbl NO BbICOTE Ce4eHUda aneMeHTa NnpuHMMarT no J'IMHel7IHOMy 3aKOHY;,

- CBA3b Mexay OCEBbIMU CKMMAIOLLMMUN HaNpsikeHWAMU 6eToHa  Op M OTHOCUTENbHBIMK ero AedopMaunamMmn gy AOMYyCKaeTCA NPUHMMaThL B BUAe
OBYXIIMHEHOM anarpammbl (pyc. 5.2), cormacHo KOTOPOW HanpsiXeHWs op onpeaensitoT no n. 5.8;

- conpoTtueneHue 6eToHa pacmHyTon 30Hbl HE Y4MUTbIBAETCA,

- CBA3b Mexay HanpsiKeHWsIMWM apMmaTypbl  Og U OTHOCUTENbHBIMK ee AedhopMaL MMy £g AOMYCKAETCA NPUHUMaTh B BUAE OABYXITMHENHON
anarpammel (pyc. 5.3), cornacHo KOTOPOKN HaMpsiXXeHUs Og NpuHUMatoT no n. 5.11.

Mepexod OT antopbl HANPsHKeHUI B 6eTOHe K 0606LLIEHHBIM BHYTPEHHUM YCUINAM PeKOMEHOYETCS OCYLECTBMNSATL C MOMOLLBIO NpoLeaypsl
YUCNEHHOTO NHTErPUPOBaHMS MO HOPMaslbHOMY CedeHMo. [ns 3TOro HopManbHoe CeveHne Npy BHELLEHTPEHHOM CXaTuK, PacTsXeHUN 1 nsrnbe
B MJIOCKOCTM OCY CUMMETPUW YCIIOBHO pasfensioT Ha Marble y4acTKu: NP OQHOCTOPOHHEM OrHEBOM BO3AENCTBUM B MAMTAX - TOMbKO MO BbICOTE
CeveHust; NpM TPEXCTOPOHHEM OrHEBOM BO3AENCTBUM B Bankax 1 purensx - no BbICOTE U LUMPUHE CEYEHUS], MPU YETbIPEXCTOPOHHEM OrHEBOM
BO3AENCTBUAN B KOMOHHAX - Ha MOIble NMPSIMOYrONbHUKM C OAVHAKOBOW TemMnepaTypol Harpesa.



8.27 Pacuet Ha ocHOBe HenvHenHow gedopmaLMOHHOW MOAENU NPOU3BOAAT C NOMOLLBIO KOMMNbIOTEPHBIX NPOrpamMM, KOTopble pekoMeHayeTcs
COCTaBnATb Ha OCHOBE CreayioLLero anropuTma.

8.27.1 [Ina npvHATOro No NpoekTy npeaena OrHecTOMKOCTU R »xene3obeTOHHOro aneMeHTa peLlaeTcs TeNNoTexHnyeckas 3agada, no KOTOpou oT
CTaHAAPTHOrO MoXapa, ANMTENbHOCTbLIO, COOTBETCTBYIOLLE TpebyemMoMy npeaeny orHeCTOMKOCTM R, HaxoasaT TeMnepaTypy Harpesa i-ro
yyacTka 6eToHa 1 j-ro CTEepPXKHS apMaTypbl B NONEPEYHOM CeYEHUN dnemMeHTa.

8.27.2 No TemnepaType Kaxdoro y4actka cxxaTomn 30Hbl 6eToHa no Tabn. 5.1 yctaHaBnmnBaloT 3HaYeHNs KoapdmLMeHTOB ypt U Bp. 3Hasa knacc

6eToHa No NPoYHOCTY Ha cxaTtue, no dopmyne (5.1) HaxoaaT conpoTuBrneHne 6eToHa cxaTuto, a no dopmyne (5.3) - 3HayeHUss mogyns
ynpyroctu 6eToHa. [ina MeHee HarpeToro cxxaToro BonokHa 6eToHa no Tabn. 5.4 ycraHaenueaoT 6a30Bble AedopMaLMOHHbIE TOYKM AvarpaMmMbl
COCTOsIHMSI BETOHA U CTPOAT AuarpaMmmy cxatoro 6eToHa.

8.27.3 3Hag knacc apMaTypbl, HAax04AT CONPOTUBIEHME apMaTypbl pacTsbkeHuto no dopmyne (5.8), cxaTtuto - no dopmyrne (5.9) n mogynb
ynpyrocTu - no gopmyne (5.10). B atux dpopmynax 3HavyeHus KoadhnLUNEHTOB st U Bg NPUHUMALOT no Tabn. 5.5, B 3aBUCMMOCTU OT

TemnepaTypbl pPacTsHHyTON U cxaToi apmaTypsbl. [peaenbHble 3Ha4YeHUsi OTHOCUTESbHbIX AedopmaL Ml apMaTypbl NpuHUMatoT no n. 5.11 u
CTPOSAT AnarpaMmbl AeOpMUPOBaHUSA PacTAHYTON U CKaTow apMaTypbl.

8.27.4 B o6Luem cryyae npu pacyeTe HopMarbHbIX CEYEHUI BHELLEHTPEHHO CXKaTbIX U PACTSAHYTbIX XKeNe306eTOHHbIX 31IeMEHTOB UCMOMb3Y0T
crepyroLme 3aBNCUMOCTU:

YpaBHEHUA paBHOBECUA BHYTPEHHUX N BHELLHUX YCVIJ'IVIVIZ

M= I.Zgbz"ﬂbiszi +§J@fﬂgzsx;

My = Zgbiﬂbz'zbﬁ +ngjﬁsjzsw'
' J (8.41)

N= Zgbi"qbz' +ZJEU-ASJ- ;
I J

(8.42)
ypaBHEHUs, onpeJenstoLme pacrnpeaeneHvs aecopmaiuii o CeYeH o dNeMeHTa:
Epp =Egt—Zpy t _ZEJ_JJ:' :
Py Py (8.43)
1 1
£y =y +—Zw. + —Zw. e
T Ty (8.44)
3aBUCYMOCTY, CBA3LIBAIOLLME HaMPSKEHUA M OTHOCUTENbHLIE AedopMaLim GeToHa u apmaTypsbil:
Obi = Eptivbiebi (8.45)
Osj = Estjvsjesj (8.46)

rae B ypaBHeHusx (8.41) - (8.46):

My, My - n3rmbatoLume MOMEHTbI OT BHELLUHWX BO3AEWCTBUI OTHOCUTENBHO BbIDpaHHbIX OCe XUy B Mpeaenax nonepeyHoro Ce4eHnst arnemMeHTa,
onpegensiemMble nNo hopmynam

Mx = de +Néx
M, =M, +Ne, (8.47)

MXd, Myd - n3rnbarLme MOMEHThI B COOTBETCTBYHLLUMX NINOCKOCTAX OT BHELHUX yCVIﬂVIl7I, onpegendaemMbie N3 CTaTUYeCKOro pacyera;

N - npoaosibHaA cuna OT BHELWHUX yCVIJ'IVIVI;

€x ey - PacCTOSHMA OT TOYKM NPUIOKEHNs cunbl N A0 COOTBETCTBYIOLMX OCEiA;

Abi, Zbxi, Zbyi, O bj - NOLIaAk, KOOPAMHATbI LLEeHTPa TAXECTM /-0 y4acTka 6eTOHa 1 HaNpsKEHWe Ha YPOBHE €ro LLeHTpa TAXECTH;
Asj, Zsxj, Zsyj, O sj - Nnowaab, KOOPANHATHI LLEHTPa TSXECTN j-r0 CTEPKHS apMaTypbl 1 HANPSHKEHNS B HEM;

£0 - OTHOCUTENbHas aechopmaLisi BONOKHa, PacroNioXXeHHOro Ha NepecedeHnn BbIGpaHHbIX OCEN;

11
T 'rJ' - KbuBU3Ha I'IpO,ElOJ'leOVI OCK B paccmMmaTpuBaeMoM nonepe4yHomM ceveHnmn arnemMeHTa B NOCKOCTAX OencTBust nsrnbarLmx MOMEHTOB Mxl/l

Ebtj, Estj - Mopynu ynpyroctu 6eToHa i-ro yyacTka v apmatypbl j-ro CTEPXHS;

Vbi, Vsj - KOA(HMLIMEHTbI YNIPYrocTu 6eToHa i-ro yyacTka u apmartypsbl j-ro cTepxHs. KoacbdpmumeHTbl vpjn Vsj MPUHAMAIOT MO COOTBETCTBYHOLLMM
amarpammam coctosiHna 6eToHa n apmaTtypbl, ykazaHHbIM B n. 5.8 n 5.11.

8.27.5 3HaveHns koahdULMEHTOB Vpj U Vsj OMpeensiioT Kak COOTHOLLeHNe 3HAYEHUIN HanpsKeHUn 1 gedopmau i 4N paccMaTpyBaeMbIX TOYEK
COOTBETCTBYIOLLMX MArpamMmm COCTOSHMSA GeToHa 1 apMaTypbl, AefeHHOe Ha NpUBEeAEeHHbIN MoAyrb YNpyrocTn 6eToHa Ep red,t,i U Ha MOayIb
AecbopmalLim apmaTypbl Egtj



Vi
3 ped 2 Cai (8.48)
oyl
vy = ¥
Bty (8.49)

rae Ep, red,t,i - NPVBEAEHHbIN Moaynb Aedopmaumm 6eToHa, onpeaenaemblii no dopmyne (5.7), B kotopoit B NpuHMMatoT no tabn. 5.1 8
3aBVICYMOCTYM OT TemnepaTypbl B LLEHTPe TAXECTM i-ro y4acTka 6eToHa.

8.27.6 Pacuer HOpMasbHbIX CEYEHUI )Kene3o0eTOHHbIX ArIEMEHTOB MO NPOYHOCTU NPOUN3BOOAT U3 yCJ'IOBVIVIZ

OTHOcUTenNbHas Aedopmalms Hambonee cxaToro BorokHa 6eToHa B HOPMarbHOM CEYeHUM OT A@VCTBUS BHELUHUX YCUINA &b max<Eb, ult-
MpenenbHoe 3HayYeHne OTHoCHTeNbHON AedopmaL iy 6ETOHa NPY CKATUN &p, yjt NPUHMMAIOT NPU ABYX3HA4HOI antope Aedopmaliuii 6eToHa,
paBHoii £p2 (Tabn. 5.4); Npu AedopmaLum OOHOTO 3HakKa, B 3aBUCKMOCTUM OT OTHOLLEeHUI aechopMaLimii GETOHA Ha NMPOTMBOMOMOXHBIX IPaHAX
CEYEHUs1 ANEMEHTA € U £2:

_ £]
Couir = o T (Eaz - an)_
£ (8.50)

OTHOcuTenbHas aedopmau s Hanboree pacTAHYTOrO CTEPXKHA apMaTypbl B HOPMarnbHOM CEYEHUM ANIEMEHTA OT BHELLHUX YCUIMIA £ maxs
&s,ult- NpeaernbHoe 3HavYeHne OTHOCUTENbHOW AeopMaLUv YArMHEHVS NPUHUMAIOT paBHON £g2 (M. 5.11).

8.27.7 B xene306eTOHHOM 3ieMeHTe Npu AeCTBAN MOMEHTA W NMPOJOSIbHON CUSlbl B NIIOCKOCTU CUMMETPUM NMOMEPEYHOrO CEHEHUS U
pacnonoxeHus ocu B atow nnockoctn My = 0, D12 = D22 = D23 = 0, AedpopmaLinm GeToHa &b, max 1 apMaTYpbl £, max ONPEAENSIOT 13 peLleHns

cucTembl ypaBHeHu (8.51) u (8.52) ¢ ncnonb3oBaHnem ypaBHeHui (8.43) n (8.44)

M, =Ji‘—_)111*"1_—)13'5'0;
r

(8.51)
MN=D ! + 0.8
I 3350 (8.52)
B ypaBHeHuAx (8.51) 1 (8.52) »eCTKOCTHble XapaKTepncTUKK (MaTpuL bl XXeCTKOCTW) onpeaenstoT no dopmMynam:
n3rmbHas XecTkoCcTb
Dy = ZAMZ; By peraiVu * ZAQ'Z;'EW'VQ- ;
i i (8.53)
N3rMbHO-0CeBast XeCTKOCTb
Dy = Zﬁaizbigbre\d,tivbi + Z"qugﬂjgl"g :
i Fi (8.54)
0oceBast XXeCTKOCTb
Doy = Ay Vs + > Aoy
: 1 Fe 1 1 j. 1 H (855)

[ns n3rmbaembix anemeHTOB B ypaBHeHusix (8.42), (8.47), (8.52) N =0.

8.27.8 Ecnu BHYTPEHHME yCUnns B xene3o6eTOHHOM 3reMeHTe 0KasbiBalTCst PaBHbIMU UM HECKOIbKO GOMbLUe BHELUHWX YCUMNIA OT
HOpPMaTUBHOW Harpysku [0 noxapa, To Tpebyemblii Npeden OrHeCTOMKOCTH No NoTepe HecyLuen cnocobHOCTM R Ans 3TOro anemMeHTa obecneyeH.

Xene3o06eToHHbIE 311e MEeHTbI npum nencTBumn nonepeyHbIX cun

8.28 PacyeT OrHecToMKoCTM Mo NoTepe NPOYHOCTY Kene306eTOHHBIX 3NIEMEHTOB NpY AENCTBUM NOMEPEYHbIX CUIT B YCNOBUSIX OTHEBOTO
BO3OENCTBUS NPOBOASAT HA OCHOBE MOAENN HaKMOHHbIX cedeHuit cornacHo CHulM 52-01 n CIM 52-101.

I'Ipm pac4eTe nNo MoAenn HaKnoHHbIe cevYeHUsA OOJKHbI ObITb 0becneyeHb! NPOYHOCTbLIO 3riIeMeHTa No nosioce Mexay HakKNMnoHHbIMU Ce4eHNAMNU U
NO HaKMNOHHOMY Ce4eHU 0 Ha newncrene nonepeYHbIX cun, a Takke NPOYHOCTbLIO NO HAKMOHHOMY Ce4eHUIo Ha OencTBMe MOMEHTa.

8.29 Pacuer xene306eTOHHbIX 3MEMEHTOB MO NOMoCce MeXay HaKIMOHHBIMU CEYEHUSAMW NPOU3BOAAT U3 YCIOBUS:
Qn = @p1Rpnbtho , (8.56)

rae Qn - nonepeyHas cuna B HOpMasibHOM CeYeHUW drieMeHTa OT HOPMAaTMBHOWM Harpy3ku; koadduumneHT @pq = 0,3; bt onpegensatoT no opmyne
(8.1).

8.30 Pacuyet n3rnbaembix 3N1eMEeHTOB MO NPOYHOCTN GETOHA B HEHAKIIOHHOM CEYEHUU MPOU3BOAAT U3 YCIOBUSA:
Qn < Qp + Qsw, (8.57)

rae Qp - NonepeYHas cuna B HAKMOHHOM CEYEHUM OT HOPMATWMBHOWN Harpy3ku C AnVHOM NPOEKUMM € Ha NPOAONbHYI0 OCb 3MeMeHTa,
pacrosioXXeHHyto Mo OAHY CTOPOHY OT paccMaTpUBaEMOro HaKIMOHHOTO ceveHus (puc. 8.8);

Qb - nonepe4yHasa cuna, BoCnpuHMMaemasn OETOHOM B HaKIMOHHOM CEYEHUN, onpegenaerca no q)opmyne:

Qb = Pb2Rbinbtho?/c ; (8.58)

HO ee 3Ha4eHue NpuHumaloT He bonee (2,5 Rpinbthp) v He meHee (0,5 Rpinbtho); @p2 =1,5; bt onpepensitoT no dopmyne (8.1);



8.31 lNMonepeyHas cuna, BOCMpUHMMaeMas NonepeyHor apMaTypoi B HaKNoHHOM CeYeHUU, onpegensiemasi no opmyne
Qsw = @sudsuc , (8.59)
rae gsw=0,75;
Qsw- YCUnune B nonepeyHon apMaTtype Ha eauHuLy ANVHbI AneMeHTa:
Asw= Rsw¥stAsw/Sw , (8.60)
Vst - MPMHMMAIOT MO HambonbLUen TeMnepaType NonepeYyHorn apmaTtypsbl no tabn. 5.5.

Pacuer npoun3BoOAT ANA Hambonee onacHoOW AnvHbI NpoeKUn HaKINoHHOro ce4eHnsa C, KOTOpPYH NPUHUMAaKT HE MeHee ho 1 He Gonee 2 ho

PucyHok 8.8 - Cxema ycunuid npu pacyeTe Xerne3obeToHHbIX 3MIEMEHTOB MO HAaKMOHHOMY CEYEHUIO Ha AeNCTBUE NonepedHbIX Cu npu
TPEXCTOPOHHEM Harpese

8.32 lNMonepeyHyto apmaTypy yuMThIBAOT B pacyeTe, ecnu cobntoaeTcsl ycrosue:
gswz 0,25Rptnbt . (8.61)
8.33 Lar nonepeyHomn apmaTypbl ( sy/hQ), yunTbiBaembIn B pacyeTe, AOIMKeH ObiTb He BonbLue 3HaYeHus:
Swmax'h0o = Rbtnbtho/Qn . (8.62)

lMpy OTCYTCTBUM NOMEPEYHON apMaTypbl UMK HapYLLEHUM YKa3aHHbIX Bblle TpeGoBaHWI pacyeT Npov3BoasaT 13 ycrosust (8.57), npuHumas
ycunusa Qgyy PaBHbIMU HyTHO.

8.34 Pacuert xene306eTOHHbIX 311IEMEHTOB MO HAKIMOHHBIM CEYEHUSIM Ha AENCTBNE MOMEHTOB (pUc. 8.9) B yCNOBUSIX OTHEBOTO BO3AENCTBUS
npounsBoaaT U3 YCroBus:

Mp < Mg + Mgy, (8.63)
roe Mn - MOMEHT OT HOpMaTVIBHOI;I Harpys3ku B HaKrnoHHOM ce4yeHun ¢ ,EU'IVIHOVI npoekunn ¢ Ha NpoaosibHYH OCb 3NneMeHTa, Ol'lpe,EleJ'IﬂeMbIVI oT
BHELLUHUX CMIN, pacnosioXeHHbIX MO 0AHY CTOPOHY OT paccMaTpuBaemMoro HakroHHOro ce4eHnsa, OTHOCUTENbHO KOHLL@ HaKNMOHHOIo cevyeHns (TO‘-IKa

0), NPOTUBOMNONIOXXHOMY KOHLUY, Y KOTOPOro pacnonaraerca nposepdaemMasn npogonbHaa apmMaTtypa, UCNbITbiBaOWaA pacTaXeHne oT MOMeHTa B
HaKIMOHHOM CeYeHun, Npn 3TOM yHUTbIBaKOT Hanbonee onacHble 3arpyxeHua B npeaenax HaknoHHOro cev4eHua;

Mg - MOMEHT, BOCNpUHUMaEMbIii NPOAOIIbHOW apMaTypoit, NnepecekaroLLeli HAaKNOHHOE CeYEHNE, OTHOCUTENBbHO NMPOTUBOMOMOXHOIO KOHLLa
HaKIOHHOro ceyeHus (Touka 0)

Ms=0,9Nghg , (8.64)
Ns - ycvunue B NpodonibHON pacTsHyTOW apmaTtype, NpUHUMaloT paBHbiM  RgtAs, @ B 30He aHKepoBku - No copmyne (8.14);
Mgy - MOMEHT AN nonepeYHon apmaTtypbl, HOpMarnbHOW K NPOAOSIbHOM OCK rieMeHTa, OnpeaenstoT no opmyne:

Msw = 0,5Qsne? | (8.65)

Qsw - younus B nonepeyHol apmatype, ornpegensioT no dopmyne:

Qsw=gsuc, (8.66)
rae gsw - onpegensitoT no gopmyne (8.60);
¢ - NpUHUMAaIOT B Npedenax ot hg ao 2 ho.

[Honyckaetca Npon3BoAnTb pacyeT HaKMOHHbIX CeYEeHUI, NpUHMMas B ycrioBum (8.65) MOMeHT M B HaKMOHHOM CeYeHun Npu ANVHE NPoeKUnn ¢ Ha
NPOAOIbHYIO OCb 3NeMeHTa, paBHon 2h(Q, @ MOMEHT

Msw=0,5qswho? . (8.67)



a - B nporerte; 6 - Okoro onopbl

PucyHok 8.9 - Cxema ycunuii npu pacyeTe Xerne3obeToHHbIX 3EMEHTOB MO HAKMOHHOMY CEYEHUIO MPU BO3AEWCTBMN MOMEHTOB M Harpesa

8.35 lMpm oTcyTCTBUMM NONEepeYHon apMaTypbl pacHeT HaKIMOHHbIX CE4EHUIN MPON3BOAAT U3 ycrosus (8.63), npuHMMas MOMEHT Mp, B HAKIOHHOM
CeYeHUV Npu AIMHe NPOEKL MK C Ha NPOAOSbHYIO OCb dnieMeHTa, paBHon 2hg, a MOMeHT Mgy, = 0.

Ecnn ycnosus (8.56, 8.57 n 8.63) BbINOnHAOTCA, TO Npeden OrHECTOMKOCTU obecneyeH.
CraTMyecku HeonpeaenuMbie KOHCTPYKLMU

8.36 B ctaTuyecku HeonpeaenMbIX KOHCTPYKLUSIX, BbINOMHEHHbBIX U3 MOHOJIUTHOIO Xerne3obeToHa (nnutax, 6ankax, purensx u KorioHHax),
OrHEeCTOWKOCTb Gornblue, YeM B cOOpHOM >xene3obetoHe. OgHAKO B MHOMOMPONETHbLIX MHOTO3TaXHbIX 30aHUAX U COOPYXXEHWUAX NPU FOKanbHOM
noxape B OAHOM NPOSIETe UMM Ha OHOM 3TaXe B3aUMOAENCTBME OTAENbHbIX MOHOSIMTHO COMPSKEHHbIX 31IEMEHTOB NPUBOAMT K BO3HUKHOBEHUIO
[OOMOJSTHUTENBHBIX YCUNWI B APYrvX NporeTax, rae HeT noxapa.

8.37 Yeunusa B cTaTUyecky HeonpeaenMMon KOHCTPYKL MM CHavana onpeaensoT no oopmyrnam CTPOUTENbHOW MeXaHWK/ Kak B YNpyrov cucteme.
EAuHWYHbIE 1 rpy30Bble NepeMeLLeHns onpeaenstoT ¢ noMoLLbo dopmMynbl Mopa, B koTopor casurosble Aedopmaiinmg, Kak npasuso,
oTOpacbIBaoT.

MepemelLeHNs B OCHOBHOW CUCTEME, Bbl3BaHHbIE BO3AENCTBMEM TEMMNEPATYPhI B i-M HanpasneHWu, paBHbI:

i i
Ay, = ZJM,. (1 ), drx + J?uﬂandx,

(8.68)
rae Mjw Nj - narnbaromn MOMEHT M NPOAONbHAs CUMa B CEYEHUN  X-3fIEMEHTa OCHOBHOWM CUCTEMbI OT AEUCTBUS B i-M HanpasneHuu
COOTBETCTBYIOLLEN eANHUYHON CUMbl;

(1/nNtx €tx - TeMnepaTypHble KpMBU3Ha U AedpopManMsa  x-areMeHTa, Bbl3BaHHbIE OrHEBbIM BO3AENCTBUEM.
M3arnbaroLwmii MOMEHT OT HepaBHOMEPHOIO Harpesa Mo BLICOTE CeYEeHUs AnieMeHTa, 3a4enaHHOro Ha onopax, a Takke B 3aMKHYTbIX pamax
KOJbLLEBOrO, KBaApaTHOMO 1 NPAMOYTOSIbHOTrO 04ePTaHNIA, UMEOLLMX OANHAKOBOE CeYeHre, onpeaenstoT no dgopmyne:

M= (InNtD , (8.69)

rae (1/r)¢ - TemnepaTypHast KpMBU3HA;

D - »eCTKOCTb ceveHusi B npe,u,eanoﬁ no NPOYHOCTU CTagnn.

I'Iponoanble TeMnepaTypHble /:leqoopmaumm B ene3006eTOHHOM 3rIEMEHTe MOrYT BbI3BaTb HANPAXeHUA CxXaTua npu HecMmelaemMblX onopax un
yBenn4yeHne aKCUEeHTpUcnTeTa CXUMaIOLLEN CUMbl B KONIOHHaX OT TeMmnepaTtypHoro yannHeHua purensa.

8.38 B anemMeHTax cTaTuyecku HeonpeaenuMblx Xene3o6eTOHHbIX KOHCTPYKLMIA OT CUMOBbIX Y OTHEBbIX BO3AENCTBUIA NPOUCXOaUT
nepepacnpeaeneHue ycunuii. Pacyet B ynpyroi cucteme sIBMSIETCS OPUEHTUPOM AN yyeTa nepepacnpenerneHnst yeunuin METoAoM NpeaersHoro
paBHoBecusI.

MepepacnpeneneHve ycunmii NPOUCXoaUT OT Pa3BUTUS NNacTUYeckux aedopmalinii apMaTypbl B 6eToHe M 06pa3oBaHusl U packpbITUS TPELLMH B
MOMEHT MUCYEPNAaHUS HECYLLIEN CNOCOBHOCTUN ANIEMEHTA CUCTEMbI. YCUMNUS B K&XOOM 3NIEMEHTE KOHCTPYKLMM OrpaHuyeHbl npederbHbIMU
YCINOBUSIMU, C JOCTWKEHWNEM KOTOPbIX AedhopMaL My 3THX 3NeMeHTOB MOTYT AOCTaTO4HO CUMNbHO BO3pacTaTb, 06pa3oBbiBasi NnacTuyeckve
LWapHupsbl. MnacTuyeckue LWapHVpbl NPEBPALLAOT CTaTUYECKV HEONPEAENMMYIO KOHCTPYKLMIO B USMEHSIEMYHO, B KOTOPOIA pOCT AechopmaLinii
npoucxoauT 6e3 Bo3pacTaHusi ycunmid. CTaTmyeckn HeonpeaenumMyto KOHCTPYKL MO B COCTOSIHAW NpefenibHOro paBHOBECUS criefyeT
NpeacTaBnAaTb Kak pasaereHHyo Ha YacTy MnacTUYeCKMU LWapHUpamMu.

8.39 CornacHo nonoxeHnsamM MeToda npeneribHoro paBHOBECKS B OAHOMPONETHoW Ganke, 3afenaHHoN Ha onopax, Npu yBeNMYeHUN paBHOMEPHO
pacnpefeneHHo Harpy3kv cHavana obpasyroTcst nnacTMyeckue LWapHUpbl Ha onopax, a 3atem - B nponete (puc. 8.10).



8.40 B cTraTnyeckun HeonpeaenuMomMm >ene3o6eToHHOM anemMeHTe, 3aferiaHHOM Ha ornopax, 0T OAHOCTOPOHHEr0 OrHEBOro BO3AEWCTBUSI BO3HMKAET
TemnepaTypHbIi MOMEHT, KOTOPbIA NPUBOANT K 06pa30BaHUIO MNACTUYECKVX LIAPHUPOB Ha Onopax, e MOMEHTbI OT Harpysku u
TemnepaTypHOro nepenaga no BbiCOTe cevyeHus cymmupytotcest (cm. puc. 8.10).

TemnepaTypHble ycunus BiusioT Ha o6pasoBaHme NNacTUYecKMX WapHUPOB, HO 3HaYeHNE MX CHkaeTcst Ha 50 % 13-3a pasBuTHS NacTUYeCcKUX
dedopmauuii 6eToHa M apMaTypbl, HAarpeThIX 40 BbICOKMX TeMMepaTyp. Yeunus npu o6pasoBaHnm NiacTUYeckmx WapHUpoB ByayT paBHbI:

Mow = Mo + 0,5M¢, (8.70)
rae Moy, Mo u - Mg - MOMeHTbI Npy 06pa3oBaHUM NACTUYECKMX LIAPHUPOB Ha OMopax OT Harpy3ku U OrHEBOTO BO3AEWCTBYUS.

B nponete MOMEHT OT Harpysku CHUXaeTcs M3-3a 06pa3oBaHna TemMnepaTypHOro MOMeHTa Apyroro 3Haka. MNocrne o6pa3oBaHnst OMOPHLIX
NIacTUYECKMX LLIAPHUPOB XKene306eTOHHbIM aNeMeHT NPeBPaLLaeTcs B CTaTUYECKU ONpeaeriuMyro KOHCTPYKLUIO. TemnepaTypHblii MOMEHT B
nporieTe YMeHbLUAETCA U OCTaETCs TONMbKO MOMEHT OT Harpysku. MonHoe paspyLueHue anemeHTa NpoucxoamT Npu 06pa3oBaHnM NNacTMYecKoro
LIapHMpa B cepeayHe NposeTa, Korda pesko YBenuymBatoTcs nnactuyeckre gedopMaiiui apmatypbl Npy 6onee BbICOKMX BENMUMHAX HArpysku 1
TemnepaTypbl Harpeea, Yem B NPOCTON Garke.

1 - MOMEHT OT paBHOMEPHO pacnpeneneHHon Harpy3ku; 2 - TemnepaTypHbIi MOMEHT OT OrHEBOro BO3AENCTBUS; 3 - CyMMapHbIi MOMEHT A0
06pa3oBaHMs NNACTUYECKMX LLAPHUPOB Ha onopax; 4 - CyMMapHbIii MOMEHT Npy 06pa3oBaHMK NIACTUYECKOTO LApHMpa B NporeTe

PucyHok 8.10 - MOMEeHTbI B CTaTUYECKU HEONPEAENMMON KOHCTPYKL MK

8.41 CHWXeHWe NPOYHOCTU CEYEHUIA Ha onopax NPOUCXOANT U3-3a Nporpesa cxaToro 6eToHa M apmaTypbl 4O BLICOKMX TEMNepaTyp.

Mpu TpexcTopoHHeM 06orpeBe ONOPHOrO CEYEHUSI CTaTUYECKM HeomnpeaenMblx 6anok GETOH CKaToW 30HbI HKHEN 1 GOKOBbIX FpaHen cedeHus,
HarpeTbIi 4O TeMNepaTypbl BbILLIE KPUTWUHECKOW, BbIKIOYaeTcsl M3 paboTbl. [MPOYHOCTL ONOPHBIX CEYEHWIA CHUXAETCS, B OCHOBHOM, 3a CHeT

HarpeBa 6eToHa cxxaTow 30HbI 4O KPUTUYECKOW TeMMNepaTypbl U, BCIEACTBUE 3TOro, yMeHbLUeHUst paboyert BbICOTbl cedeHuns (puc. 8.11.).

my6uHa nporpeBa 6eTOHa at 40 KPUTUYECKOW TeMnepaTypbl y HarpeBaeMbIxX rpaHel ceveHust 6anku HaxoauTcsi no puc. 5.1.

8.42 MpO4HOCTb MPONETHBIX CEYEHNI CHMKAETCA 13-3a HarpeBa pacTsHyTON apMaTypbl 40 KPUTUYECKOW TemnepaTtypbl.

PaspyLueHne cedeHnin NPOMCXOANT OT CHUXKEHWS HOPMAaTUBHOTO COMPOTUBIEHNS HarpeTol apMaTypbl 40 pabounx HanpspKeHUN.
MpexxaeBpeMEHHOO PaspyLLEHNs CKaTOl 30HbI MPOMETHbIX CEYEHUI 10 Havana yBenMUyeHusi NnacTuiecknx aecpopmarmii apmaTypbl He
NMPOMCXOOMUT, Tak Kak OHa HaXOAWUTCS NMOA AEWCTBUEM MEHbLUMX YCUMWIA, YeM [0 Hayaria OrHeBOro BO3AeWCTBMS. MPOYHOCTb NPONETHBIX CEYEHNI
CTaTUYECKN HEOMPEOENMBbIX XXene306eTOHHbIX Ganok NpU TPEXCTOPOHHEM OTHEBOM BO3AENCTBUM BbIMMCHSIOT No dopmyne (8.9).

PucyHok 8.11 - Cxema ycunuii 1 antopa HanpsikeHUii B ONOPHOM Ce4YEHUM, HOPMaribHOM K MPOAONbHOWM OCK 3rmbaemMoro ctaTu4ecku
HeornpeaenMmoro ene3obeToOHHOro aneMeHTa, Npu TPEXCTOPOHHEM 060rpeBe CXaTol 30HbI NPU NoXape U pacyeTe OrHeCTONKOCTH



8.43 [ns cTaTnyecky HeoNpPeaenMMbIX KOHCTPYKL A NPEAEn OrHECTOMKOCTY PacCUUTLIBAOT CreayoLLyM 06pasoM.

8.43.1 YcTaHaBnMBaloT BO3MOXHOCTb OrHEBOTO BO3AEWCTBUSA Ha BCE HECYLUME SNEMEHTBI CUCTEMbI Y X MUHWUMAaTbHbIE Npeaeribl OrHeCTOMKOCTU
Mo noTepe HecyLleln cnocoGHOCTY.

8.43.2 TennoTexHn4eckum pac4eToM nnm no matepuanam I'IpI/IJ'IO)KeHI/IVI A n b ot Bo3aelcTBMA CTaHOapTHOro noXxapa AnuTenbHOCTbIo,
COOTBeTCTByiOIJJ,eI;I NPUHATOMY npegeny OrHECTOWMKOCTW, HaxoaaT TeMnepatypbl Harpesa 6eToHa un apMaTtypbl B nonepe4yHomMm ce4eHnn HecyLlero
drieMeHTa CUCTeMbI.

8.43.3 [Ing kaxgoro anemeHTa oT HEeNnpoaoJIKNTENbHOIO nencTens HOPMaTUBHbIX MOCTOAHHbIX N BOEMEHHbIX ANTUTENTbHbIX HAarpy30K HaxoOAaT Ux
Heﬁ]‘lal’OI'IpVIHTHOG co4veTaHune.

8.43.4 lMpy pacyeTe ynpyroi cUCTEMbI CTaTUYECKU HEOMPEOENMMYIO KOHCTPYKLIMIO MYTEM YCTPaHEeHWUs NMULLHUX CBS3el NpespaLlaloT B
N3MEHSIEMYIO CUCTEMY.

8.43.5 Merogom npeaenbHOro paBHOBECUA ONA pacyeTa Hecyu.leﬂ cnocobHocTn MCcnonb3yrT nepepacnpeneneHna yCVIJ'IVIl7I N N3MEHAKT
3Ha4YeHUA NNLHUX HEN3BECTHDbIX, MOJIyYEeHHbIX U3 pacyeTa no ynpyr017| cnucreme.

8.43.6 No HangeHHbIM 3HaYEHVAM YCUMUIA ONPEeAENnsoT XECTKOCTb cedeHuns. )KecTkocTb criefyeT onpeaensTth no NpuBeAeHHbIM CEYEHUSM C
YYETOM HanmMuusi TPELWH OT OrHEBOrO BO3AEWCTBUSA MO BCEW AfMHE 3NEMEHTa U U3MEHEHN M3NKO-MeXaHUYECKMX CBOMCTB BeTOHa 1 apMaTypsbl
oT Harpesa. [py onpeneneHn NpPUBEAEHHOIO CEYEHNS CedeHne pa3brBatoT Ha Y4acTKU NO BbICOTE U LWMpUHE. BETOH 1 apmaTypy kaxaoro
y4yacTka NpuBOAAT K HeHarpeToMy, 6oree npoYyHomy 6eToHy. XKeCcTKOCTb 311eMEHTOB MO BCeW ero AfIMHE MOXET ObITb onpeaeneHa MeToaom
nocrenoBaTenbHbIX NPUONUKEHWIA.

8.43.7 TemnepaTypHble ycunusi n gecopMauum yunTbiBaloT OT HEPAaBHOMEPHOIo Harpesa Mo BbICOTE CEYEHUs ArieMeHTa 1 OT TemnepaTypHOro
paclumpeHus No AnuHe anemMeHTa.

8.43.8 TpebyeMblii npeaen orHecToMKOCTU KaXaoro anemeHTa byaer obecneyeH, ecrnm ycunusi oT HOPMaTUBHOW Harpysku 1 TemnepaTtypbl 6yayT
6osbLue U1 paBHbl YCUNUSAM OT HOPMAaTWBHOW Harpysku 4o noxapa.

8.44 lMpun npoBepKe NPOYHOCTU CEYEHMI XKENE306ETOHHbIX 31IEMEHTOB B YCMOBUSIX OTHEBOIO BO3AENCTBUSI MOXHO UCMOSb30BaTh METOA KOHEYHbIX
3NEeMEHTOB.

HecyLuyto cnocobHOCTb aneMeHTa B HOPMarnbHOM Pac4eTHOM CE4YEHUM ONPeaensitoT CyMMOW HecyLLen CNOCOBHOCTM OTAENbHbIX KOHEYHbBIX
3MeMeHTOB (BETOHHbIX U apMaTypHbIX), Ha KOTopble pasbuaetcsi ceveHne. OLeHKa HecyLLEe CNOCOBHOCTU KaXaoro anemeHTa (6eTOHHOrO U
apmMaTypHOro) ocHoBaHa Ha npeABapuTeSlbHOM BbISIBIIEHUN CTENEHN U3MEHEHMUSI MPOYHOCTHbLIX 1 AedopMaTUBHbIX CBOUCTB GETOHa U apMaTypbl
B CE4EeHUUN paccMaTpuBaeMoro afemMeHTa, Npy 3aJaHHol ANUTENbHOCTU TeMnepaTypHOro BO3OENCTBIS B YCIOBUAX «CTAHAAPTHOMO noxapa.
Mpy 3TOM NPOYHOCTb M AedhopMaTUBHOCTb BGETOHA U apMaTypbl B KaXXOOM KOHEYHOM 3neMeHTE YCTaHaBMMBAtOT MO TeMNepaType B LLEHTpe
3reMeHTa, KOTOpbI OHOBPEMEHHO ABSETCA Y3IIOM KOOPAMHATHOW CETKM, HaKNaabIBaeMo Ha nornepeqHoe ceveHne KOHCTPYKL UK Npu
onpeaeneHuy TemnepartypHoro nons (n. 6.2).

B pacyeT BKINK4aloT TONbKO T€ KOHEYHbIe BGETOHHbIE 3IEMEHTHI, KOTOpble pacrnonaratTcs B CKaTON 30He. KoHeuHble apMaTypHble 3NeMEeHTbl
YUUTbIBAOTCA NOJIHOCTbLIO, HE3AaBUCUMO OT PacCnosioXeHUa B cxaTon nmm paCTﬂHyTOVI 30Hax ceveHund.

BbicoTa cxaTow 30HbI ce4eHUsi B NepBoM NpubnmkeHnn 3agaercsa BenvuuHon, pasHon (0,4 - 0,5) hQ, v B ganbHenweM KOppeKTUPYEeTCS Ha OCHOBE

YOOBMNETBOPEHNA HEOBXOAMMOTO YCINOBUSA MPEAErbHON0 COCTOSAHMS KOHCTPYKL UM B pacCMaTpUMBaeMOM NPOMEXKYTKE BPEMEHW OrHEBOro
BO30ENCTBUS.

8.45 B o6LieM crnyvae pacyeT npefena orHecToMKOCTU Mo NoTepe HecyLUel CroCcoGHOCTM CTaTUYeCKu HeONPeaerMMOoN KOHCTPYKLUK
OCYLLECTBSIETCS METOAOM NMPefenbHOro PaBHOBECUS B 3aBUCMMOCTU OT CXEMbl Pa3pyLUEHVSI CUCTEMBI B LIENOM, KOrja OHa NpeBpaTuTCs B
MexaHuam. OfHako 3a Npeaen OrHECTOMKOCTY KOHCTPYKL MW CrielyeT NPUHUMAaTh MUHMMATbHbIN NPeaen OAHOTO HECYLLEro ANEMEHTa CUCTEMBI.
HacTtynneHue npegena orHeCTOMKOCTY OOHOMO HECYLLEro 3rieMeHTa CUCTEMbI He BCeraa NPUBOANT K OBPYLLEHMIO BCel KOHCTPYKuMn. OgHako ¢
NPaKTUYEeCKOW TOYKN 3PEHUs], TaKo BUA OTKa3a HEOBXOAYMO YUNTLIBATD.

PacueT nnuTbl 6€36ano4Horo nepekpbITUA

8.46 INpy 04HOCTOPOHHEM OTHEBOM BO3AEWCTBUN CHWU3Y NIIMThI OTHECTOWKOCTb 6e36anoyHOro ene3obeToHHOro NepekpbITUs, 06pa3oBaHHOIO
FJ'IaD,KOI7I I'IJ'II/ITOI7I, KOTOpas XeCTKO conpsAraeTca ¢ nogaep>xXnMBaroLlLMMN ee KONToOHHaMu, onpeaendatoT MeToaoM npeaenbHoro paBHoBecus npn
pacyeTe NPOYHOCTM MAUTLI HA U3MOM MNOMOChI NAUTLI BAOMb UMW nonepek NokpbITus (puc. 8.12).

PacyeT Ha 13nom OTAEenbHOWM NONepeYHoN UM NPOAOIbHOW NOMOCHI NANTLI MPOU3BOAAT B MPEANONIOKEHNW, YTO B paccMaTpusaemoi noroce
NnMTbl 06pasyTCA NMHENHbIE NacTUYeckue WapHUpbI, NapannenbHble OCK 3TOW NOMOChl: OAWMH MUHEWHbIA NNACTUYECKMIA LIAapHUP B NponeTe ¢
packpbITUEM TPELLUMHBI CHU3Y MAUTLI U N0 OAHOMY NIMHENHOMY NIACTUHECKOMY LLUAPHUPY Y KONIOHH C PackpbITUEM TPELLMH CBepxy niuThl. B
KOHCOMbHOM CBece NNnuThbl, BbICTyNatoLeM 3a KpaHUA pag KOMOHH, NPUHUMAaEeTCS, YTO NNacTUYeckuin WapHUp He obpasyercs, ecnm cBec
KOHconM He npesbiwaet 0,25/1. Ecnn ceec koHconm 6onbLue, TO MPOM3BOAAT AOMNOMHUTENBHBIA pacyeT no dopmyrne (8.71) Ha usnom NnnThI

KOHCOJIMN Y KOJIOHH C 06paSOBaHVIeM OONONTHUTENTbHOro NNacTU4eCKoro wapHupa, napannenbHOoro Kpak nepekpbiTua. Onsa KOHCprKLWIVI,
CUMMETPUYHbIX OTHOCUTENBbHO cepenHbl paCCManVIBaeMOVI nonochkl, NPOBEPKY NPOYHOCTU CpeHUX naHeneu BeOyT U3 yCnoBua:

2
gl — 22 .
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rae q - UHTEHCMBHOCTb HOPMAaTWBHON NOCTOSIHHOWM U BPEMEHHOW ANUTENbHOW Harpyaki, paBHOMEPHO pacnpeaeneHHo no nonoce Ha 1 n.m, ¢
KoadhpLIMEHTOM neperpysku yf= 1;

11, I2 - paccTosiHMe Mexay PSAaMM KOMOHH B NepneHAnKYNSpHOM HanpaeneHuy 1 Boonb paccmaTtpreaemMoi nonocel (puc. 8.12);

C - PaccTosiHMe OT KpalHWX NNAacTUYECKUX LLIAaPHMPOB A0 OnKxanwmx K HUM PSA0B KOIOHH;

Agl, A's/ - nnowagb BepxHen pacTaHyTON apMmaTtypbl B IEBOM 1 NPaBOM OMOPHbIX MAACTUYECKMX LApHUpaXx B npeaenax ogHoN NnnThbl;
As1 - NNowWwaab HWKHEN pacTsaHYTON apMaTypbl B CPeAHEM MPOMETHOM NacTUYeCKoM LapHupe B npeaenax oaHoN ManThI;

Z|, 1, Z'| - NNIe4N BHYTPEHHEN Napbl CUM B TIEBOM, CPEAHEM M NMPABOM MNacTUYECKUX LapHUPax COOTBETCTBEHHO, KOTOPbIE OnpeaensoT no
dopmyne:

z| = hg - 0,5x;, (8.72)



rie BbICOTa CKaToMn 30HbI B npaBoOM U 1IeBOM OMOPHbIX NS1aCTUYEeCKNX LWapHMpax onpegensderca no q)opmynaM:

= R.sn"q.sf . [ RsnA;I
I £y :
Rpned (8.73)

Rymely

B dopmyne (8.73) Rpnt onpeaensitoT no dopmyne (5.1), NpuH1Masn 3HayeHns ypt no Tabn. 5.1 B 3aBUCUMOCTM OT cpefHen TemnepaTypbl 6eToHa
cXaTou 30HbI. [lonyckaeTcs 3Ha4YeHue ypt NpMHMMaTh paBHbIM 1 Npu 3ameHe hQ Ha hot koTopoe onpedenstoT no dopmyne (8.8).

BricoTa cxxaTol 30HbI B CpeJHEM MPOSIETHOM MIIaCTUYECKOM LLIAPHUPE paBHa:

Rsn!‘qsl

Il = .
Ryl (8.74)

B dopmyne (8.74) Rgnt onpepensitoT no copmyne (5.8), npuHumasn 3HavyeHns yst no Tabn. 5.5 B 3aBUCMMOCTU OT TemnepaTypbl apMaTypbl Ha
ypOBHE ee oCH.

Temnepatypy 6eToHa 1 apmaTypbl ONpeaensaoT TenoTEXHNYECKMM pacyeTom Ansa Tpebyemoro npefena orHecTomkocTu (npunoxernsa A n b).
Ecnu ycnosue (8.71) BbinonHsieTcst, To Tpebyemblvi npeaen orHectonkocTy obecnedeH. CxaTyto apMaTypy B N1aCTUYECKMX LAapHUpax He
YYUTbIBAIOT.

a - c o6pasoBaHeM naparnnenbHbIX Kpato NAUTbI NNACcTUYECKUX LAPHUPOB; 6 - ¢ 06pa3oBaHMeEM NEPNEHAMKYIISIPHBIX Kpato NiacTU4ecKkux
LIAPHMPOB; 1 - MNHENHBIA NNACTUYECKUI LIAPHUP OKOMO KOMOHH C PACKPbITUEM TPELUMHbI CBEPXY NIUTbI; 2 - FIMHENHDBIN NNAacTUYECKUIA LAaPHUP B
cepeavHe nporeTa ¢ packpbITUEM TPeLUMHbI CHU3Y MAWTbI

PucyHok 8.12 - Cxema n3rnioma naHenen B 6e36ano4HoM nepekpbITUM NpU 0OHOCTOPOHHEM OTHEBOM BO3AEMCTBUM CHU3Y MANUTbI

lMpu npuMeHeHUM KBagpaTHbIX UMK NMPSIMOYTOSIbHbLIX B NaHe KanuTeneln ¢ HakIMoHOM HUXKHEWR YacTy KanuTenn He MeHee YeM Ha 45° pacyet Ha
M31I0M NaHerne NpousBoasAT Npy PacnonoXeHUM OMOPHbIX NACTUYECKUX LLAPHMPOB MO MECTY NepenioMa o4epTaHus kanuteneii. Mpu aTom B
dopmyne (8.71) 3HaueHwue ¢ = I/2, rae Ik - AnvHa kanuTenwu.

PacyeT nnuT 6ano4YHoro nepekpbITMA

8.47 lMpy 0AHOCTOPOHHEM OTHEBOM BO3AENCTBUM CHU3Y NEPEKPBITUS, OTHECTOMKOCTb NIUT, paboTaroLmMxX B ABYX HANPaBMneHUsIX U MOHOMUTHO
CBsi3aHHbIX ¢ 6ankamu, onpeaensitoT KMHeMaTU4eckuMm cnocobomM mMetofa npeaenbHoro pasHoBecks. MpegnonaratoT, YTO NAUTa pasnamblBaeTcst

Ha nriockne 3BeHbsl, CoOeQMHEHHbIE MexXay coBol No NMMHUSAM U3rnoma nracTudeckumm wapHupamu (puc. 8.13). MNpu paBHOMepHO
pacnpefeneHHon Harpyske 1 HEM3MEHHOM MO AnvHe NposieTa apMMpPOBaHUK Npeaen OrHECTOMKOCTU NIUTbI ONPEAEnsoT U3 ypaBHEHUS:
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rae /1 v 2 - MeHbLMIA 1 BonbLUMIA NPONeThl MUTHI;
q - HOpMaTKBHas NOCTOSHHAA ANMTENbHasA U BpeMeHHasi PaBHOMEPHO pacrpeferneHHas Harpyska Ha 1 m 2 nnute.
MomeHTbI B nporeTe NAnTbl ONpeAensioT no cneayowmm dopmMynam:
My = A Rogz s My = ARz, (8.76)
MoMeHTbI Ha onopax NnMTbl oNpeaensitoTcs No popMynam:
My=AR, g Mp=AgRn:
Yrto_ ¢ PN FY ’ ¢
Mp=AR,gr. Mp=ApR, 75, (8.77)
rae Agq - NNoLaab CEYEHNs CTePXHEe, NepecekatoLLmX NPoneTHbIe NacTUYeckne WapHUpbl U NapannenbHbIX KOPOTKON CTOPOHE MANTbI;
Ag2 - TO Xe, Ans CTepxHen, napannenbHbiX ANIMHHON CTOPOHE NMUThI;
Ag/ - nnowagb cev4eHns pacTaHyToN apmaTypbl, pacnorioXXeHHON BOonb nponeta /2 B cedeHun |-
A'g/ - nnowage ceveHns pacTaHyTON apmaTypbl, PacrnonoXeHHON Baonb nponeta /2 B cevyeHun [I'-I';
Ag/| - Nnowwaab ce4eHns pacTsSHyTOW apMaTypbl, pacnonoXeHHon Baonb nporera I, B cedyexun lI-1I;

A'gll - NNowaab ce4eHnss pacTaHyTON apMaTypbl, pacnosioXeHHOW Baornb nposora [, B cedeHun II-II';



Z4, 2 - NNeYv BHYTPEHHEW Napbl CMN B MPOMETHbIX NACTUYECKUX LapHMpaX, BelMMCIATCA No dopmyne (8.72), B KOTOPON X1 ONpeaensoT no
dopmyne (8.74), a npu BbluMcneHnn x B oopmyne (8.74) 3HaveHue Agq1 3aMeHsI0T Ha Ag2 a BMECTO 3HayeHuns [ noacTtaensoT /1.

z|, Z', zJj, Z'|], - NNeY BHYTPEHHEW Napbl CUN B ONOPHbIX NNACTUYECKNX LIAapHUPaX, BbIMMCNAIOT no dopmyne (8.72), B KOTOPON x| U X
'KonpepensitoT no cdopmyne (8.73). Mpwu BbiumncneHnn  xjj n X' B dopmyne (8.73) 3HaueHue Agf n A's| 3aMeHsII0T COOTBETCTBEHHO Ha Agjjn A'gjl, a
BMECTO 3Ha4eHus /2 noactasnaT /4.

a - cxeMa msnoma nmuThbl; 6 - HanpasneHna aenctens npeaenbHbIX MOMEHTOB; 1-4- HOMepa 3BEHLEB; 1, 2" - LapHNPbl COOTBETCTBEHHO
NPONETHbLIE U ONOPHbIE

PucyHok 8.13 - K pacyety nnnTbl, 3aLLEeMIIEHHON MO KOHTYpPY

lMpu onpepeneHnn 3HaueHnin Agq U A2 CTEPXHW, OTOrHYTbIE UNW 06OpBaHHbIE IO NEPECEUYEHMS C MPOSIETHBIMU LIAPHUPAMK, HE YYNTbIBAIOT
(pvic. 8.14), a 06opBaHHbIE UMK OTOTHYTbIE TOMNLKO Y OAHOW U3 OMOp Y NepecekatoLLme NPOMETHbIE LWAPHUPbLI OQHWM U3 KOHLLOB, BBOAST B pacyeT
C MOMOBWHHOW NIoLaabHo.

1 - NUHMS 06pbiBa UNM oTrMba CTEepPXKHEN; 2 - HE YUMTbIBaeMble B paboTe CTepxHU

PucyHok 8.14 - K onpegenennio Agq n Ag2 ANS NAUTbI, 3aLLEMIIEHHON MO KOHTYpPY

Ecnu apmatypy obpbiBatoT (0TrnbatoT) Ha pacCTossHUM a4 OT ASIMHHOMW U a2 OT KOPOTKOW CTOPOH, TO HEOOXOAUMO AOMNOSHUTENBHO BbINOMHUTL
NpOoBEpPKyY MO HecyLUel CNOCOBHOCTM NANTLI MPU M3NIOME NO CxeMe, NMoKa3aHHOoW Ha puc. 8.15. 3Ty NnpoBepky NPOU3BOAST U3 YCIOBUS:

oM+ M+ M, M+,
gy — e, +ia1a2 £ L ! L+ 2 z £,
3 a @ (8.78)

me M1 = Bandnz, i My = Ropdpzo i A0 Ay nnowapu noxonswwei o 0rop YacTu pacTsHYTOM apMaTypbl, NapannernsHoil COOTBETCTBEHHO
KOPOTKOW W ANMHHOI CTOPOHAM MAUTHI.

Ecnu ycnoswe (8.75) nunm (8.78) cobritoagaetcs, To TpebyeMmbiii npeaen OrHeCTONKOCTY NNUTLI obecneyeH.



PucyHok 8.15 - BoamoxHasi cxema n3noma nnuTbl npu obpbiBe unm oTrbe apmatypsl
PacueT xene306eTOHHbIX NMUT Ha NpoAaBrnBaHue

8.48 lMpn 0AHOCTOPOHHEM OrHEBOM BO3AENCTBUM CHU3Y NIUTbI pacyeT Ha NpoAaBnvBaHue ene3obeTOHHbIX MANT NPOM3BOASAT NPy AEUCTBUM Ha
HUX MECTHbIX, HOpMarnbHO K MMOCKOCTU NNNTbI, KOHLUEHTPUPOBAHHO NPUNOXEHHbIX COCpe,EI,OTOLIeHHOVI CUnbl N I/I3FI/I6aI'OLL|,eFO MOMEHTa. |-|pl/|
npoBepke NPOYHOCTU NNNTbI Ha NpoaaBnnBaHNE B YCNOBUAX OAHOCTOPOHHEro OrHeBoro BO3,EI,el7ICTBI/IH CHMN3Y NNNUTbI pacCcMaTpmMBarOT pacyeTHoe
rnonepeyHoe ceveHne, pacnonoXeHHoe BOKPYr 30HbI Nepeaaym yeunuin Ha Nty Ha pacctosiHum 0,5h0, HopMarnbHO K ee NPoAOorbLHOM 0cu, Mo

NOBEPXHOCTU KOTOPOro ,D,el;ICTByI'OT KacaTtellbHble yCunmsa ot COCpeﬂOTO‘-IEHHOVI CUnbl N |/|3rv|6a|ou4ero MOMeEHTa.

[encTBylolme kacaTenbHble YCUNUSt JOMKHbI ObITb BOCMPUHATEI GETOHOM C HOPMAaTMBHBIM CONPOTUBNEHNEM BETOHA PacTsXEHUO  Rpint U
pacnornoXxeHHOW No 06e CTOPOHbI OT PACYETHOrO NONEPEYHOro cedeHusl Ha paccTosiHumM 0,5h0 NnonepeyHo apmaTypor ¢ ConpPOTUBNEHNEM
pacTsXeHNo Rgyt. YUET BIUSIHUA BbICOKOTEMMNEpaTypHOro Bo3aencTeus Ha 6eToH npom3eoanaT no dopmyne (5.2). Haxopsat 3HayeHus Rpint,
npvHUMas cpefHee 3HayveHne koadduuneHTa yit.

[Ins onpepeneHnst cpegHero 3HayeHns koML MEHTa Yyt Ce4eHNe NNUTbl MO BbICOTE pa3bunBaloT He MeHee YeM Ha 5 vacTen. [ing Kaxgon Yactu
CeYeHNst HaXOAAT CpeHIo TeMnepaTypy ee Harpesa v no Hew (No n. 5.2) onpenensioT 3HayeHre koaddmumeHTa yit. 3Has 3HaYeHnst
KO3PPNLIMEHTOB Yt ONS CPeAHeNn TeMnepaTypbl KaXAOW YacTu CeYEeHUs, UX CYMMUPYIOT, AENSAT Ha KOMMYECTBO YacTen 1 NonyyalT CpeaHun
KOIPPULMEHT yit. YUHET BMINSIHUS BbICOKOTEMMEPATYPHOIo BO3AEWCTBUSA Ha NMONepeYHyo apmaTtypy npom3eogsaT no dopmyne (5.9). HaxogaT
3HavyeHve Rgyt NPUHMMas kKoaddULIMEHT vt Mo Tabn. 5.5 ona makcumanbHOn TeMnepaTypbl MONepeYHon apMaTypbl.

8.49 PacyeT xene3o6eToHHOI NNUTLI Ha NpoJaenvBaHve 6e3 nonepedHon apmMaTypbl Ha AefCTBYE COCPe0TOYEHHON CUMbl MPOU3BOAAT U3
YCIoBUS:

F = Rptntuho, (8.79)
rae F - cocpefoToYeHHasi curna oT HOPMaTUBHOM Harpysku NepeKkpbITUS Ha KONOHHY;

U - NEPUMETP KOHTYpa PacYeTHOro NOMNEPEeYHOro CEYEHUsI, PacroNoXEHHOro Ha paccTosiHum 0,5 hQ OT rpaHuubl NoLWaaKM onupaHus
cocpefoToYeHHom cunbl F (puc. 8.16).

1 - pacyeTHOE Nonepe4Hoe CEYEHUE; 2 - KOHTYP PACYETHOTO NOMEPEYHOrO CeYeHUs; 3 - KOHTYP MIIOLAAKM NPUNOXKEHUS HArpy3ku; 4 -
TeMnepaTypa Harpesa 6eToHa Mo BbICOTE MNUThI; 5 - cpeaHsis TemnepaTypa yyacTka Mo BbICOTE MUTbI

PucyHok 8.16 - Cxema ans pacyeTa xene3o6eToHHO NNuThI Ha NpoAaBnuBaHve 6e3 nonepeyHoin apMaTtypbl NpU OAHOCTOPOHHEM OrHEBOM
BO3OEVCTBAN CHU3Y NIUTI

lMpu NpsiMOYronbHOM NroLlaake onupaHus rabaputamu a’b nepuMeTp onpeaensieTcsa no gopmyrne:

u=2(a+b+2hg), (8.80)

rae hg - paboyas BbicoTa NNMThI, paBHas cpeaHeapuMETUHECKOMY 3HauYeHMI0 paboymx BeICOT Anst NPOAOSIbHOM apMaTypbl B HAanpaeneHun ocemn
xuny.

8.50 Pacuer xene3obeToHHONM NnuTbl Ha NpogasnMeaHve 6e3 nonepeyHon apmaTypbl Ha AEVCTBUS COCPEAOTOYEHHON CUMbl U U3rMbatoLLero



MOMEHTa NpoBOAAT U3 YCNOBUA:

F oM

—+t— S Ry

i W , (8.81)
rae M/IWp - npuHumaetca He Gonee F/4;
Wp - MOMEHT COMPOTMBMEHUST KOHTYPa PACYETHOIO NMOMEPEYHOrO CEHEHMST;
Rpint -cm. n. 8.48.
lMpu NpsAMOYronbHOI NMoLaaKe ONMpPaHNs 1 3aMKHYTOM KOHTYpe pacyeTHOro nonepeyHoro cedenns Wp onpegensiiot no cdopmyre:

ath
Wy =l(a+h) by
(8.82)

CocpenoToyeHHbIi MOMeHT M B ycrioBum (8.81) paBeH NonoBuHe cOCpeoTOYEHHOIO MOMEHTA OT BHELLUHEW Harpysku.

B xene3o6eToHHOM KapKace 3gaHua C NIOCKUMU NepeKkpbITUAMU MOMEHT OT BHELUHeW Harpysku paseH CymmapHoOMy M3FM63K)LLleMy MOMEHTY B
CevyeHnax BerHel;l M HWXKHEN KOIOHH, NPUMbIKaKOLLNX K NEPEKPbITUIO B pacCcMaTpuBaeMoM yane, a cuna F HanpasneHa CHU3y BBEPX.

8.51 PacueT xene3o6eToHHON NNMUTLI Ha NPOAaBnMBaHUE C NOMNepPeYHoi apMaTypoi Npy AENCTBUM COCPeNOTOUEHHOW CUITbl NPOU3BOAAT U3
YCroBuS:

F £ Rptntuho + 0,8 gswu, (8.83)

rae Rptntuho > 0,8qsui;

Qsw - YCWn1e B NornepeyHon apMaTtype Ha eayHULYy AnvHbl KOHTYpa pacyeTHOro NonepedHoro CeveHusl, paBHoe Npu paBHOMEPHOM
pacnpegerneHum nonepe4Hon apmaTtypbl:

Ey (8.84)

rae Asy - NroLwaab cedeHrst NonepeqHon apMaTypbl C LLAroM Sy, pacrosiokeHHasn B npegenax pacctosiHus 0,5 hg no obe cTopoHbl OT KOHTYpa
pacyeTHOro nonepeyHoro ceveHus (cm. puc. 8.17);

Syy - Lar nornepeyHbIX CTEPXHEN B HanpaBneHUn KOHTYpa NONepeYHoro CeveHns;
Rptnt v Rsyt - cM. n. 8.48.

I'Ip|/| paBHOMEPHOM pacnosfioXXeHun nonepeHHoﬁ apmMaTtypbl BOOJ1Ib KOHTYpa pac4eTHOro nonepe4yHoro cedeHna 3HadeHne U NpuHMMaeTca Kak ans
6€eToHHOro pac4eTHOro nonepe4yHoro cedeHna cornacHo n. 8.49.

3a rpaHuLei pacrnornoxeHus nonepeqHol apmaTypbl pacyeT Ha NpPoAaBnMBaHMe NPOU3BOAAT cormnacHo n. 8.49, paccmaTtpumBas KOHTYP
pacyeTHOro NonepeYHoro ceveHust Ha pacctosiHum 0,5hQ OT rpaHULbl PAcroNOXEHWS MONepPeYHOR apMaTypsbl.

8.52 Pacuert xene3o6eToHHOM NNMTbI Ha NpoAaBnMBaHUE C NOMEPEYHON apMaTypoi Npu AeNCTBAN COCPEAOTOYEHHON CUMbI U U3rMbatoLLero
MOMeHTa (CcM. puc. 8.17) Nnpon3BoasAT M3 YCroBUS:

7 . M .
(Rt + 0850 b (Rogmehiy + 08¢0 Wy ~ (8.85)

rae Rpint - cm. n. 8.48, un hg - cm. n. 8.49; Wp - cm. n. 8.50; gsy- cm. n. 8.51.

Ycnosue (8.85) NpMMEHUMO Npu paBHOMEPHOM PAaCMNONOXEHUU NONEPEYHON apMaTypbl BOOMb KOHTYpPa pacyeTHOro NonepedHoro CeYeHNs U
Korga nepBoe craraemMoe He MeHee BTOpOro.



1 - pacyeTHOE NonepeYHoe CEYEHNE; 2 - KOHTYP PACHETHOTO NOMEPEYHOro ceveHus; 3 - rpaHuLa 30HbI B Npeaenax KoTOPOK yUMTbIBaeTCs
nonepeyHasi apmaTtypa; 4 - KOHTYp pacyeTHOro nonepeqHoro ceveHust 6e3 yyeta B pacyeTe NonepeyHoi apMaTypel; 5 - KOHTYp NnoLaaku
NPUIIOXKEHUS Harpy3ku

PucyHok 8.17 - Cxema Ansi pacyeta Ha NpofaBrnmBaHWe Xene3obeToHHOW NNUTbI C BEPTUKAINbHOW paBHOMEPHO pacrnpenerieHHoN nonepeYHomn
apmaTypoW npu 0AHOCTOPOHHEM OTHEBOM BO3AENCTBUN CHU3Y NIUThI

8.53 lMpu gencrBum [o6aBOYHOrO MOMEHTA B HanpaBneHUn, HopMarnbHOM AencTBuio MoMeHTa M, B ycnosusix (8.81) u (8.85) nobaensiercsi no
TpeTbeMy criaraemMomy, KOTOpoe Mo CBOEWN CYyTW COOTBETCTBYET BTOPOMY CriaraeMOMy KaXaoro YCrioBusi.

Ecnu ycnosus (8.81) u (8.85) BbinonHsATCS Npy AENCTBUM COCPEAOTOYEHHOW CUIbl U MOMEHTa OT HOPMAaTUBHOM Harpysku 1 OQHOCTOPOHHETO
OrHEBOro BO3AENCTBNS CTaHAAPTHOrO NoXapa, TO MPOYHOCTb XKENe3o0eTOHHOW NNUTLI HAa NPOAAaBNMBaHWe COOTBETCTBYIOT TpebyeMmomy npegeny
OFHECTOMKOCTMW.

MNoTepu NnpeABapuUTeNLHOTO HaMpPsHKe HUA B apmaType
8.54 MMpy orHeBOM BO3OENCTBUN BO BpeMsl Noxapa NpoucxoaaT AOMNOMHUTENbHBIE MOTEPY NPEABapUTENBHOMO HANPSHKEHWUS B apMaType.

YyeT OononHUTENbHbIX NOTEPb NpeaBapuUTENbHOIO HanpshXeHUs B apMaType HeoGxoauM npu pacyete Aedopmaliiii U Npy peLLeHn Bornpoca
JanbHenwero Ncnonb30BaHNa KOHCTPYKL M nocre noxapa. Mpy noxape BO3HMKAOT AOMOMHUTENbHbIE NOTEPU NPEeABAPUTENBHOIO HaNPsXKEHUS
B apmartype, Bbl3BaHHbIE TeMMepaTypHOIN ycaKon U NonsyyecTbio 6ETOHA, penakcaLl e HanpsikeHWin 1 apmaType Npu Harpese M pasHOCTbIO
TemnepaTypHbIx AedpopmMan i 6eToHa u apmaTypebl.

Mpy orHeBOM BO3aeiCTBUM BETOH Ha YPOBHE NPOAONBHON apMaTypbl MHTEHCUMBHO NPOrPEBAETCS U NPOUCXOAMT TeMnepaTypHas ycaaka 6eToHa.
Hedopmauus TemnepaTypHoi ycaaku Tsxernoro 6eToHa gaxe npu kKpaTkoBpeMeHHOM HarpeBe 6osibLie, YeM Mpu HopMarbHoOW TemnepaType.
3HayeHVe NOTepb NPeABapUTENBLHOIO HaMNpPsKeHNs OT TeMnepaTypHON yCaaKn AonyckaeTcst NpMHUMaTh paBHbiM 40 MlMa.

MoTepu NpeaBapuTENbHOTO HaNPSHKeHUst apMaTypbl OT penakcaLl M HanpsKeHU B apMaType 3a CHET pasBuUTUS NnacTuyeckux aedopmauinin
apMmartypbl Npy HarpeBe 3aBUCAT OT 3HAYEHUsI HANPSXKEHWIA B apMaType 1 TeMnepaTypbl ee Harpeea.

MoTepu NpeaBapuTENbLHOTO HaNPsXeHUst B apMaType OT perakcaumMmn HanpsbkeHuii 3a 1 - 3 yaca HarpeBa JOMycKaeTcs NPMHUMaTh PaBHbIM
0,001Dts0sp. MpeasapuTensHOe HaNpPsiXeHUe B apmaTtype  Osp ONPEAENsIOT C y4eTOM BCEX NOTepb Npy HopMarsHol Temnepatype. 3aeck Dis -

pasHOCTb MexXay TemnepaTypoi Harpesa apmaTypbl NpY Noxape 1 TEMNepaTypon Npu HaTsHKEHWUN.

OT BO30ENCTBMA TeMnepaTyphbl, N3-3a pasnuynsa TemnepaTypHbIx AedopmaLunint 6eToHa n apmMaTypbl BO3HVKAIOT NOTepW NpeaBapuTenbHOro
HanpskeHusi, KOTopble MPUHUMAIOT paBHbIMU (st — apt)DisEst. 3HaveHns KoapduuneHTa apy onpeaensioT no Tabn. 5.2, koadduumerTa agt -

no Tabn. 5.6 n moayns ynpyroctu apmatypel Egt - no dopmyne (5.10) B 3aBMCMMOCTU OT TemnepaTypbl apMaTypsbl.

MoTepw NpeaBapUTEnNbHOrO HaNPsKEHUS apMaTypbl, Bbi3BaHHblE GbICTPO HaTeKatoLeN Non3y4ecTbio 6ETOHa NpU Harpese, 3aBUCAT OT
HanpsxeHui B GETOHe Ha ypoBHE NPOAOIIbHO apmarTypebl. X gonyckaercs npuHumats paeHbiMu 100pp, 1ae Opp - CKMAtOLLME HaNPshkeHns B

©6eToHe Ha ypoBHEe NPOJONbHON apmaTypbl.

B anemeHTax n3 6eroHa knaccos B30 1 Bbile, MMEOLMX NpeaHanpsiXeHne nopsaka Osp = 0,6 - 0,8Rs, nocrie OrHeBOro BO34ENCTBNS OCTaTOK
npeaBapuTeSlbHOrO HaMpPsKEHWUs ONpeaensiioT B CTEPXKHEBOW apMaType:

knacca A600:
Osp = 84 - 0,4ts (8.86)

knacca A800:



Osp =87 - 0,395 (8.87)
knaccaA1000:

Osp =92 - 0,26ts; (8.88)
B NPOBOSIOYHON apmaType knaccos Bp1200 - Bp1500, K1400 - K1500:

Osp =89 - 0,27ts, (8.89)
rae gsp * 0 - ocTaToK NpeBapuUTENbHOrO HanpskeHst B apmaType B % WCXOAHOTO 3HAUYEHWs MPU M3roTOBNEHWK;
ts > 20 - Temnepatypa apmaTtypbl npu noxape,°C.
W3 dopmyn (8.86 - 8.89) cnepyert, 4To BO Bpems noxapa OT OrHEBOr0 BO3AENCTBUSI MPOMCXOAUT MOMHas NoTepsi NpeaBapUTENbHOMO HanpsiKeHnst
B CTepxHeBow apmartype knacca A600 npu ee Harpese cabile 210 °C, knacca A800 - cebiwe 220 °C, knacca A1000 - cebiwe 350 °C, B
npoBooYHow apmaTtype knaccos Bp1200 - Bp1500, K1400 - K1500 - cBbiwe 330 °C.
lMpy HarpeBe apmaTypbl HXXe TeMnepaTyphbl, NPU KOTOPOW BO BPEMS Noxapa NponcxoauT NosiHas noTepsi NpeABapuTenbHOMO Hanps>KeHus, B
OXIaXXOEHHOM COCTOSIHMM NMOCMe Nnoxapa MOXeT HabntogaTbCs HEKOTOPOe BOCCTaHOBIEHWE MNOTEPb NPeaHanpsXeHns B apmaTtype ns-3a

pasnuunsa TemnepaTypHbIX Aecopmauuii apmaTtypbl U 6eToHa.

MoTepu NpeaBapuTENbLHOTO HaNPsHKeHUst B apMaType Npu ee HarpeBse Bbllle TemnepaTypbl, MPU KOTOPO MPOUCXOAMUT MoJiHas noTepst
NpeaBapuTEnbHOTO HaNPsHKeHUs MpK NoXape, B OXNaXXOEHHOM COCTOSIHWUM NOCre NoXapa He BOCCTaHABMMBAKOTCS.

9 PacueT npeAaena orHe CTOMKOCTU MO Le IOCTHOCTU

9.1 lNMpeaen orHecToMKOCTM NO LLENIOCTHOCTM - N0 06Pa30BaHNI0 CKBO3HbLIX OTBEPCTUI UMW CKBO3HBIX TPELLUWH BO BNaHOM 6eToHe npu
O[HOCTOPOHHEM HarpeBe - HacTynaeT Yepes 5 - 20 MMH Nocne Hayana noxapa 1 ConpoBOXAAETCS OTKonamu 6eToHa OT HarpeBaeMon
NMOBEPXHOCTMU.

B TOHKOCTEHHBIX »ene306eTOHHbIX KOHCTPYKLMAX TonwmHon 40 - 200 MM 3TO NPUBOANT K 0OpPa30BaHMI0 CKBO3HbIX OTBEPCTUN U TPELLMH,
Hanpumep, B CTEHKe ABYyTaBpOBOM Bankv unu B NnnTe nepekpbITus. B KOHCTpyKUMAX TonwmHon 6onee 200 MM 3TO NPUBOAMT K OTKOSIaM KyCKOB
6etoHa TonwwmHom Ao 50 - 100 MM, 4TO yMEeHbLUAET NonepeyHoe ceYeHne anemeHTa.

lMpUYKMHOI XPYNKOro paspyLueHust GeToHa Npuy noxape ABMSeTcs 06pa3oBaHMe TPeLMH B CTPYKType GeToHa 1 UX Nepexo B HepaBHOBECHOE
CMOHTaHHOEe PasBuUTWE MOA BO3AEHCTBUEM BHELLHeN HarpyskM U HepaBHOMEPHOro Harpesa v unbTpaL M napa no TOMWUHE CEeYeHUs! ANeMeHTa.

9.2 Bo n3bexaHne XpynKoro paspyLueHusi B 6ETOHE HanpsiXeHWs CKaTusi He AOIMKHbI NPEBbILAaTh 3HAaYEHWI, ykasaHHbIX Ha puc. 9.1, He3aBMCUMO
oT BuAaa GeToHa.

PucyHok 9.1 - 3aBMCUMOCTb XpyMKOro paspyLueHusi 6eToHa OT HanpsXXeHUn cxkaTns B 6eTOHe 1 TONWKMHBI SreMeHTa

9.3 B xene3006eTOHHbIX KOHCTPYKLMSAX U3 TSHXKENOro 6eToHa C CUnMKaTHbIM 3arnonHUTeNem v BriaxkHocTbio 6onee 3,5 %, ¢ kapboHaTHbIM
3anofiHUTENeM 1 BnaxHoCTblo 6onee 4 % 1 13 Nerkoro KOHCTPYKLMOHHOTO KepaM3uTobeToHa € BnaxHOCTbo 6onee 5 % v nnoTHocTblo 6onee

1200 Kkr/M3 BoaMOXHO Xpynkoe paspyLLeHne 6eToHa nNpu noxape.

BoamoxHoCTb Xpynkoro paspyLlueHuns 6etoHa npu noxape no B.B. XKykoBy oLeHMBaEeTCs 3HaYeHUEM KpUTepust Xpynkoro paspywerHust  F. Ecrm F £
4, To XpynKoro paspylueHust 6etoHa He byaet. Ecnn F > 4, To GeToH GyaeT xpynko paspyLiaTtbesi, U NPEeAen OrHECTOMKOCTM MO LLeNIOCTHOCTU He
Oynet npesblwaTtb E15.

KpuTepuin xpynkoro paspyLieHust 6eToHa crnefyet onpeaenstb no dopmyne:
1
F=aabe5,pr3fK1M, (91)

rae a - K031 MEHT NPONOPLNOHANbHOCTH, paBHbii 1,16 - 10 2pr. M3/2/KI';

apt - K0aPULMEHT TemnepaTypHow Aedopmauun 6eToHa, MpuHMMaroT no Tabn. 5.2 ana temnepatypbl 6eToHa 250°C;

Ept - mogynb ynpyroctu 6eroHa, MH/m 2 (1 MHMZ = 1 MTMa = 10 KFC/CMZ), onpegensitoT no gopmyne (5.3), B koTopor koapdumumeHT  SBp



npvHUMatoT no Tabn. 5.1 npu Harpese 6eToHa ao 250°C;

P - NNOTHOCTb 6eToHa B CYXOM COCTOSAHUN, Kr/m 3

ncnapsitoLenca Bogpl B konmyectee 150 Kr/M3;

, NPUHUMaKT paBHOVI NMoTHOCTY GETOHa B eCTECTBEHHOM COCTOSIHUM 33 BbIYETOM

1
K. K03(PPULIMEHT NCEBAOUHTEHCUBHOCTM HaNpsixeHui 6eToHa, MH - m 3/2

KPYMHOro 3anonHuTend;

, NPUHUMAKT No Tabn. 9.1 B 3aBMCMMOCTHM OT BUAA U KONnyecTBa

A - koadpbcpmumeHT TennonpoeogHocTu 6eToHa, Br/(m - °C) onpepenstoT no dopmynam (6.2) - (6.4) ansa Temnepatypbl 6eToHa 200 °C.
W5 - obbemHas akcnnyaTaunoHHas BNaxHOCTb OETOHa, M 3/M3;
n - obLwasa nopuctocTb H6eToHa.
O6LLy0 NOpUCTOCTb BETOHA C NIIOTHLIMM 3aNONHUTENAMW N oNpeaensoT no gopmynam: ana 6eroHa ¢ B/ > 0,4:
n=LB/N- 0,2)10'3; (9.2)
nns 6etoHa ¢ B/L/ < 0,4:
n=(B/L-8-104)L (9.3)

O6wwas NOPUCTOCTb OeToHa c NOPUCTbIM 3anoJIHUTENEM N1 YBENMUYMBAETCA Ha NOPUCTOCTb 3anOSIHUTENA N3, YMHOXEHHYK0 Ha OTHOCUTENbHOEe
obbemHoe coaepiXaHne KpynHoro NnopmncToro 3anosfiHnTend B 6eToHe V3

n1=n+Van3. (9.4)
OGbeMHasi akcnnyaTauoHHas BnaXHoOCTb 6eToHa W3(M3/M3) paBHa:
Wa = Wpp1073, (9.5)

rae Wb - paBHOBeCHas BNaXXHOCTb 6eToHa no macce, Kr/kr.

Tabnmua 9.1
1 . w32
By 3anonHuTenei 3(;HaquM;| K1' (MH - m°/4) B 3aBUCMMOCTM OT cofepkaHusi KpYnHOro 335I'IOOJ'IHVITeJ'IF| B 6eToHe, %
MpupoaHbI NECOK U CUMUKATHbIN LWebeHb 0,47 0,53
MpupoaHbIi Necok U kapOoHaTHBIN LWebeHb 0,39 0,44
MpupoaHbI NECOK U KEPaM3WUTOBLIN rPaBuii 0,31 0,32
MpumevaHus

1

1. Mpw kpynHocTu 3anonHuTens 6onee 10 MM 3HayeHust K1 ' ymHOXaloT Ha 1,14.

1

2. [ina 6eToHa, NoABEPrHYTOro TENMOBNAXHOCTHOM 06paboTke, 3HavyeHna Kq ' gensT Ha 1,4.

1

3. 3HaveHna K1 ' ans pacxoda kpynHoro 3anonHuTens < 50 n > 35 % npyvH1MaoTCA No MMHENHON MHTepnonAunm.

9.4 MakcumarnbHasi paBHOBECHas BNAXHOCTb GETOHA B Xene306eTOHHbIX KOHCTPYKLUSIX MOXET COXPaHATLCS B NMepBblii MecsiL, BNaXHOro
TBEpAEHUs GeToHa MM NpU 3KCMnyaTaLum Bo BNaxHbIX YCOBUSAX, KOrAa BCe MNOPbl U Kanunnsipbl 3anonHeHsl BoAoW. B aTom cnyyae
MaKkcuMarbHYy paBHOBECHYIO BMaXHOCTb GeToHa onpeaensiioT no dopmyrne:

Wh, max = npwp1 (9.6)
rae n - nopuctocTb 6eToHa;
Pw - NNOTHOCTb BoAbl, paBHasa 1000 kr/m 3,

P1 - NNOTHOCTb 6eTOHa eCTECTBEHHOW BNaXHOCTU.

PaBHOBECHYI0 BMaXHOCTb GETOHA B 3aBUCMMOCTU OT OTHOCUTENBHOM PACYETHON BNaXHOCTM BO3Ayxa, NPW KOTOPOW BydeT aKchnyaTupoBaTbCst
*ene3o6eToHHasn KOHCTPYKLUS, U OT pacxofa LLleMeHTa NpuHMMatoT no Tabn. 9.2.

TaGnuua 9.2

3 Becogas BnaxHocTb 6etoHa Wp, - 102 (Kr/Kr) B 3aBMCMMOCTMN OT OTHOCUTENMbHOW pacyeTHON BNaXHOCTH
Pacxon uemeHTa, kr Ha 1 M2 6eToH

a Bo3gyxa, %
25 50 75
200 0,6 0,9 1,2
300 1,0 1,3 2,5
400 1,5 2,1 3,0
500 2,0 2,7 3,8
700 3,0 3,9 54

MpumeyaHue. MpoMeXyTOYHbIE 3HAYEHUS NPUHUMAIOT MO MUHENHON MHTEPNONSL UK.

Mpy NPUMEHEHNM MOPUCTOrO KPYMHOTO 3anofHUTENSI PaBHOBECHYHO BMAXHOCTb GETOHa, nMetoLLero nioTHoOCcTbL 6onee 1200 kr/m 3, crnegyet
YBENUYNTL HA 0OBbEMHYIO JKCMIyaTaLMOHHYIO BNaXHOCTb KpynHoro 3anonHutens Wag, m3/m3:

Wag = VsWp3p1073 (9.7)

rae V3 - OTHOCUTENbHbBIN 06bEM NOPUCTOrO KPYMHOTO 3anonHuTens B 6eToHe;



Wp3- paBHOBeCHas BNaXXHOCTb KPYNHOro NOPUCTOrO 3anofHUTENSA No mMacce, Kr/kr. [na kepamanTa CpeHIo0 paBHOBECHYIO BraxHocTb  Wp3 no

Macce MOXHO NPUHMMaTb B 3aBUCUMOCTU OT OTHOCUTENBHON PACYETHON BMaXXHOCTW BO3Ayxa, NPy KOTOpoW BydeT akcnnyaTnpoBaTbes
KOHCTPyKUWMs, no Tabn. 9.3.

Tabnuua 9.3
PacuyeTHas oTHocuTenbHas BNaXHOCTb Bo3adyxa, % PaBHOBecCHasi BnaxHoCTb kepamanTta Wpg - 102, Kr/kr
25 0,75
50 1,20
75 1,50
100 2,80

9.5 Kak BuaHo 13 goopmyrnbl (9.1), 3HaueHMe KpUTepUs XPYNKOro paspyLueHns 6eToHa  F 3aBUCUT OT (U3NYECKUX CBOMCTB BETOHA, KOTOpbIe
He3HauYMTerNbHO OTNMYaTCH AfA PasHbIX COCTaBOB, K OT 06bEMHOI 3KCMNyaTaLMOHHOM BNaXHOCTV 6eTOHa, KoTopasi CyLLEeCTBEHHO BMNAET Ha
3HayeHue aToro KputTepus. Yem Gornblue BNaxHOCTb 6eToHa, Tem Gonblue 3HaYeHVe KpUTEPUS XPYMKOro pa3pyLueHus, 1 Tem borbLue onacHoCTb
BO3MOXHOCTM XPYMKOro pa3pyLueHus 6eToHa BO BpeMs noxapa.

HaVI6OJ'IbLIJy}0 BMaXkHOCTb BETOH nmeeT HenocpeacTBeHHO nocne n3rotToeneHuns Keneso0eToOHHOW KOHCTPYKLU UK, 3aTEM OH BbICbIXaeT. ﬂoaTomy
Heobxoaumo paccMaTpmBaTb BO3MOXHOCTb XPYNKOro paspyLlieHusa beToHa Npn NoXape Kak BO BpeMsA CTPOUTENbCTBa, Tak U B Nepuos nycka
obbekTa B 3KCnnyaTtauunto, a Takke npu akcnjiyataynun CoOopyxeHusa B 3aBUCMMOCTU OT OTHOCUTENBHOMN pacquHon BIMaXXHOCTU BO3yxXa.

9.6 BeToH, MMetoLMIi 3HaYEHUE KPUTEPUS XPYMKOTO paspylueHust F > 4, HeoBxoaMMO 3aLUMTUTL OT XPYMKOro paspyLUEHUs! BO BpeMs Nnoxapa
cneayroLwMn Mepamu:

1) NoBbILLEHNEM YPOBHA noXxapHow 6esonacHocTn nytem obecneyeHns BO3MOXHOCTU NUKBUAAL NN noxxapa Ha HavarnbHou cTaguu;
2) CHWXEHMEM Pac4ETHON OTHOCUTENbHOWN BNaXHOCTH BO34yxa B NOMeLleHnu;

3) DOMNONHUTENbHBIM KOHCTPYKTUBHBIM apMUPOBaHWEM NMOBEPXHOCTHOTO Crlosi GETOHa CO CTOPOHbLI HAarpeBa apMaTypHOW CETKO ¢ siyeiikamu 25 -
70 mm 1 gnametpom apmatypsl 0,5 - 1,0 mm;

4) HaHeCeHMeM OrHe3aLMTHOTO MOKPLITWS HAa HarpeBaeMyio NMOBEPXHOCTb GETOHaA;
5) yCTPOMCTBOM MeTannmyeckoli obMmL OBk CO CTOPOHbI HarpeBaeMovi MOBEPXHOCTY;

6) NpuMeHeHMeM GETOHOB C OrpaHUYeHHbIM PACcXOAOM LIeMEHTa; yMeHbLUeHHbIM  B/L[; ¢ kpynHbIM 3anonHuteneM, obnagatowmm 6onee HU3KUM
KO3(PPMLIMEHTOM TEMMEPATYPHONO PaCLUMPEHNS.

9.7 lMpefen orHecToMKOCTM MO LLENOCTHOCTM - N0 06pa30BaHNI0 CKBO3HbLIX TPELLMH B MANTAX, CTEHaX M CTEHKax ABYTaBPOBbIX 6anok npu
[OBYXCTOPOHHEM HarpeBe - HacTynaeT npu nporpese GETOHHOIO CEYEHNSA MO BCe TOMLLMHE 3nemMeHTa A0 KpUTMYECKo TeMnepaTypbl Harpesa
6eToHa, korga B 6eToHe HapyLuaeTcst cTpykTypa. OueHka BO3MOXHOCTM NOTEPU LLENOCTHOCTYM 3a CYET BO3HWKHOBEHMSI NporpeBa 6eToHa no
CEYEHUIO BbILLE KPUTUYECKON TeMMepaTypbl NpU Noxape NpousBoauTCs NyTeM aHanusa TeMnepaTtyp Nporpesa 3/1EMEHTOB MO BCEMY CEYEHUIO
(cm. npunoxenns A, B). Kputnyeckne TemnepaTtypbl Harpesa 6eToHa npeacraeneHbl B . 4.12.

10 KoHCTpyKTMBHbIE TpeboBaHuUs, NOBbILLAKOWME NpeAesl OrHe CTOMKOCTU XKe e 306€ TOHHbIX KOHCTPYKUUMT

10.1 Yem GonbLue 3alWMTHBIN crnoi 6eToHa, TeM Bbile nNpefen OrHeCTOMKOCTU KOHCTPYKU M. Ecnv TonwmHa 3awmtHoro cnost 6etoHa 6onbLue 60
MM ans Tskenoro 6eroHa n 80 Mm gnst nerkoro 6eToHa, 3aLWUTHBIN Cro BETOHA MOXET MMETb apMUPOBAHNE CO CTOPOHbLI OTHEBOIO BO3AENCTBUS
B BUJE CETKU U3 CTEpXKHEN anameTpoM 1 - 2 MM ¢ siyeiikamu He 6onee 70°70 mm.

10.2 B »ene306eToHHbIX KOFIOHHAX C MPOAOSIbHOM apMaTypov B konnyecTBe bonee YeTbipex CTEPXKHEN B Ce4eHNM HelenecoobpasHo
ycTaHaBnuBaTb BCIO apMaTypy oKono oborpesaemori NoBepXHOCTW. [nsi NoBbILLEHWS NpeAena OrHeCTOMKOCTH KOMNIOHH paboyyto apmaTtypy
cnenyet yCTtaHOBUTb B MakCMMalribHO BO3MOXXHOM yaaneHUn OT NOBEPXHOCTH, onuxe K AOpY CeYEeHUA KONOHH, eCrnn 3TO NO3BONAT yCcunua.

10.3 KonoHHbI 60sbLLIOro NONEPEYHOro CEYEHNSI C MEHbLUMM MPOLLEHTOM apMUPOBaHKWS fydlle CONPOTMBIAIOTCA OrHEBOMY BO3AEWCTBUIO, YEM
KOJIOHHbI MEHbLLEMO NONEPEYHOrO CedeHmnsi ¢ BONbLUMM MPOLLEHTOM apMUPOBaHMS.

10.4 MNpepen OrHeCTOMKOCTU KOMOHH C KOCBEHHBIM apMMPOBaHUEM B BUAE apMaTypHbIX CBAPHbIX NONEPEYHbIX CETOK, YCTaHOBNEHHbIX C LLArom He
6onee 250 MM, nnn co cnupanbHoOK apmaTypon yBenuumusaetcs B 1,2 pasa.

10.5 KonoHHbI 1 6anku ¢ xecTKo apMaTypoii, pacrosioXeHHON B cepeuHe CeHeHnsl, UMEIT 3HauMTenbHO BonbLUMi npeaen OrHecTonKocTU No
noTepe HecyLuen CrnocobHOCTM NO cpaBHEHUIO C Bankamu 1 KONOHHaMW, apMUPOBAHHBLIMU CTEPXXHEBOW apMaTypoW, pacrosioXeHHON OKOMNo
oborpeBaemoi NOBEPXHOCTMU.

10.6 B Garkax, Npu pacrnosioxeHun apmMaTypbl pasHoro AMameTpa 1 Ha pasHbIX YPOBHSIX, CriedyeT pacrnonaratb apmatypy 6onbLiero anamerpa
Janblue oT oborpeBaeMor NoBepxXHOCTH MpU Nnoxape.

10.7 [ns noBbllLEeHWsI Npeaena OrHeCTOMKOCTY Bariok pekoMeHayeTcs perynmpoeath opMy cedeHuns 6anok: npeanoyTuTensHee LWnpokue
Garnku, a He y3kue 1 BbICOKMe. B kauyecTBe OCHOBHOM apmaTypbl 6anok pekoMeHayeTcs ucnonb3osath Gonee ABYX CTepXHen, Hanbonee
NPeAnoYTUTENLHO pasMeLLaTh apMaTypy B HECKOMbKO pAAO0B, MakCMarnbHO BO3MOXHO NMOMECTUB apMaTypy Briy6b cedeHusi oT oGorpesaemoit
NOBEPXHOCTH.

10.8 Ha onopax mexagy cocegHumu bankamu n mexay 6arnkor u CTeHoun JOoMmKeH ObITb 3a30p, KOTOPbIA N03BONMT Banke cBOGOAHO YANMUHATLCS B
npouecce orHeBoro Bo3aencTeus. LLvpnHa 3asopa gomkHa 6biTb He meHee 0,05/, roe / - nponet 6anku.

10.9 B nnuTax LenecoobpasHo UMETb NonepeyHyto apMaTypy, KoTopas NpeaoxXpaHuT pabodyto ropu3oHTarnbHy apMaTypy OT BbiMy4YMBaHWsS BO
BpEMSI MoXapa.

10.10 B nnuTax Ha cTansHOM NpodmnnMpoBaHHOM HacTune 6eToH nnu apmaTtypa B rogpax AOIHKHbI COEAMHATLCS C HACTUIMOM BO M30exaHue ero
OTCOEHNS NPU OTHEBOM BO3OEWCTBUN.

[INsi NOBbLILLEHWSI OTHECTOMKOCTU MHOTOMPOSETHBIX MIAMT U3 MOHOMUTHOTO XXere3obeToHa Ha CcTanbHOM NpodunpoBaHHOM HacTune go  R150 B
nepBoOM KpaiiHeM MporeTe NMWUTbI CNeayeT yBeNMUUTL nrolwaab apmaTypbl Ha 30 % cBepx pacyeTa, ceveHue apMaTypbl Ha NepBoii
NpOMeXyTOYHOV OMope NPefyCMOTPETL B ABa pa3a GonbLue, YeM B NepBOM MNporeTe.

10.11 Mpeaen orHecTOWKOCTU CTaTUYECKN HEONPEAENMMON KOHCTPYKL MM GorbLue Npeaerna orHecToMKOCTM CTaTUYeCKkM onpeaenmMon
KOHCTPYKUUM Ha 75 %, ecnv Nnoliaas ceyeHns apmaTtypbl Ha onope, fae AeNCTBYET oTpuuaTenbHbIN MOMEHT, GonbLue Yem B npornete B 1,25



pa3a; Ha 100 %, ecnm - B 1,5 pasa; Ha 125 %, ecrm - B 1,75 pasa n Ha 150 %, ecrm - B 2 pasa.

BnunaHve apmaTypbl Ha onopax yuuTtbiBatoT, ecriv 20 % apmaTypbl pacrnonoxeHo B nponete n 80 % fosoanTcs He meHee YeM Ha 0,4 |y kpanHewn
onopsbl, u He MeHee 0,15/ Ha MPOMEXYTOYHbIX Onopax.

10.12 Ons Toro, 4tobbl KOHCTPYKL S TemMnepaTypHOro LUBa MOIa BblAEepXMBaTb BbICOKOTEMMEepaTypHOe OrHeBoe BO3AENCTBUS NMpKU Noxape M
COXPaHsiTb AOCTaTOYHbIE TEMNSION30SSILMOHHbIE CBOMCTBA, HEOOXOAMMO 3aMOSHUTL €0 HEroPYUMK MaTepuanaMm ¢ HU3KOM
TennonpoeogHocTbo. LLpnHa TemMnepaTypHoro wea gormkHa 6biTb He meHee 0,0015/, rge / - paccTosiHMe Mexay TemnepaTypHbIMUY LLUBaAMMU.

10.13 Bo BpemMs noxapa 3alwuMTHbIA cro 6eToHa NpegoxpaHsieT apMaTypy OT BbICTPOro HarpeBa ee 0 KpUTudeckon Temnepatypsl. [Mpegen
OFHECTOWKOCTW YBESIMUYMBAETCS, €CIIN NPUMEHUTb OrHe3aLMTHOE NMOKPbITHE. VI3BECTKOBO-LleMEHTHas LUTyKaTypka TONWMHON 15 MM, runcosas -
TonwwHow 10 MM, BEpMUKYNIMTOBAs - TOMNWMHOW 5 MM 1in Tennomsonsauns n3 MMHepanbHOro BOSIOKHA TOMLMHOW 5 MM 3KBMBANEHTHbI
yBenuyeHuto Ha 10 MM TONLWMHbI 3aLLMTHOIO Cros Tskenoro 6eToHa. OrHe3almMTHbIE NOKPLITUSA, NPUMEHSIEMbIE AN NOBbILLEHWS Npejena
OTHECTOWMKOCTM KOHCTPYKL UM, TaKke MOryT UMETb apMUpOBaHUe.

10.14 lMpu NpUMEHEHNN B CTEHOBbIX MaHeNsX N NePeKpbITUSX FOproYero yTennuTens cneayer npegycMaTpuBaTh OrHe3almTy 3Toro
yTennuTens no NepuMeTpy HecropaemblMn MaTepuanamu.

10.15 3acbIinku 1 NON U3 HEFOPHYMX MaTEepPManoB NPU TENSNIOTEXHNYECKOM PAcYeTE BKIOYAKTCS B OOLLYHO TOMLWMHY NIMThI U MOBLILLAKOT ee
npegen orHeCToMKoCcTU. Foproume U3oNALMOHHBbIE CIIOU, YIOXEHHbIE Ha LLIEMEHTHYI0 NMOAroTOBKY, HE CHUXAKOT Npeaena OrHeCTONKOCTU NAnT.
[ononHUTENbHbIE CMOW CTSXKKU U LUTYKATYPKU MOTYT ObITb OTHECEHbI K TOMNLUMHE NINTbI.

11. OrHe coXpaHHOCTL XXe Jie 306e TOHHbIX KOHCTPYKLUI Nocrie noxapa

11.1 Mpu NpoekTMpoBaHUM Xene3obeTOHHbIX KOHCTPYKLUIA, yka3aHHbIX B M. 4.11, gomkHa ObiTb NpoBEpPEHa MX OrHECOXPaHHOCTb Nocre noxapa
ONUTENbHOCTBIO, 3KBUBANEHTHOW Npeaeny OrHeCTOMKOCTM KOHCTPYKUMK. [pn 3TOM cnegyeT aHanMTM4ecku NpeaycMoTPETb BCEBO3MOXHbIE
NocneAcTBUS paspyLUaloLLero BO3AENCTBUS OTHSI Ha HapyxHble crov 6eToHa 1 apmartypy.

MpoyHoCcTL Nnocne noxapa

11.2 MpOYHOCTb Xene306eTOHHbIX 3NIEMEHTOB PaCCHATLIBAOT ANt HOPMaribHbIX M HAKMOHHbIX CEYEHWIA COrMacHO yka3aHusiM pasaena 8.
ConpoTuBneHune cxatuio 6eToHa HarpeToro BbllLe KPUTUYECKOW TeMnepaTypbl AonyckaeTcsl He yunTbiBaTb. ConpoTueneHvne 6eToHa cxaTuto

NPUHMMaEeTCs paBHOMEPHO pacnpeaeneHHbIM Mo cxaTon 30He. B aTom cnyyae TemnepaTypa HarpeBa O6ETOHa HWKe KpUTUYECKOW TeMmnepaTypbl.
PacyeTHble CONPOTUBNEHUSI CXKATMIO NPUHMMAIOT PaBHbIM Rp, pacyeTHbIE COMPOTMBIIEHUS apMaTypbl PaCTSXKEHUIO U CXaTUo Nocrne OrHeBoro

BO34ENCTBUSA npn noXxape npuHUMaroT COOTBETCTBEHHO paBHbIMU RSt n RSCt-

3HaveHne koadhMLMEHTOB yCrnoBuii paboTbl apMaTypbl Vst B OXNaXOEHHOM COCTOSIHUM NOCHe noxapa npuHumatoT no tabn. 5.5 B 3aBucumocTun

OT TemnepaTypbl HarpeBa apmaTypbl BO BpeMsi noxapa. [porpes 6eToHa [0 KpUTUYECKON TemnepaTypbl BO BPEMS Noxapa yCTaHaBnMearoT no
puc. 5.1, 8.1 n 8.2 n TennoTexHnyeckum pacyeTom (cM. npunoxenus A, b).

11.3 lMpu pacyeTe OrHeCOXPaHHOCTU Xene306eTOHHbIX KOHCTPYKLMIA Mo AedopMaLMOHHOM Moadeny 1 ¢ npuMeHeHnem OBM nsmMeHeHns CBONCTB
6eToHa nocre noxapa y4nTbIBaloT MO BCEMY CEYEHMIO dfIeMeHTa.

11.4 Mpu pacyeTe NPOYHOCTU HOPMaSbHbIX CEYEHNI Kene306ETOHHBIX 3NIEMEHTOB CMEAYET YUUTbIBATh, YTO SNEMEHTbI, pacCuMTaHHble Ha paboTy
[0 noxapa npu x < {rhg, nocne noxapa moryTt pa6otatb npu x> ERhQt U3-3a YMEHbLUEHUS CxxaTol 30HbI GETOHA Nocrne Nporpesa HapyXHbIX

crioes GeTOHa BblLLIE KPUTUYECKOK TeMnepaTypsbi.

Korga ycnosue x<  €Rhg He cobntogaercs, MOMeHT onpegensioT no dopmynam (8.9) u (8.11), noacTaenss B HUX 3HAYEHNS BbICOTbI CKaTOMN 30Hbl,
onpeaensiemoi no dopmyne:

x=¢Rho (11.1)

3HayeHue R BbluMcnseTca no dopmyne:

Foo=xlh, =08} 1+£5;‘”‘ )
R 4] :
Bl (11.2)

OTHocuTenbHas aedopmauuns pacTaHYTOW apMaTypbl MPU Hanps>XeHUsix, paBHbIX Rgt, onpegensercs:
Esie/ = RSt/ES . (113)
OtHocuTenbHyo Aeopmanunio cxaToro 6eToHa  &p yyjt NPY HaNpsHkeHUAX Rptem MPUHUMAIOT PaBHOM £p2 No Tabn. 5.4.

11.5 Mpw pacyeTe No NPOYHOCTU NocHe noxapa ycunusi n gecdopmaum B HOpMaribHOM K MPOAOSIbHON OCY ANEMEHTa CEYEHNN Ha OCHOBE
AedopMaL MoOHHON MOoAENV onpeaensioT CornacHo ykasaHusm nn. 8.24 - 8.26, ucnonb3ys anarpaMMbl COCTOSIHUS 6eToHa U apmarypbl, No
pacyeTHbIM COMPOTMBIIEHUSIM, CO 3HAYEHNSIMU KOIDULIMEHTOB YCNOBUI PaBOThI Ypt U Yst B OXIT@XXOEHHOM COCTOSIHUM nocne noxapa. Mogynb

nedopmaunmm 6etoHa Epy onpepensoT no gopmyne (5.4).

PacueT nporu6a nocne noxapa

11.6 Bo BpemMs noxapa B nsrnbaembix, BHELLEHTPEHHO CXXaTbIX N BHELEHTPEHHO PaCTAHYTbIX afieMeHTax npu 3KCI'IJ'IyaTaL|,I/10HHOl7I Harpyske oT
OrHeBOro BO3AeNCTBMUSA nponcxognT passnTme AONONHUTENbHOro nporm6a 13-3a 3Ha4YNTENbHOro Harpeea paCTHHyTOVI apmMaTtypbl 1 nepenana
TeMmnepartyp no BbICOTE CEeHEeHUA.

lMpu Temnepatypax Harpeea apmatypbl Ao 350 °C nporu6 xene3o6eToHHOro aNeMeHTa pasBMBAETCSl, B OCHOBHOM, 3a CYET TeMrnepaTypHOro
pacluMpeHusi apMaTypbl U 6eToHa y Gornee HarpeBaeMo NMoBEPXHOCTY.

lMpu Gonee BLICOKUX TEMMNepaTypax OrHEBOro BO3AENCTBISA NpornG pasenBaeTcs, B OCHOBHOM, 113-3a BbICOKOTEMMepaTypHOM Nonsy4Yectu
apmarypbl.

anI noxape I'IpOFVI6 anemMeHTa BO3HMKaEeT BCeACTBME BO3AENCTBUSA Harpysku n remnepartypbl.
Mocne noxapa, B OXnaXxgeHHOM COCTOAHUMN, I'IpOFVI6 OT HepaBHOMEPHOro Harpesa No BbICOTE Ce4eHUA aneMeHTa yMmeHbLaeTcd, 1 oOCTaBLllaAaca

yacTb npornGa OT Harpy3ku 3HauUTENbHO GosbLue, YeM NPOrMG OT Harpy3k1 40 Noxapa K3-3a CHKEHUSt Modyns ynpyroctTi GeToHa 1 passuTus
nnacTuyeckux aedpopMaunii apmaTypbl Npy Harpese.



Mpu ocTbIBaHWM NOCre noxapa NPOYHOCTHbIE U ynpyronnactunyeckue CBOWCTBa GeTOHa NpakTUYecku He BOCCTaHAaBMNMBAOTCS, a B apmartype
npouncxoanTt YactnuyHoe BOCCTaHOBMEHNe Npo4YHOCTU 1 NOJIHOE BOCCTaHOBIIEHUE YyNpyrocTun.

11.7 MNocne noxapa XKerne3o0eTOHHbIE ANEMEHThbI UMelT TpeLwuHbl C HarpeBaeMOVl CTOPOHbI NO BCEW AnvHe nponera.

[ns n3rmbaembix 3r1eMeHTOB, MMEKLLMX NOCTOAHHYH BbICOTY MO ANMHE 3nemMeHTa, B npegenax KOTOpoWn n3rnbaemMbli MOMEHT HE MEHSIET 3HaK,
KPUBU3HY OONYyCKaeTCa BblMNCIATL ANA Hanbonee Hanpsa>XeHHOro ce4yeHund, NnpuHMMasa ee Onsg octanbHbIX CeYeHVIn N3MeHsIoLWencs
nponopunoHanbHO 3Ha4YeHU n3rmbaemoro MoOMeHTa.

[Ins cBo60AHO ONepThIX M KOHCONbHbIX AMEMEHTOB MakcMarbHbIA NporMb Aonyckaercst onpenensaTe no dopmyne:
f=sP(1INmax (11.4)

rae S - koadhPMUMEHT, 3aBUCALLMIA OT BUAA Harpy3ku U pacyeTHOMN CxeMbl driemMeHTa. lMNpy AeicTBUM paBHOMEPHO pacnpeaeneHHoW Harpy3aku: Ans
cBobogHo onepTon 6anku s = 5/48, ona kOHCoNbHoM Banku s = 1/4.

11.8 KpunBn3Hy n3rnbaemsbix, BHELLEHTPEHHO CXaTbIX U BHELLEHTPEHHO PacTAHYTLIX ANIEMEHTOB C TPELLMHAMY B PACTAHYTOW 30HE OnpeaensitoT no
dopmyne:

(1Nmax= 1 n1- N2+ N3 -(1/ Nes ., (11.5)
rae (1/r)1 - KpMBM3Ha OT HENPOAOIKUTENBHOTO AEVWCTBUSI BCE Harpy3Kk1, Ha KOTOPYH NPOMU3BOASAT pacyeT no AedopmaLnsm;
(1/r)2 - KpUBM3HA OT HEMPOAOITKATENBHOIO AEUCTBUS NOCTOSIHHBIX U BPEMEHHbIX ATTENbHbIX Harpy30K;
(1/r)3 - kpuBM3Ha OT NPOJOIMKATENBHOIO AENCTBUS NMOCTOSAHHBIX U BPEMEHHbIX ANUTENbHbBIX HAarpy3oK;
(1/r)¢s - kKpMBK3HA OT TemnepaTypHON ycaaku b6eToHa.
11.9 KpuBun3Ha >kene3o6eToHHbIX 3NEMEHTOB OT AENCTBUSI Harpy3ku:
(1/ry=MID, (11.6)

rae M - narnbaemMblii MOMEHT OT BHELLHEN Harpy3ku (C y4eTOM MOMEHTa OT MpPoAoSibHOW curnbl ) OTHOCUTENIbHO OCU HOPMarbHOWM MITOCKOCTU
OEeNCTBUS N3rMGaeMoro MOMEHTa U NPOXOASLUEN Yepesd LLeHTP TSKeCTU NPUBEAEHHOO MOMNEPEYHOro CEYEHNs ANIEMEHTA;

D - eCTKOCTb NpVBEAEHHOrO MONEepeYHOro CeveHns anemMeHTa, onpegensemas no opmyne:
D = Ep1Jred - (11.7)

11.10 XecTKoCTb *enesobeToHHOro aneMeHTa D 6e3 TpeluvH B pacTSHYTON 30He onpedenstoT no gopmyne (11.7), B KOTOpoW 3Ha4yeHne Moaynsi
Aedopmanum 6eToHa NPMHUMAIOT PaBHbLIM MPY HEMPOOOIPKUTENBHOM AENCTBAN HArpy3sKu:

Ep1 = 0,85Ep¢ , (11.8)

rae Ept onpepenstoT no dopmyne (5.3), B KOTopon koadpduumneHT Bp NnpuHUMatoT no Tabn. 5.1 B 3aBMCHMOCTM OT TemnepaTtypbl 6eToHa B
LEHTPE TSKECTM NPUBEOEHHOIO CEYEHNS.

Mpu npogomkUTENLHOM AEWCTBUM Harpy3ok B popmyne (11.8) Ept 3aMeHsioT Ha  Epg, KOTOpbIN onpegensitoT no dopmyne (5.4), npuHumas
KO3(pPULIUEHT @p cr MO TabN. 5.1 B 3aBUCUMOCTM OT TemMnepaTypsl 6ETOHA B LIEHTPEe TSHKECTU NPUBEAEHHOIO CeYEeHNS.

11.11 MomeHT nHepuun npneegeHHoOro nonepe4yHoro cedeHnsa anemMeHTa OTHOCUTENbHO ero LeHTpa TAXEeCTU onpeaendaroT Kak ansd cniowHoro

Tena no o6LWyMM npaeunam ConpoTMBIEHUs YNpYrX 3rIeMeHTOB, C y4eTOM Bcel NoLaam cedeHnst 6eToHa U nroLaaeit cevyeHus apmaTypbl ¢
KO3(PPULIMEHTOM NPUBELEHUS apMaTypbl K GETOHY:

Jred=J+Jsa+J'Sa. (119)

[Honyckaetcs onpefensTe MOMEHT UHepuun Jreq 6€3 yyeta apmaTypbl. MOMEHT MHepLUUM BETOHHOIO CEYEHNS OTHOCUTENBHO LIeHTpa TSXeCTH
NPVBEAEHHOTO MOMEPEeYHOro CEYEHNS ANeMeHTa:

Jred = J = bth{3/12 . (11.10)

MoMeHT uHepL MK NnoLaaen cedeHnst PacTSHYTON M CXaToW apMaTypbl OTHOCUTENBHO LLEHTPa TSXXECTU NPUBEAEHHOIO NONEpeYHoro ceveHust
anemMeHTa:

Js = As(ho - ¥e)? ; (11.12)
Js=As(yc-a)? . (11.12)
KoabhuumneHT npuBeaeHns pacTsiHyTOW U CxxaTol apMmaTyphbl K 6eTOHyY:
a=EglEp1 . (11.13)
3necb Epq onpepensoT no aHanormum ¢ gopmyron (11.8).

PaccTosiHue oT Hambonee cxxaToro BorlokHa 6eToHa [0 LieHTpa TSXKECTU NPUBEAEHHOTO NMOMNEPEYHOro CeYEHUs ieMeHTa OnpeaensitoT no
dopmyne:

¥s = Sc,red/Ared » (11.14)
1€ Sc,red - CTATUYECKMIl MOMEHT NPUBEAEHHOTO CeYeHINs ArleMeHTa OTHOCUTENLHO Hanboree CXaToro BOMOKHa GETOHa, paBHbIii:

Sc,red = Sc + Ssca + S'sca - (11.15)



Mnowaap npueBeeHHOro NonepeyYHoro ce4eHnsa aneMmeHTa pasHa:
Ared=A+Asa+A'Sa, (116)

rae A - nnowaab 6eToOHHOro ceveHust, onpeaensiemasi no gopmyne (8.5) unm (8.7), cratnyeckuin MOMEHT KOTOPOW OTHOCUTENbHO Hanbonee
cxaToro BofiokHa 6eToHa onpepgensieTcs no opmynam:

Sc = A0,5h¢ ; (11.17)
Ssc = Asho ; (11.18)
S'sc= A'sa’ (11.19)

rae As, Ssc, A's, S'sc - NNoLaam nonepeyHoro CeYeHUs U UX CTaTudeckne MOMEHTbl OTHOCUTENBHO Hanbornee cxkaToro BOrokHa 6eToHa
COOTBETCTBEHHO pPaCTSHYTOW U cxaTor apMaTypbl. KoaddumumeHT npnBeaeHnsa apmatypbl K 6eToHy onpegenstot no cdopmyne (11.13).

11.12 XecTKOCTb ene3o06eTOHHOro aNeMeHTa C TPELLMHON B PacTAHYTOW 30HE ONPEAENstoT C y4ETOM CrieayHoLLMX MOJIOXEHWIA:

- cevyeHus nocrne AedopMNpoBaHUS OCTAKTCS NIIOCKMMU;

- HanpshxeHWs B GETOHE B CxXaToW 30HE ONpeaensitoT Kak ans ynpyroro 6eToHa;

- paboTy pacTsiHyToro 6eToHa B Ce4EHUN C HOPMaIIbHON TPELUMHOW He YYMUTbIBALOT;

- paboTy pacTsiHyToro 6eToHa Ha y4acTke Mexay CMEeXHbIMU HopManbHbIMU TPELUMHAMM YYUTLIBAOT KOIPMLNEHTOM  Ws.
YKecTkocTb xene306eTOHHOro areMeHTa Ha y4acTke € TPELUMHaMMU B pacTsIHYTOW 30HE NpUHMMatoT He Bornee KecTKOCTU 6e3 TPeLLUH.

KecTkocTb xene3obeToHHOro anemeHTa D ¢ TpelumHaMm B pacTsHYTOW 30He onpeaensioT no gopmyne (11.7), B KOTOPOA MOMEHT UHepuun  Jrgd
NpYBEAEHHOIO NOMNEPEYHOTO CEYEHUS ANIEMEHTa OTHOCUTENBLHO €ro LleHTpa TskecTu onpeaensioT no dopmyrne (11.20) ¢ yyeTom nnowaam

CKaToWi 30HbI, NMOLLAAEN CEHeHUs CxaToN apMaTypbl C kO3ULIMEHTOM NPUBEAEHUSt apMaTypbl K GETOHY Qg U PacTAHYTON apMaTypbl C
k03thMLIMEHTOM NpUBEAEHUS apMaTypbl K BETOHY ag2:
Jred = Jb * Jsasl + J's0s2. (11.20)
11.13 MoOMEeHT MHepLMK NnoLaamn cevyeHus cxatoro 6eToHa Jp onpeaensior:
a) Npu AencTBum TOMbKo m3rmbatoLero MmomeHta M:
ANs1 3NEMEHTOB NPSMOYrofbHOIO NONEPEYHOTO CEYEHUS:
Jp = bpil3; (11.21)

AnNsi 3NEeMEHTOB TaBPOBOIO CO CXXaTOW NOIKOW 1 ABYTaBPOBOrO NOMEPEYHbIX CEYEHUI C HYNEBOW NUHMEN, PAacMONOXeHHON B pebpe Hixe cxaTow
nonku (Xm > hft), no popmyne:

(ﬂ b g Fm ’

1+12 0,5

Ty = Tpn+ T3 e
BT IR0T T 3 12 PR

(11.22)

©) npu gencteumn narmbatoLiero MomeHTa M v NPOAONbLHONM CXMMAaIOLWEn Unn pactarveatoLlen cunbl  N:

b ’
- r;m [1+12[—y'-”w —0,5] l-,
o (11.23)

ONsi SNeMeHTOB TaBPOBOIro CO CXKaTOW NOJKON U ABYTaBpPOBOro nonepeyHbIxX CceyeHun ¢ HyJ'IeBOVI TNNHWEN, pacnosioXeHHOW B pe6pe HWXe cxaToun

nonku (xm > h'f), no cdopmyne:
bfxm[nw[ycm 0,5 ] ba-h)i b‘)h [1+12[y¢m

B Tex cnyyasix, korga B dpopmynax (11.22) u (11.24) BbicoTa cxaTow 30Hbl  Xm < h'ft, TO MOMEHT uHepuun Jp BeluucnsaoT no dopmynam (11.21) n
(11.23) kak ons NpsAMOYroslbHOro cevyeHus, npuHnMas bt = b'f.

ONnA 3aneMeHTOoB NPAMOYroyibHOro nonepeyHoro ce4eHna no cbopmyne:

(11.24)

11.14 MoMeHTbI MHepL MK NroLaaen cevyeHmnsl pactaHyTon Jg u cxator apMaTypbl J's OTHOCUTENBHO LIeHTPpa TSXECTU NPUBEAEHHOIO
NMonepe“Horo Ce4eHNs ONpeaensitoT no dopmynam:

Js = As(ho - Yem)? ; (11.25)
J's=Asyem— a)2; (11.26)

3HaueHue ycm, paBHOE PacCTOAHMI0 OT Hanbornee cxXaToro BofokHa GeTOHa 10 LLeHTpa TSHXKeCTU NpuBeaeHHOro NonepeYHoro ceveHust 6es yyeta
6eToHa pacTAHYTON 30HbI, AN M3rMbaeMblX 3NIEMEHTOB PaBHO Xy - CPEAHEN BbICOTE CXXaTol 30HbI GETOHA, yuMTbIBaoLLEn BNMsiHUe paboThl

‘m
pacTsiHyToro 6eToHa Mexay TpelumHamu, onpegensiemoi no dopmynam (11.27) n (11.30).

11.15 Ons n3rnbaeMbix 3NeMEHTOB BbICOTY CXXaTOWN 30HbI Xy ONpeaensoT no dopmyne:



SN (e

, (11.27)

roe
= [Lbﬁ —& thg +agyldy + Al g (11.28)

ks = [(b}, - bWk + 2ay (4a")+ Ay Jr e (11.20)

Ecnu BelumcnieHHast no doopmyne (11.27) BbicoTa coKaTow 30Hbl  Xm < h'ft, TO pacyeT Npou3BoAAT Kak Af1s ANIeMEeHTOB NPSIMOYrOfibHOMo
NoMepeyHOro Ce4eHns, NPUHUMast LUMPUHY cedeHnst b = b'f, a nepsbIn YneH B popmynax (11.28) n (11.29) pasHbim 0,

[nsa anemeHTOB NPAMOYroJibHOro ce4yeHns 6e3 cxaton apMaTypbl BbICOTY CXaToW 30HbI Xm onpenenarT no (bopmyne;

- 2 _
T = }30[ (ﬂsasl) * 2""!.5'“51 ’f“csasl] :

(11.30)
rae us = As/btho.
11.16 3HayeHns koapMLMEHTOB NpMBEAEHNST apMaTypbl K 6ETOHY MPUHMMAIOT paBHbIMW: AJ1s1 CKaToW apMaTypbl:
E
o & —,
bored.f (11.31)
Onsa pacTAHYTON apmaTypbl
agm—2
W55 red g (11.32)
3HauveHue koadhduumeHTa s Ans narnbaembix aneMeHTOB AonyckaeTcs onpeaenaTb no dopmyne (11.33) 6e3 yuera apmatypsi:
2
4 Rbf,ser,fb}?!
gy =1-08———
60 (11.33)

3HayeHne Np1BeaeHHOro Moayna AedopmaLm cxaToro 6eToHa Ep red,t onpeaensioT no dopmyne (5.7) no TemnepaTtype kpaiHero cxaToro
BOrokHa 6eToHa. MpoyHocTL BeToHa Ha pacTshkeHue Rpt ser,t onpeaenatoT no dopmyne (5.2) no Temnepatype 6eToHa Ha ypoBHe PacTsHYTO
apmartypbil.

11.17 [Ana anemMeHTOB NPSIMOYroflbHOTO CeYEeHUsI CPEAHIOK0 BbICOTY CXaTOW 30HbI Xy MPpW AENCTBUM narnbaioLlero MomeHTa M npodonbHON Cunbl
N ponyckaetca onpefensatb no dopmyne:

+ '}redN.
Hoa M (11.34)

T T Aml

npu aTom npuHumatoT 0 < xm < ht
B dopmyne (11.34) Xmq BblMMCIAOT Kak Ans uarnbaembix anemeHToB no dopmynam (11.27), (11.28).

B dopmyne (11.34) 3Hak «nNnoc» NPUHUMAIOT MPU CKUMALOLLEN CUNe, a «KMUHYC» - MPU pacTarueatoLLen cune.

11.18 KpvBU3HY anemeHTa npu oCTbiBaHUM OT TEMMNEPATYPHOW YCaakn HEpaBHOMEPHO HarpeToro 6eToHa BO BpeMsi Noxapa onpeaensioT no
dopmyne:

(“’“)cs = (&651351 ~ sty )”2 . (11.35)

rae dcs] V ags - KOadhduLMEHTbI TeMMNepaTypHol ycaaku 6eToHa, npuHnMaemMble no Tabn. 5.3 B 3aBucuMocCTy oT TemnepaTtypbl 6eToHa 6onee
tp1 v MeHee tp HarpeTomn rpaHn ceveHus, koTopasi Gbina npu noxape.

11.19 lNocne noxapa npornd anemeHTa ABMSETCS OOHUM U3 KpUTEPMEB BO3MOXHOCTW AanbHENLLEN SKCNyaTaumm KOHCTpyKuum. MNpyn geictemn
NMOCTOSIHHBIX U ANMTENbHbIX BPEMEHHbIX HAarpy3ok npormb 6anok, NMT Bo BCeX Cryvasix He AormkeH npesbiwaTb 1/150 nponeta u 1/75 Boineta
KOHCOINMW.

Ecnu chakTtuyeckne npornbobl NpeBbILLAT AOMNYCTUMbIE 3HAYEHUS, HO HE NMPENATCTBYIOT HOPManbHOW SKCMyaTauum, AoNycKkaeTcs fanbHeiwas
aKcnnyaTaums xene3obeToHHbIX KOHCTPYKL U Be3 nX yeuneHus.

11.20 OnpepgeneHune nNpornboB. >xene3ob6eToHHbIX ANIEMEHTOB Ha OCHOBE AedhOpMaLMOHHOW MOZENKM Mocre noxapa NpoussoanTcs no opmyne
(11.4). 3HaveHus kprBU3HbLI, BxoasLme B dopmyny (11.5), onpenensioT U3 pelleHns ypaBHEHWI Xene300eTOHHbIX XapakTepucTuK B
OXMaXOEHHOM COCTOSIHWUM C YHETOM BIMSIHUS TEMMNEpaTypbl Noxapa Ha MoAynb ynpyroctu 1 Aedopmanmmn 6eToHa cornacHo nn. 8.24 - 8.26.

Mogaynb ynpyroctu apmaTypbl Nocne BO3OeiCTBUS BLICOKO TEMMNepaTypbl NONHOCTLI0 BOCCTaHaBnuBaeTcs. MNocrne noxapa yunTblBaoT
[OMNOMHUTENbHBIE HAMPSKEHUS CxaTuWsl, BO3HMKAIOLLME B apMaType OT pas3sutua aedopmaunit ycaaku B 6eToHe. [na atoro crefyet npu6asuThb K
onpenensemoi aedopmMaL My 6eTOHa CxaTuIo £p2 AedopMaLnio YKopoUeHnst GEToHA OT TeMnepaTypHOM ycaku £cs MEHEE HarpeTol YacTu

CeueHUS:
€cs = dcsth (11.36)

rae dcs - k03hhULMEHT TeMnepaTypHO ycaaku 6eToHa, NnpuHuMaemMsblii no Tabn. 5.3 B 3aBUCMMOCTUN OT  tp - TemnepaTypbl MEHEE HarpeTon
4YacTu ceveHns anemeHTa. [pu AByx3HauYHOW antope gedopmaLnii 3Ha4eHne KpUBM3HbLI NO CEHEHNIO PaBHO:



1 ~ Ehomax

r x (11.37)
MakcumarnbHble Aedopman i 6eToHa £ max ONPEAENAOT Ha OCHOBE MOSOXEHUIA, NpUBEAeHHbIX B nn. 8.24 - 8.26.

[Ina anemMeHTOB C TpeLwHamMmn B pacTAHYTOM 30HE HaMpskeHue B apmartype, nepecekatoLemn TpeLwmHy, onpegenstoT no Cbopmyne:
Ogj = Esé‘si, (11 38)

rae £gj - yCpeaHeHHaa OTHOCUTENbHadA ,qed)opmau,vm pacmHyTon apmMaTtypbl B paCCManVIBaeMOVI CTaauun pacdeta, COOTBETCTBYOLLAA
J'IVIHel7IHOMy 3aKOHY pacnpeaeneHua ,qe(bopmaumﬁ No CeYeHUto.

12. KoHCTpyKTMBHbIE Tpe60BaHusl, 06ecneynBaloLine orHe COXPaHHOCTL e e 306 TOHHbIX KOHCTPYKLUI

12.1 lNpun KpaTKOBPEMEHHOM BbICOKOTEMMNEpPaTypPHOM OrHEBOM BO3AENCTBUM BO BpeMsl Noxapa B 6eToHe NPOUCXOAAT IM3NKO-XMMUYECKUE
npoLecchl, UBMEHSIIOLLME Er0 MEXaHU4Yeckne cBovicTBa. B Hauyane noxapa, npu temnepaTtype go 200°C, npoyHocTb 6eTOHa Ha cxaTue
NpakTU4eckn He nameHsieTca. lNpoucxoamT AONONHUTENbHAs rmapaTaumns KIMHKEPHbIX MMHEPAaroB 1 NOBbILLEHNE NPOYHOCTM 3anonHUTenen, 4yto
YNPOYHSAET CTPYKTYpy 6eToHa. Ecnv BnaxxHocTb 6eToHa Bbiwe 3,5 %, To npy orHeBoM BO3AenicTBuK U Temnepatype 250°C BO3MOXHO Xpyrnkoe
pa3pyLueHve 6eToHa. C nobieHneM TeMmnepatypbl 6eToHa go 350°C BcneacTeue BbichbixaHUsi 6eToHa HauMHaT 06pPa3oBbLIBATLCS TPELLUWHbLI OT
TemnepaTypHon ycagku 6etoHa (puc 12.1).

1 - 0o 250 °C - B3pbIBOOOpa3HOE Xpyrkoe paspyLleHne HapyXHoro crosi 6eToHa ¢ BnaxHocTbio 6onee 3,5 %; 2 - ot 250-350°C - B 6eToHe
06pa3sytoTcsl, B OCHOBHOM, TPELLUWMHbI OT TeMnepaTypHon ycaaku 6etoHa; 3 - 0o 450°C - B 6eToHe 06pasyroTcs TpeLLUMHbI, MPEUMYLLECTBEHHO, OT
pasHOCTU TemmnepaTypHbIX AedopMaLnii LEMEHTHOMO KaMHsi U 3anonHuTenen u cebille 450°C - HapyLLeHne CTpYKTypbl 6eToHa 13-3a
nervapaunn Ca(OH)2, korga cBoboaHasi M3BECTb B LLEMEHTHOM KaMHe racuTcsl Braroi Bo3gyxa ¢ yBenvyeHvem obbema; 4 - cabiwwe 573°C -
HapyLleHWe CTPYKTYpbl 6ETOHA 13-3a MOANGUKALMOHHOTO NpeBpaLleHust a-kBapLa B S-kBapL, B rpaHUTe, CONpPOBOXAOLLErocs yBenuyeHnem
obbema 3anonHuTens: 5- cebiwe 750°C -cTpykTypa 6eToHa NOMNHOCTLIO pa3pyLueHa

PucyHok 12.1 - HapylueHune cTpykTypbl 6ETOHA NOCrne BbICOKOTEMMEPATYPHOro OrHEBOTO BO3AENCTBUSE

lMpu BbICOKOTEMMEPATYPHOM BO3AeicTBUM cBbille 350°C B cTpykType GeToHa 06pasyloTcs U pas3BuBaloTcs MUKPOTPELUMHbI B
KpUCTannuaaL MoHHO peLLeTke LLeMEeHTHOTO KaMHsl. BHyTpeHHMe HanpshxeHUs U MUKPOTpPeLLMHbI, KOTopble 06pa3ytoTcs MpW HarpeBaHUM 13-3a
pasnuuns TemnepaTypHbIX AedopMaLuil B GETOHE, CHUXaOT NPOYHOCTb M NOBLILLAIOT AeOpMaTUBHOCTb GETOHA.

lMNocne Harpeea 6eToHa Ao TemnepaTypbl Boiwe 450°C B oxaXaeHHOM COCTOsIHUM cBOGOAHAs OKUCh KanbLus (M3BECTb) LLEMEHTHOMO KaMHsl
racutcsi Bnarovi Bo3ayxa, npy aTOM NpOUCXOAMT 3HAUMTENbHOE yBENUYEHNE 06bemMa MUHepana ¢ HapyLueHUeM CTPYKTypbl GeToHa.
TemnepaTypHasi ycagka LLeMEeHTHOTO KaMHs PU OAHOBPEMEHHOM PacLUMPEHUM 3amnorHUTEeNe HapyLUaeT CBA3M MexXIy HUMU U pa3pbiBaeT
LIEMEHTHBIN KaMeHb Ha OTAENbHbIE YacTu.

MopavdbmkaL MoHHble NpeBpaLleHNs KpUCTanIMyYeckoro a-keapua B B-kBapL, B rpaHuTe npu Temnepatype 573°C conpoBoXaalTcs 3HaYUTENbHbLIM
yBenuyeHnem obbema MyHeparna u CHUKEHNEM NPOYHOCTM 3anonHuTens. OxnaxaeHe 6eToHa BoOoW Npy NOXapoTYLIEHWUM Bbi3bliBaeT
[OMNONHUTENbHOE HapyLUEHUE CTPYKTYPbl B HAPYXKHbIX CIOsiX GeTOHa.

Mpy Temnepatype cabie 750°C 13 LEMEHTHOIO KaMHS yaansieTcst XMMUYeCky CBsi3aHHasi BoAa, U CTpyKTypa GeToHa NpofomKkaeT HapyLllaTbes
13-3a pa3HOCTM TemMnepaTypHbiX AedopMaLni BAXKYLLETO 1 3anonHUTenen.

12.2 B apmartype knaccos A240, A300, A400 n A500 nocne Harpesa go 600°C, knaccos A540, A600, A800 n A1000 nocne Harpesa go 400°C u
knaccos B500, Bp1200-Bp1500, K1400-K1500 nocne Harpesa go 300°C npOYHOCTHbIE CBOMCTBA BOCCTAHABNMBAKTCS.

12.3 Ana obecneyeHnss orHeCOXPaHHOCTU 1 PEMOHTOMPUIOAHOCTU Xene3obeToHHOW KOHCTPYKLUM Nnocne noxapa Heobxoanumo, YTobbl
paspyLuatoLmii crnoi 6eToHa, Harpethii 4o 450°C, nocne noxapa He okasblBan BIUSIHWS Ha AanbHEWLLYO SKCnyaTauuo KOHCTPYKUNK. ITO
MOXHO 0GEeCneqnTb PaccTOstHUEM OT OCKM apMaTypbl 10 HAarpeBaeMou rpaHu.

12.4 Mpn cTaHgapTHOM noxape AnuTenbHOCTb 90 MUHYT PaccTosiHWE OT OCU apMaTypbl 40 HarpeBaeMow rpaHu 6eToHa AOMKHO BbITb He
MeHee 35 MM, npu 120 MuH - 45 mm, npu 150 MyH - 55 mm, npy 180 MUH - 60 MM.

12.5 Bo n3bexaHuve Bbiny4mBaHNa NpOAONbHOM apMaTypbl NpY ee Harpeee BO BpeMsi noXapa HeobxoaMmo nNpedyCMOTPETb KOHCTPYKTUBHOE
apMupoBaHue XOMyTaMu 1 NONEPEYHLIMU CTEPXKHAMM.

12.6 KoHcTpyupoBaHue areMeHTOB AOMKHO 06eCneqnTb HarpeB HeHanpsiraeMon apmaTtypbl BO BpeMsi noxxapa He 6onee 500°C,
npeaBapuTenbHO HanpsbkeHHOW apmaTypel - He 6onee 100°C.

12.7 Ecnun cakTnyeckune npornd 1 packpbiTve TPELUMH Nocre noxapa NpesblialoT A0NYCTUMbIE 3HAYEeHUS, HO He MPensATCTBYIOT HOPMarnbHON
aKcnnyaTaumm 30aHusi U COOPYXeHUs1, JOMyCcKaeTCs He npegycMaTpuBaTh YCUNEHUE KOHCTPYKLMM NMMBO CHUXEHWE Harpysku.

13. MosicHe HUA K NPUNOXKEHNAM

MpunoxeHue A. TennoTexHNYECKMM pacyeToM onpeaeneHa TemnepaTtypa B NNTax U CTEHAX U3 TSHKENOro 6eToHa NAOTHOCTbIo 2350 Kr/m 3,



BraxHocTbio 80 2,5 - 3,0 %, Ha cunukaTHOM U kKapbOHaATHOM 3aMoONHUTENSX, @ TaKKe U3 KOHCTPYKLIMOHHOIO Kepam3nuToBeToHa NIOTHOCTbIO
1400-1600 kr/M3 ¢ BraXHOCTbIO 0o 5 %.

Temnepatypy ocu apmatypbl tg (puc. A.1 - A.6) npuHMMaloT No TemnepaTtype 6€TOHa Ha pacCTOSHUM OT HarpeBaeMo NOBEPXHOCTH A0 OCU
apmaTypbl.

Mpenen orHecToMKOCTM MO NOTepe HecyLlein CoCcOBHOCTH yCTaHaBMNMBAOT MO TOYKE NepeceHeHnsi TOpU3oHTanbHON NPSIMO Ha ypoBHE
KpUTUYECKO TeMnepaTypbl 6eToHa th o C KPUBOI Nporpesa criosi 6eToHa ToONWKUHOM at T o6orpesaemMon NOBEPXHOCTM A0 OCK PAcTSAHYTOMN

apmarypbl.

I'Ipe,qen OrHECTOMKOCTH MHOIOMYCTOTHbIX U peﬁpVICTbIX nnuT C pe6paMM BBEpX cnenyer onpenendatb Kak anda CniowHbIX NinT C KOS(b(bVILI,VIeHTOM
0,9.

TeMﬂepaTypa Tsbkernoro 6eToHa Ha CUMMKaTHOM 3anonHuTene B NnnTe BbicoTor 200 MM Ha I'IpOd’)VIJ'IVIpOBaHHOM HacTune ykasaHa Ha puc. A7n

MpunoxeHue B. TennoTexHWyeckum pac4eToM onpedereHa TemnepaTtypa B TSXKENOM OETOHE C CUMMKaTHBIM 3anofiHMTeneM nnoTHocTbio 2000
- 2400 kr/m3 1 BRaXHOCTbIO 2 - 3 % npu cTaHgapTHOM noxape. Temnepatypy B Tshxenom 6eToHe ¢ kapboHaTHbIM 3anonHUTeneM cnegyer

onpegensitb ¢ koadpuumeHTom 0,9 1 B KOHCTPYKLMOHHOM Kepam3nToBeToHe - ¢ koadhduumneHTom 0,85 no 3HaueHUo TemnepaTypsl,
Np1BEAEHHON B HOMOrpammax:

- ANsi KOJNOHH CeYeHneM:

200%x200 mm - puc. b.1; B.2;

300x300 mm - puc. B.3;

400%x400 mm - puc. b.4, B.5;

- Ans 6anok ceyeHneMm:

160x320 mm -puc. B.7;

300x600 mm - puc. b.8, B.9;

- Ons MOHONUTHOro pebpurcToro nepekpbiTus ¢ 6ankon cedeHem 160x320 mm 1 nnmTow TonwmHon 100 mm - puc. b.10, B.11:

~300x600 mm ~200 mm - puc. B.12 - B.17;

- Onsa OAByTaBpoBbIX 6anok ¢ wupuHow nonku 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.

Temnepatypy nporpesa 6eToHa, NpMBEAEHHYIO B NpunoxeHusax A n b, ncnonb3yloT npy pacyeTe OrHeCTONKOCTU U OrHECOXPaHHOCTH
ene300eTOHHbIX KOHCTPYKLL WA XKUIbIX, PaXaaHCKMX, CMOPTUBHbLIX, aAMUHUCTPATUBHBIX, MPOMbILLIIEHHBIX 30aHWUIA U COOPY>KEHWI U TOHHENen
MeTpo. [Ins xene3obeTOHHbIX KOHCTPYKLNIA aBTOAOPOXHBIX U XKEeNe3HOA0POXHbIX TOHHENEN, B KOTOPbIX MePeBO3AT roproYne XUAKoCTH,
[OomnycKaeTcsa 3HavYeHns TemnepaTypbl YMHOXaTb Ha 1,1, a Npy NnepeBo3ke YrneBoAOPOAHbIX ra3oB - Ha 1,2. [ins cknaackux NoMeLLeHun ans
XpaHEHWs Kayyyka, CUHTETMYECKMX MaTepuarnos, Macer, NakoB, KPacoK, CKVKEHHOro rasa, bymaru, 3epHa n Myku - Ha 1,25.

Temnepatypy 6eToHa B nnntax, 6ankax n KONoHHax, MMeILLMX NPOMEXYTOYHbIE pa3Mepsbl, YKadaHHbIe B NPUIMOXEHUAX, AONYCKaeTCa onpeaensTb
MHTepnonsauuewn, a umeroLmx 6onbLune 3HavYeHns - skcTpanonaumen. [na KOnoHH KPYrioro nonepeyHoro Ce4eHnss USMeHeHns TemnepaTypebl no

paanycy KOJIOHHbI AonyCcKaeTca onpeaenaTb Tak Xe, Kak U Mo OCU CTOPOHbI KBaﬂpaTHOVI KOJTOHHbI.

Mpunoxexne A

TeMﬂepaTypa nporpeBa 6eToHa B NnMTax U CcTeHax npn ogHOCTOPOHHEM OrHeBOM BO3AeNCTBUMN CTaHO4apTHOroO noXxapa

0-120 - rny6buHa nporpeBa GeToOHa OT HarpeBaeMoi NOBEPXHOCTU, MM

PucyHok A.1 - TemnepaTypa nporpesa Tsxenoro 6eToHa Ha CUMMKaTHOM 3anofHUTENe B NNUTax U CTeHax BbicoTow ceveHus 40, 60, 80, 100 n
120 MM npu 0QHOCTOPOHHEM OrHEBOM BO3AENCTBUN



0-200 - rmybuHa nporpeBa 6eToHa OT HarpeBaeMol NOBEPXHOCTU, MM

PucyHok A.2 - TemnepaTypa nporpesa Tsixernoro 6eToHa Ha CUMMKaTHOM 3arnonHUTENe B NNNTax U CTeHax BbicoToln ceveHus 140, 160, 180 n 200
MM Mpy 0QHOCTOPOHHEM OFHEBOM BO3AeNCTBUM

0-120 - rmybuHa nporpesa 6eToHa OT HarpeBaeMo NOBEPXHOCTU, MM

PucyHok A.3 - TeMnepaTypa nporpesa Tsbkernoro 6eToHa Ha kapboHaTHOM 3anonHUTENe B NNMTax U CTeHax BbicoTol ceveHns 40, 60, 80, 100 un
120 MM npu 0QHOCTOPOHHEM OrHEBOM BO3LENCTBUM

0-200 - rnybuHa nporpeBa 6eToHa OT HarpeBaeMo NOBEPXHOCTU, MM

PucyHok A.4 - TemnepaTtypa nporpesa Tsxernoro 6eToHa Ha kapOoHaTHOM 3anofIHUTENE B NMTaxX U CTeHax BbicoTow ceveHus 140, 160, 180 u
200 MM npu 0QHOCTOPOHHEM OrHEBOM BO3AENCTBUN



0-120 - rnybuHa nporpeBa 6eToHa OT HarpeBaemown NOBEPXHOCTU, MM

PucyHok A.5 - TemnepaTypa nporpesa KOHCTPYKLMOHHOTO kKepaM3nTobeToHa B NnnTax u cTteHax Boicoton ceveHus 40, 60, 80, 100 n 120 mm npu
OAHOCTOPOHHEM OTHEBOM BO3[EVCTBUN

0-200 - rmybuHa nporpeBa 6eToHa OT HarpeBaeMo NOBEPXHOCTU, MM

PucyHok A.6- TemnepaTypa nporpesa KOHCTPYKLMOHHOIO KepaM3nTobeToHa B NNMTax U cTeHax BbicoTon ceveHust 140, 160, 180 n 200 mm npum
OOHOCTOPOHHEM OTHEBOM BO3AENCTBUN

PucyHok A. 7 - Temnepatypa nporpesa Tskenoro 6eToHa Ha CUnMKaTHOM 3arnonHUTEnNe B NNMTax Ha NpogunMpoBaHHOM HacTtune (1) npu
OOHOCTOPOHHEM OrHEBOM BO3AENCTBUM AnnTeNbHOCTbI0 60 1 100 MyH



PucyHok A.8 - TemnepaTypa nporpesa GeToHa B NnMTe Ha NpodunmMpoBaHHOM HacTume (1) npyv 0O4HOCTOPOHHEM OrHEeBOM BO3LEVCTBUM
CTaHAapTHOro noxapa gnutensHoctbto 120 n 150 MuH

Mpunoxexune b

Temnepatypa nporpeBa 6eToHa B KONOHHaX, 6ankax u pe 6p1cTbIX KOHCTPYKLIUAX

PucyHok B.1 - Temnepatypa nporpesa 6eToHa B kornoHHe ceveHnem 200 x200 MM npu YETLIPEXCTOPOHHEM BO3AENCTBUM NoXapa AMUTENbHOCTbIO
30 1 60 MuH



PucyHok B.2 - Temnepatypa nporpeBa 6eToHa B kornoHHe ceveHmem 200 x200 MM npu YETLIPEXCTOPOHHEM BO3ENCTBUM NoXapa AMUTENbHOCTbIO
90 1 120 muH



PucyHok B.3 - N30Tepmbl B 6eTOHE KonoHHbI ceveHrem 300 x300 MM Npu YETLIPEXCTOPOHHEM BO3AENCTBUM CTAHAAPTHOMO NoXxapa
anutensHocTbio 30, 60, 90, 120, 180 1 240 MuH



PucyHok b.4 - TemnepaTypa nporpesa 6eToHa B konoHHe ceveHrem 400400 MM Npu YETbIPEXCTOPOHHEM BO3OEMCTBUM NOXapa OfMTENbHOCTbIO
30 1 60 MuH



PucyHok B.5 - Temnepatypa nporpesa 6eToHa B kornoHHe ceveHnem 400 x400 MM npu YETLIPEXCTOPOHHEM BO3ENCTBUM NoXapa AMUTENbHOCTbIO
90 1 120 MuH



PucyHok B.6 - Temnepatypa nporpesa 6eToHa B kornoHHe ceveHnem 400 x400 MM nNpv YETLIPEXCTOPOHHEM BO3AENCTBUM NoXapa AMUTENbHOCTbIO
180 1 240 muH

PucyHok B.7 - Temnepatypa nporpesa 6eToHa B 6anke cedyeHnem 160x320 MM Npu TPEXCTOPOHHEM BO3AENCTBUM NoXapa AnnTenbHocTbio 30,
60, 90 n 120 MuH



il

PucyHok B.8 - N3oTepmbl B 6eToHe 6anku ceveHrem 300x600 MM npu TPEXCTOPOHHEM OFHEBOM BO3AEWCTBUM CTaHAAPTHOrO noxapa
anutenbHocTbio 30, 60 1 90 MuH



PucyHok B. 9 - N3oTepmbl B 6eToHe H6anku ceveHmem 300 x600 MM npu TPEXCTOPOHHEM OrHEBOM BO3OEMCTBUM CTaHAAPTHOrO noxapa
anutenbHocTbio 120, 180 1 240 MuH

PucyHok b.10- Temnepatypa nporpeBa 6eToHa B MOHONIMTHOM pebpucToM nepekpbITum ¢ 6ankor cedeHnem 160%320 MM 1 MAUTOM TONMLMHON
100 MM npu noxape anutenbHocTbio 30 1 60 MUH



PucyHok B.11 - TemnepaTtypa nporpesa 6eToHa B MOHONMTHOM pebpuCTOM nepekpbITum ¢ 6ankor cedeHnem 160%320 MM 1 NAUTOM TOSMLIMHON
100 MM npu noxape anutenbHocTbio 90 n 120 MyH

PucyHok B.12 - Temnepatypa nporpeBa 6eToHa B MOHONMTHOM pebpuctom nepekpbiTun ¢ 6ankon ceveHnem 300 x600 MM 1 MAUTOMN TOMLLMHON
200 MM npu noxape anuTenbHocTbio 30 MUH



PucyHok B.13 - Temnepatypa nporpesa 6eToHa B MOHONMTHOM pebpuncTom nepekpbiTum ¢ 6ankorn cedeHnem 300600 MM 1 MAUTOM TOMLMHON
200 MM npwu noxape gnuTensHocTbo 60 MUH

PucyHok B.14 - Temnepatypa nporpesa 6eToHa B MOHONMTHOM pebpuctom nepekpbitun ¢ 6ankon cedeHnem 300 x600 MM 1 NANTON TOMLLMHOW
200 MM npu noxape anuTenbHocTbio 90 MUH
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PucyHok B.15 - Temnepatypa nporpesa 6eToHa B MOHONMTHOM pebpuctom nepekpbiTum ¢ 6ankon cedeHnem 300 x600 MM U NANTON TOMLLMHOW
200 MM npu noxape AnuTenbHocTbio 120 MUH

PucyHok B.16 - TemnepaTtypa nporpeBa 6eToHa B MOHONMTHOM pebpucTom nepekpbiTum ¢ 6ankor ceveHnem 300600 MM 1 MAUTOM TOSMLMHON
200 MM npu noxape anuTenbHocTbio 180 MUH



PucyHok B.17 - Temnepatypa nporpeBa 6eToHa B MOHONMTHOM pebpuctom nepekpbiTum ¢ 6ankon ceveHnem 300 x600 MM U MAUTON TOMLLMHON
200 MM npu noxape AnuTenbHOCTbIo 240 MUH

PucyHok B.18 - Temnepatypa nporpesa 6eToHa B AByTaBPOBOW 6arke co CTEHKON TonwwmHon 80 MM 1 nonkon wmpunHon 240 MM npu noxape
anutenbHocTbio 30 n 60 MUH



PucyHok B.19 - Temnepatypa nporpesa 6eToHa B IByTaBPOBOW Garke co CTEHKOW TonLmHon 120 MM 1 nonkoi wupuHoi 300 MM npu noxape
anutenbHocTbio 30 n 60 MUH

PucyHok B.20 - Temnepatypa nporpesa 6eToHa B ABYyTaBpOBOW HGarke co CTeHKoW TonwymHon 120 MM 1 nonkow wupuHon 300 Mm npu noxape
anutenbHocTbio 90 1 120 MuH



PucyHok B.21 - Temnepatypa nporpesa 6eToHa B ABYyTaBpOBOW HGarke co CTeHKon TonwpmHon 120 MM 1 nonkow wunpuHon 400 mm npu noxape
anutenbHocTblo 30 1 60 MUH

PucyHok B.22 - Temnepatypa nporpesa 6eToHa B AByTaBpOBOW HGarke co CTEHKOW TonwyHon 120 MM 1 nonkow wupuHor 400 Mm npu noxape
anvtenbHocTbio 90 n 120 MyH

MpunoxeHue B

OcHoBHble GyKBeHHble 0603Ha4e HUs
Ycunus oT Harpysku v TeMnepaTtypbi B none peyYHoM ceuYeHUU 3fie MeHTa Npu orHe BOM Bo3ae NCTBUM

Mp, M, Mg - narnbaroLwmin MOMEHT OT HOPMaTMBHOW M PacyYeTHOM Harpy3oK 1 OT TeMnepaTypbl B pe3dynbTaTe OrHEBOrO BO3AEWCTBUS;
Np, N, Nt - npogonbHas cuna oT HOPMaTUBHOM M PACYETHOW Harpy3oK 1 OT TemnepaTypbl B pesynbTaTe OrHEBOro BO3AENCTBUS;
Qpn, Q, Q¢ - nonepeyHas cuna oT HOpMaTUBHOWM U PACHETHOW HArpy3oK 1 OT TEMNepaTypbl B pe3ynbTaTe OrHEBOro BO3AENCTBUS;

U - ANNTEnNbHOCTb CTaHAAPTHONO NoXxapa,



Rpnt = RbnYbt - HOPMATUBHOE U pacyYeETHOE COMPOTUBNEHUSI BETOHA CXaTUIO;

Rb,tem = Rbybt

Rpint = RbtnYtt - HOPMaTMBHOE M pacyeTHOE CONPOTMBIEHNS BETOHA PACTSKEHUIO;

Rbtt = Rotvit

Rsnt = RsnYst - HOPMaTUBHOE ¥ pacyHeTHOE COMPOTUBIEHUSI apMaTypbl PACTSKEHWUIO;

Rst = Rsyst

Rsct = RscYst - Pac4eTHoe conpoTueneHne apmatypbl OKaTuio;

Rswt = Rsw¥st - pacyeTHOe ConpoTMBIIEHNE NONEPEYHON apMaTypbl PacTsKEHUIO;

Ept = EpBp - Mogynb ynpyroctu 6eToHa;

Epr - Mogynb aedopmaunmm 6eToHa;

Est = Egf3s - MOAynb ynpyroctu apmaTypbl;

Ybt, Vit - KO3PULMEHTBI YCNOBUI paboTbl GETOHA NPY CKATUN U PACTSHKEHUU;

Vst - K03thbdmumneHT ycnosuii paboTbl apMaTypbl NPU CxaTUM N PaCTSKEHNM;

Vst,cr - KPUTUYECKOE 3HauYeHne koaddmuveHTa yerosuin paboTbl pacTAHYTON apMaTypbl;

Bb, Bs - KOAPDULMEHTBI, yUUTbIBAIOLLME UMEHEHWS MOAYNEN yNpyrocTn 6eToHa n apmaTypsl;
®b, cr - KO3PMULIMEHT NON3y4ECTU CKaToro BeToHa;

apt, dcs, Ast - KOIPDMLMEHTBI TEMMNEepaTypHON U ycaaouHon aedopmMauum 6eToHa 1 TeMmnepaTypHoi aedopmalm apMmaTypbl;
&t Esc - TemneparypHas fedopmaums u gedopmauny ycaaki 6eToHa;

A, C, aregq - K03(hpmLeHTbl TENNONPOBOAHOCTU, TENIOEMKOCTU BETOHa U apMmaTypbl U NPUBEAEHHbIN KOAPDULMEHT TemnepaTyponpoBOAHOCTH
BeToHa;

€p0, €b2 - NPenenbHbIE OTHOCUTENbHbIE ,u,ecbopmau,vu/l beToHa npn oCeBoM CxXaTun 1 OOHOPOAHOM HanpAXXeHHOM COCTOAHUN U Kpal7|Hero
BOJIOKHa 6eTOHa CxaTon 30HbI, npn HEOAHOPOAHOM HaNPAXeHHOM COCTOAHUU;

£s0, £s2 - OTHOCUTENbHBIE AechopMaL Uy apMaTyphl Npu HanNPAXeHU, paBHoM Rt
Sy - paccTosiHne Mexay XoMyTamu;

e e'- PacCCToAHME OT TOYKU NPUSIOKEHUA I'IpO,EI,OJ'IbHOVI cunel N go paBHO,EleI;ICTBy}OLLI,eIZ yCI/IJ'IVIVI B apmMmaTtype COOTBETCTBEHHO Sus;

€( - SKCUeHTpucuTer I'IpO,ElOJ'IbHOIZ cunbl N OTHOCUMTENbHO LEeHTpa TAXeCTU nNnpuBeieHHOIro ceveHuns.

leomeTpuyeckne xapakTepucTmkm
a, a'- paccTosiHue OT paBHOAENCTBYOLIEN yeunuii B apMmaType S u S' [o Gnukaniien rpaHu ceveHust;

at - rmybuHa nporpesa 6eToHa [0 KPUTUYECKON TemnepaTypbl

hot - paboyas BbicOTa cedeHns Npu Harpese BeToHa CKaTomn 30HbI A0 KPUTUYECKON TemnepaTypbl 6eToHa th cr;

tp, ts - Temnepatypbl 6eTOHa 1 apmaTypsbl;

bt - LUMPWHA NPSIMOYrONbHOTO CEeYEHNs!, LUMpUHa pebpa TaBpoOBOro U ABYTABPOBOrO CEYEHUI NPU Harpeee GeTOHa [0 KPUTUYECKOW TeMnepaTypbl;

b'ft - LUMPUHA NOMKW TABPOBOIO U ABYTABPOBOIO CEYEHUI B CKATOMN 30HE NpU Harpese GeTOHa 40 KPUTUYECKO TeMnepaTypsbl.
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