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CBOA NIPABHNJ

YCWJIEHME XXEJE3OBETOHHBIX KOHCTPYKIUA KOMIIO3UTHHIMH
MATEPHUAJIAMH
IIpaBnna npoeKTHpPOBaHUSA

Strengthening of reinforced concrete structures by FRP composites
Regulation of design

Jara Beeaenus — 2014-09-01

1 O6nacTp npuMeHeHns

1.1 Hacroqminii cBox NpaBHI pPaclpoCTPaHACTCs Ha INPOECKTUPOBAHUE YCHIICHHS WK
BOCCTAHOBJICHHS )KEJIC300ETOHHEIX KOHCTPYKIEH 37aHUH H COOPYXCHHHM Ppa3iIH9HOIro
Ha3HA4YEHHs IyTeM YyCTPOHCTBA CHCTEMB] BHEHIHETO apMHPOBaHUA KOMIIO3HTHBIMH MaTepHajlaMH
U3 TEPMOPEAKTHUBHEIX 4[T€3NBOB, ADMHAPOBAHHBIX YIIIEPONHBIMH FIIH CTCKJIIHHBIMY BOJIOKHAMH.

1.2 CBox npaBuJ ycraHaBIMBaeT TpeSOBaHHA K pacueTy Kene300€TOHHBIX KOHCTPYKIHI,
YCHJICHHBIX WM BOCCTAHOBJCHHLIX CHCTEMAMH BHCIIHEIO ApMHPOBAHHS KOMITO3HTHBIMH
MaTepHalaMHi H IPOEKTHPOBAaHHIO VKa3aHHBIX CHCTEM MUIS YCHJIEHMS HIH BOCCTAHOBJICHHA
KeNE300€TOHHBIX KOHCTPYKIMH H3 TAXKEJOT0 H MENKO3EPHHCTOro OGETOHOB, Ha KOTOpEIE
pacnpoctpansores Tpebosanus CIT 63.13330.

2 HopmaTHBHbIE CCHIJIKH

B HacTosmieM cBoje IpaBHJI HCHOJB30BaHEl HOPMAardBHBIE CCHUIKM Ha CICKYIOLIHE
HOKYMEHTEL:

TOCT 25.601-80 Pacuers! ucnbTaHus Ha NMPOYHOCTb. MeTOB! MEXAHAYECKHX HCHBITAHHH
KOMIIO3MIMOHHBIX MaTepHAIOB C MOJMMMEPHOM MaTpHieil (KOMIO3HTOB). Meron WCHBITaHUS
IJTIOCKMX 00pa3IoB Ha pacTshKeHUe MPK HOPMATBHOM, IIOBBINEHHOM ¥ IOHIKEHHON TeMIEepaTypax

['OCT 6943.17-94 Crexnoonoxno. Tkauu. Herkansie mMatepuansl. Mertoa onpenenenus
IIMPHHBL B JUIHHBI

I'OCT 6943.18-94 Crexnosonokno. Txanu. Herkansie MatepHansl. MeToa ompeleneHus
TOJIIHHET

T'OCT 9550-81 ILnactMaccel. Metoap! ompeienieHust MOy YIPYTOCTH NP PaCTXEHHHU,
CKaTHU K H3rube

I'OCT 11262-80 Ilnactmaccel. MeTon HCHIBITaHHS Ha pacTsSKCHUE

T'OCT 14759-69 Kieu. MeTtox onpezie/ieHHA NPOYHOCTH [IPH CABUTE

I'OCT 15173-70 IlnactMaccsl. Merox onpeneneHus cpeHero Ko3gpQuImeHTa TNHEHHOro
TEIJIOBOTO PaCUIMPEHHS

T'OCT 17624-2012 BetoHbl. YIETpa3ByKOBOH METO/ ONPEAEICHUS IPOTHOCTH

I'OCT 18105-2010 Beroxpr. [IpaBuia KOHTPONS ¥ OLEHKH IPOYHOCTH

'OCT 18616-80 Ilnactmaccrr. MeTox onpeneacHus YCagku

H3nanne opuunasibHoe
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FOCT 22690-88 Berousl. OmpeneneHue HNPOYHOCTH MEXaHHYECKMMH METOMAMH
HEpa3pyInaromero KOHTPOJIs

['OCT 22904-93 Koucrpykiuu sxene3o0eToHHple. MarHMTHBIR METOA OIpEAeNICHH
TOJNIIMHBL 3AIMUTHOrO CJIos 6eTOHA U PaclooKEeHN apMaTyphl

['OCT 24297-2013 Bepudukanus 3aKymwieHHOH nmpoaykiun. Opraausanus NpoBeAeHUs U
METOAEI KOHTPOIIA

FOCT 26433.1-89 Cucrema ofecnedeHys TOYHOCTH I'SOMETPHUECKHX IapaMeTpOB B
cTpoutenbcTBe. [IpaBuia BEINONHEHNS U3MEPEHHH, DIEMEHTHI 3aBOICKOr0 N3rOTOBICHHS

['OCT 27271-87 Matepuais! 1akokpaco4Hble. MeTox KOHTpOIs CPOKa FoHOCTH

I'OCT 28570-90 Beronsl. MeToas! onpenesieHrs NPOYHOCTH IO obpa3naM, 0ToOpaHHBIM
¥3 KOHCTPYKIUH

I'OCT 28780-90 Kneu nosmMepHble. TepMUHE ¥ ONIpeACTICHUS

I'OCT 29104.1-91 Tkauu TexHuueckue. MeToAbl oNpeleleHUs JMHEHHBIX pPasMEpOB,
NUHEHHOM U HOBEpXHOCTHOH IIIOTHOCTEH

I'OCT 29104.2-91 Txauu TexHUYecKHe. Meron onpeaeneHUs TONMIHHEEI

I'OCT 31937-2011 3panms u coopyxeHus. IIpasuna obcnenoBaHus M MOHMTOpMHTA
TEXHUYECKOT'O COCTOSHES

I'OCT 32618.2-2014 TInactmacchl. Tepmomexanmueckuii anamm3 (TMA). Yacres 2.
Onpegenenue ko3¢ HLreHTa THHESHHOTO TEILIOBOTO pAaCHIUPEHNUS U TEMIIEPaTYPHI CTEKIIOBAHUA

TFOCT 32943-2014 Marepuansl I 3alMTEI U PEMOHTA OETOHHBIX KOHCTPYKLHI.
TpeGoBaHHs K KICEBLIM COCAUHEHHSM 3JIEMEHTOB YCHJICHHA KOHCTPYKITUH

T'OCT 54257-2010 HanexXHOCTh CTPOMTENBHBIX KOHCTPYKUMH H ocHOBaHuil. OCHOBHEIE
TIOTIOXKEHHS U TpeOOBaHHs

T'OCT P 53778-2010 3pmanus u coopyxenus. [IpaBuna obcmenoBaHHs ¥ MOHMTOPHHTA
TexHH4Yeckoro cocrosuus. Obume TpeboBanus

TOCT P 54559-2011 Tpy6s! n netanu TpyOONpPOBOJOB B3 PeaKTOIIACTOB, apMUPOBAHHBIX
BOJIOKHOM. TepMHHEI H OIIpeeIeHHs

TOCT P 55135-2012 IlnacrMaccel. JnddepeHnnansHas cKkaHUpYIOllas KalopAMeTpHs
(ACK). YacTs 2. OnpeneneHue TeMIEPaTyphl CTEKIOBAHMS

CIT 63.13330.2012 «CHwuII 52-01-2003 BeroHHble M Kene300CTOHHBIE KOHCTPYKIIHH.
OCHOBHEIE ITOJIOXKEHUA»

[Tpumedanue— [Ipn NoNb30BaHHK HACTOSIIMM CBOAOM TNPaBM HenecooOpa3HO MPOBEPUTHL AEHCTBHE
CCBUTOYHBIX CTAHZAPTOB (CBOXOB IIpaBUN W/MnM kiaccudukatopoB) B uHGOPMALMOHHON CHCTeMe oOLIEro
TOJ1b30BaHAA — Ha OULMATLHOM CaliTe HALMOHANBLHOTO oprana Poccuiickoi dejepalyivt Mo CTaHAAPTH3ALMY B CETH
HHTepHeT WM fI0 €XEroAHO U31aBacMOMYy YIH(t)OpMaLU'IOHHOMy yKa3atemo «HammonansHele CTaHAApPTHIY, KOTOPBlﬁ
onyﬁnmconan 110 COCTOAHWIO Ha | AHBApPA TEKyLIero roja, M IO BBITYCKaM €XEMECAYHO H3J1aBaeMoro
yHpOpMaLMOHHOrO Ykasartens «HaluoHabHbE CTAHAAPTHI» 32 TeKyIuii rof. Eciu 3aMeHeH CChUIOYHbIN CTaHAapT
(mOoXyMeHT), Ha KOTOpbIH JaHa HEAATHPOBAHHAS CCHLLIKA, TO PEKOMEHAYETCA HCMONBL30BaTh ACHCTRYIOUIYIO BEPCHIO
3TOro CTaHAapTa (HOKYMEHTa) C YYEeTOM BCeX BHECSHHBIX B IaHHYIO BepcHiO m3MeHeHHH. Ecii 3aMened ccpinoyHbli
CTaHIapT (}IOK}’MGHT), Ha KOTOprﬁ AaHa XaTHPOBAHHAsA CCHIIKA, TO PCKOMCHAYETCSI HUCNONb30BaTh BCPCUIO 3TOTO
cTaHjapra ([OKYMEHTa) C YKa3saHHbIM BBIIIEC TOAOM YyTBepxaeHMa (npumaTea). Ecim mocne yTBep)KACHMA
HacTOALUIETO CTaHZapTa B CChULOYHBIH CTaHIapT (I[OK}’MCHT), Ha KOTOpLIﬁ AaHa AAaTApPOBAHHAA CChlJIKA, BHECCHO
H3MEHCHHUE, 3aTparuBaloiee NnoJIOKEHNUE, Ha KOTOPO¢ AaHa CCBhUIKE, TO 3TO MOAOXKECHHE PEKOMCHIYETCA NMPUMEHATH
6e3 ydeTa MaHHOTO M3MEHEHMs. Eciu CCBUIOYHBIN CTaHAapT (AOKyMEHT) OTMEHEH 0e3 3aMeHbl, TO MONOXKEHHE, B
KOTOpOM 1aHa CCbLIKA Ha HEro, pCKOMEHAYETCA TIPHMCHATL B 4acCTH, HE 3a1'pamBalomeﬁ 3Ty CCBUIKY. Csenenus o

HEWCTBHM CBOAOB NPABKII MOXKHO NPOBepHTH B OelepansHoM HHPOPMALHOHHOM (OHE TEXHUYECKUX PErIaMEHTOB
¥ CTaHZApTOB.
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3 TepmunbI ¥ onpexeieHAs

B mactosmem cBome mpaBmi npuMeHeHsl TepMuHBl 1o ['OCT P 54559, a raxke
CJIEYIOIIME TEPMHHBI C COOTBETCTBYIOMIIMH ONPEAEICHUAMH:

3.1 ycurenne  xe1e300eTOHHOM  KOHCTPYKMH:  KOMIUIEKC — KOHCTPYKTHBHBIX
MEPONIPUATHH H TEXHOJIOTHYECKMX paboT, HalpaBleHHBIX Ha [TOBBIIEHHE HECYMIEH ClIOCOOHOCTH
¥ IKCIUTyaTal[IOHHBIX CBOMCTB KOHCTPYKIIHH.

3.2 BoccTaHoBJeHNe  (PeMOHT)  skele300eToHHONH  Komcrpykmmm:  Kommekc
KOHCTPYKTHBHBIX MEPOIPUATHI U TEXHOJIOTHYECCKHX paboT, HAMPABICHHBIX HA BOCCTAHOBIICHHE
HecylleH crmoco6HOCTH U IKCITyaTaliMOHHBIX CBOWCTB KOHCTPYKI[MH, HAPYHNICHHBIX BCIEACTBHE
Je(eKTOB U3rOTOBJICHUS HIIH B IPOLECCE €€ IKCIUTYaTAIlHH.

3.3 BHemiHee apmupoBaHue (kee300€TOHHONH KOHCTPYKIMH) KOMIO3HTHBIMH
mMaTepuajaMn: YCTaHOBKA HakJIeHBaHHEM Ha JKENIC300CTOHHYIO KOHCTPYKIHUIO H3JENHi
32BOJICKOTO U3rOTOBJEHMA M3 KOMIIO3MTHBIX MAaTepHayioB (IaMHHATOB) MJIH IOCIONHOE
HAKJICHBAaHHE TEPMOPCAKTHBHBIMH aITe3WBaMH H3JCNHH M3 HEOPEPHLIBHOIO YIJIEPOIHOrO HITH
CTEKJITHHOTO BOJIOKHA (XOJICTOB, CETOK H JAPYTHX TKaHbIX MAaTEPHAIOB) C MOCIECAYIOMMM
OTBEPXJIEHHEM H 00Pa30BaHHMEM ONHOCIOHHOIO HIIM MHOTOCIOMHOrO KOMIIO3UTHOTO MaTepHraa.

3.4 cucTeMa BHEIIHEro apMHPOBAHHMS KOMIOIHTHRIMH MaTepuagamm: CHCTeMa,
COCTOSAIIAd M3 KIJIEEBOTO €105, 00pa3oBaHHOIO OTBEP)KAEHHBIM TEPMOPEAKTHBHBIM AIATE3MBOM,
OJTHOCJIORHOTO HJIA MHOTOCJOHHOIO KOMIIO3MTHOTO MaTepHaja M, HpPH HEO0OXOAMMOCTH,
3alIMTHOTO CJIOA, OOECHECYHMBAIOLIETO 3aUIMTY CHCTEMBI OT BO3JEHCTBHA ITOBBIUEHHBIX
TeMIlepaTyp, OTKPHITOrO0 INJaMeHH, YTbTPaHONETOBOrO H3NyYeHHUS H MEXaHHYECKHX
MOBPEXKICHUH.

Mpumeyanne — 3amWTHLI cI0l HAHOCAT B COOTBETCTBUU C [IPOSKTHOM NOKYMEHTALMEH Ha YCWICHHE
WM BOCCTAHOBJEHHE KeNe300€TOHHOH KOHCTPYKITHH.

3.5 namunater: T'OTOBBIE VIS YCTPOHCTBa BHEHIHETO AapMHPOBaHHA KOHCTPYKIMMM
MHOTOCJIOMHBIE IIOJIOCH! DPa3iHYHOM TONIMHBI ¥ IIMPUHBI, H3TOTOBICHHBIE B 3aBOJACKHX
YCIIOBHSIX ITyTeM IPOIMTKH M FOPSYET0 PECCOBaHMS.

IIpuMeuanusda

1 JJaMHHaThl M3rOTABNMBAIOT B BHAE NONOC WIM IUIACTHH PadjiMMHON IJIMHBI, UIMPHALI ¥ TOJIUMHSL, KaK
1paBUiI0, OAHOHANPABICHHO APMUPOBAHHBIX.

2 B TexHuueckoll KOKyMEHTAUMM OTACABHBIX H3TOTOBMTENEH BMECTO TEPMMHA «JIaMHUHAT» YNOTPeGAsIOT
TEPMHAH «NAMENBY.

3.6 yiemeHTBI ycmienms: JlaMuHAaTBI HMNM  MX 9acTH, WIM YacTH H3AENHA M3
HENPEPLIBHOTO YIJICPOJHOIO MM CTEKIAHHOTO BOJIOKHA (XONCTHI, CETKH M JAPYTHE TKaHBIC
MaTepyaibl), pa3InIHON JUIMHBI H MIMPHHEI, IOATOTOB/ICHHEIC JUIT HAKJICMBAHHA Ha OCHOBaHHE
xe1e300eTOHHON KOHCTPYKIUH.

3.7 agre3us (TepMopeakTHBHBIH): Knesmuli cocTaR M3 TEpPMOPEAKTHBHON CMOJBI LA
HaKICHKY JJAMHHATOB WM IIPOMUTKH H HAKJICHKY U3JENHHA U3 HENPEPHIBHOTO YIIEPOAHOTO HIIH
CTEKJISHHOrO BOJIOKHA (XOJICTBI, CETKM M JApYrHe TKaHble MaTepdalbl) HAa OCHOBAHHE
KeNne300€TOHHOH KOHCTPYKITHH.

IT pPHMEYaHUEC— Tloxn TCPMOPCAKTHBHBIM aAT¢3UBOM B HACTOJILESM CBOAC MPpaBW NOHNUMAIOT AATE3HB HA
OCHOBEC 3MOKCHAHLIX CMOJI.

3.8 npaiimep: Matepuran, NpUMEHACMBIN UL NpeNBApUTENbHOM NOATOTOBKA OCHOBAaHHUA
Kene300eTOHHOM KOHCTPYKIIUH Iiepe) HAaHECCHUEM a/ire3HBa.
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3.9 ocHoBanme (kesiezo0eronHoll KoHCTpyknmH): IloBepxHocTh sKene306€TORHOMH
KOHCTPYKIIHMH, Ha KOTOPYIO HAKIEHBAIOT JaMHHATHI WJIH M3[EHA U3 HEIPEPHIBHOTO YTIEPOIHOrO
HIH CTEKJISHHOTO BOJIOKHA (XOJICTHI, CETKY M APYTHE TKaHBIC MaTepHalibl) NIPH €€ YCHICHHH HIH
BOCCTAHOBJICHUM BHECHIHMM apMHPOBaHUEM U3 KOMIIO3HTHBIX MAaTCPHAANIOB.

4 Oburue TpeboBanus

4.1 llpoexTHpoBaHHE YVCHIEHHWs WIH BOCCTAHOBICHHA OJKENE300€TOHHBIX KOHCTPYKIMHH
creayeT NPOBOJUTE Ha OCHOBE Pe3y/IbTaToB MX HaTypHOro 00CIe0BaHAA B IOBEPOYHOTO PacyeTa.

42 B pe3ynpTaTe HATYpHBIX 0OCJEAOBAaHMH AO/DKHO OBITH YCTAHORJIECHO: COCTOSHHE
KOHCTPYKL{HH, TEOMETPHYECKHE Pa3Mephbl KOHCTPYKIIAI, apMHPOBaHAe KOHCTPYKIHH, IPOYHOCTD
6eToHa, BUM ¥ KJIACC apMaTypHI X €€ COCTOSHME, TPOTHOB! KOBCTPYKOHMEH, pacHONIOKEHHE TPEIHE
¥ UWIMPWHA HMX DacKpBITHS, pasMephl M Xapaxtep AeheKTOB M NOBPEXKACHHH, NEeHCTBYOINHE
Harpy3KkH, CTaTHYecKas cXema KOHCTPYKLME. )

Hatypesle ofcrmenoBarus cIeAyeT HpOBORHTE ¢ ydetoMm TpeGopammit I'OCT 31937,
I'OCT 17624, TOCT 22690, TOCT 22904, I'OCT 28570, "'OCT 18105, TOCT P 53778.

4.3 Ilorepounbie pacyeThl KOHCTPYKIHMH CJEAyeT IPOBOAUTH Ha OCHOBE IIPOCKTHBIX
MaTepHaJIOB U PE3YJIbTaTOB HATYpHBIX obcnenoanuil U ¢ yueroMm Tpebopanuit CIT63.13330 n
T'OCT 54257.

4.4 PacueTHble CXEMBI IIPH HPOBEACHHH IOBEPOUHBIX DPacuyeTOB CJIENXyeT INPHHUMATH C
YYETOM YCTaHOBNCHHBIX (AKTHYCCKHX IEOMETPHYECKMX pa3MEepOB H  KOHCTPYKTHBHBIX
OTKJIOHEHUH OT IPOEKTa B OTJEIIbHEIX INEMEHTaX KOHCTPYKIIMY H UX COCTUHEHHAX.

4.5TIpy mTpoBeNEHHM IIOBEPOUHBIX pacdeTOB MOJDKHBI OBITH yuTeHBl JAedexTHl H
HOBPEXACHNA KOHCTPYKIIHH, BBLIB/ICHHEIC B IIPOLECCE HATYPHEIX 00CIICIOBaHHA:

- CHH)KEHHE IIPOYHOCTH;

- MECTHBIC TIOBPEXACHHUA WM pa3pylueHus 6eToHa;

- 0OpBIB apMaTypsl;

- KOPPO3Hs ApMaTYpHI;

- HapylIeHHe aHKEPOBKH H CLEIUTEHHs apMaTyphl ¢ 6€TOHOM;

- o0pa3oBaHHe B PACKPLITHE TPEIIMH H JIpyTHe.

4.6 IToBepouHbIE pacHEThI CIEAYET IPOBOMNTE MO HECyIeH cnocobHOCTH, AedhopManiaM 1
TPEIUHOCTOUKOCTH,

4.7 Ha ocHOBE IIOBEPOYHBIX PACUETOB CHEAYeT YCTaHOBHUTEH IPUTOJHOCTE KOHCTPYKIMH K
9KCILTyaTalMy, HeOOXOAUMOCTD MX YCHICHHS MM MONHYIO HEIPHTOAHOCTH KOHCTPYKIHH.

Jns KOHCTpYKLHMH, He yROBIETBODPSIOMMX TpeGOBaHMSIM MOBEPOYHBIX PacdeToOB MO
9KCIUIyaTallMOHHON IIPHTOJHOCTH, JIOIYCKAacTCs HE IpPeAyCMaTpHBarh YCHICHHE, CCIH
¢akTHueckue NporuOhl MPEBLINAIOT JOMYCTHMBIC 3HAUCHHS, HO HE NPEHATCTBYIOT HOPMAIbHOH
9KCIUIyaTallud, a TaKkXke eclM (GaKTWuecKoe PaCKpHITHE TPCIMH IIPEBBIIACT NOMYCTHMEIE
3HaUCHHS, HO HE CO3JaeT ONACHOCTH paspyLICHHA.

4.8 Jlonyckaetcs IpK BOCCTAHOBJICHAM KOHCTPYKIMH HE IPOBOJMTE IIOBEPOTHEIE PacyeTh
[0 3KCIUTyaTallMOHHOH NPHIOAHOCTH, €C/IM NEepeMCEINCHAS M INMPYHA PacKpBITHS TPCIIHH B
CYIIECTBYIOIMX KOHCTPYKIMAX MPH MaKCUMANBHEIX (PaKTHUCCKUX HArpy3Kax He IPEBOCXOIAT
[OTIYCTHMBIX 3HAU9eHHUH, a YCWINA B CCYEHUAX NMEMEHTOB KOHCTPYKIHHA OT HPOEKTHBIX HArpy30K
HE NPEBBIIAIOT 3HAYeHUH YCHIHH 0T hakTHIecKH eHCTBYIOIEX HArpy30K.
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4.9 CucteMa  BHEIIHEr0 apMHPOBaHHS  KOMIIO3HTHBEIMH  MarepuagamM  JOJDKHA
obecneynBaTh BKIOYEHHE B pabOTy COCTaBHBIX dacTell CHCTEMBI H MX COBMECTHYIO paGoTy C
YCHJIMBAEMOH MIIM BOCCTAHABIHBAEMOH KOHCTPYKLHEH.

4.10 MuHMMAaTbHO XOMYCTEMBIN daxTHYeckuil Kiacc GeTOHa [0 HPOYHOCTH Ha CXKATHE
CYIIECTBYIOIEH  KOHCTPYKIMM,  YCHIIMBa€MOH WM  BOCCTAHABJIMBACMON  BHEIIHHM
apMHPOBaHHEM H3 KOMIIO3HUTHBIX MaTEpHAIOB, HOIKEH COCTABIIATh HE MEHEE:

- B15 — npu ycunenun uaru6aeMblx KOHCTPYKITHIA;

- B10 — npu ycuIeHHH CKaThIX KOHCTPYKLHH.

4.11 He nomyckaercs NPOBOAMTbL YCHJIEHHE 3JIEMEHTOB C KOPPOIMPOBAHHOM CTANLHOM
apMaTypoii 6e3 ycTpaHeHUd IPHYHH U IPOJYKTOB KOPPO3IHH.

He pexoMeHnyercs NpOBOAMTE YCWJIEHHE BHCIIHMM apMHpPOBAaHHEM H3 KOMIIO3WTHBIX
MaTepHaIoB M3rHOaeMbIX KOHCTPYKIHH, M1 KOTOPHIX NOBEPOYHBIMHU pacueTaMH YCTAHOBIEHO,
9TO BBICOTA CXKaTOf 30HBI O€TOHa NpH pacdeTe IPOYHOCTH [0 HOPMABHBIM CEUEHHAM
YCHIHBAaEMOH  KOHCTPYKI[MM TNpEBBIIAET €€ TPaHWYHOS 3HAYCHHE, YCTAHOBJIIEHHOE
B CII 63.13330.

4.12 MakcumaibHass —TeMIlepaTypa SKCIUIyaTaly  JKejle300eTOHHOM  KOHCTPYKIHH,
YCHJICHHOH WM BOCCTAaHOBICHHOH CHCTEMOM BHEINHETO apMHUPOBAHHS W3 KOMIIO3HUTHBIX
MarepHanoB 0e3 3al[UTHOrO CJIOsA, HE JOJ/DKHA IPEBBINATh TEMIEpaTypy CTeKIOBaHHS
KOMITO3UTHOTO MaTepHasa 1 (HIH) TEPMOPEaKTHRHOTO a/irc3HBa.

4,13 TIpy TNpPOESKTUPOBAHMM CHCTEMBI BHEIIHETO apMUPOBAHHA K3 KOMIIO3HTHBIX
MarepuagoB HEOOXOAMMO HCKIIOMHTH B IIPOHecce SKCILIyaTally NONaJiaHHe Ha CHCTEMY
IPSAMBIX COJHEYHBIX JTydell, B TOM YHCIIe IIyTeEM YCTPOMCTRA 3al(HTHOIO CHOSL.

4.14 B cny4yae HeoOxomuMocTH oOecIieveHHs NOXKapHOHW 0€30MacHOCTH W 3al0HTHI OT
IOBPSKACHHME KOMIIO3WTHBIX MAaTEPHATIOB CHCTEMBI BHEHIHErO apMHMpPOBaHHA, CHERyeT
IpeXyCMOTPETh YCTPOHCTBO 3alllHTHOTO CJIOA H3 CHEHMABHEIX OFHEYIIOPHBIX COCTABOB,
COBMECTHMBIX C aire3MBaMH Ha OCHOBE STMIOKCHIAHOM CMOJIBL

4.15Tlpy TIpOEKTHPOBAaHMM CHCTEMBI BHENIHETO AapPMUPOBAHMS M3 KOMIIO3HTHBIX
MaTepHAaIoB JUI JKCIe300€TOHHBIX KOHCTPYKLHH, 3KCIUIyaTHPYEMbIX B YCIOBUSAX MEpPeMEHHOM
BIAXKHOCTH, CIEAYET NPEJyCMOTPETh BO3MOXKHOCTh MUTPALIAH [TApOB BJark U3 Tena GeTona.

4.16 PacaeT OrHECTOMKOCTH KOHCTPYKLHWH, YCHJIEHHE MM BOCCTaHOBJICHHE KOTOPHIX
BEINOJIHEHO O3 ycTpoiicTBa IPOTHBONOXKAPHOM 3allMTHI CHCTEMBI BHEIHEr0 apMHUpPOBAHHA M3
KOMIIO3UTHBIX MAaTepHasoB, CHeAyeT NPOBOJUTH 0e3 ydeTa pabOTHI CHCTEMEI BHEIIHETO
apMHpPOBaHHS.

4.17 Pacyer KOHCTPYKIMH, YCHICHHBIX BHEIIHMM &pMHPOBAHHEM M3 KOMIIO3HTHBIX
MaTepHanoB, clIefyeT IOpOBOAUTR MO  Hecymueidl cmocobHoctd, JgedopMmamusM
TPEIUHHOCTOMKOCTH.

5 MartepuaJbl
5.1 TpeGoBanug K COCTABHBIM 4YacTSM CHCTEMBbl BHEIIHEr0 AaPMHPOBAHHA
M3 KOMIIO3UTHBIX MaTepHaJIOB

5.1.1 Marepuainbl, IpUMeHIEMble i YCHUJICHHS HIM BOCCTAHOBICHHS XKEIC300€TOHHBIX
KOHCTPYKIMH, JOIDKHEL COOTBETCTBOBATh TPeCOBAHHMSM  JEHCTBYIOMMUX  HOPMATUBHEBIX
JNOKYMEHTOB, HMETh COHPOBOAMTENBHYI0 JOKYMEHTAIIHIO, HOATBEPK/AAIOILYIO HX COOTBETCTBHE

5
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HOPMaTHBHBIM TpeGOBaHMSAM, BKIIOYas MACIIOPTa KA4eCTBa M (MJIH) MPOTOKOJIbI MCIBITAHUHA, U
JOJDKHBI TOZIBEpraThcs BXogHoMy kouTposmo mo I'OCT 24297,

5.1.2 XapakTepUCTHKH MAaTEpHaJOB, COCTABISIOIMMX CHCTEMY BHEIIHEIO apMHPOBAHHSA
JIOJDKHEI COOTBETCTBOBATH TPeOOBaHUAM, IIPHBEICHHBIM B Tabmume 1.

Tab6numa 1 - XapakTepHeTHKBE MATEPHANOB, COCTABIAIMMUX CHCTEMY BHEHIHEro

apMHpOBaHHus
HaumeHoBauue noxasares | 3uauenme nokasatens | Meron KoHTpos
Jing X0oncTOB, CETOK U APYTHX TKAHBIX MaTEPHAIOB H3 YTIEBOJIOKHA
Ipoutocts, Mlla, He MeHee 1000 FOCT 25.601
Mogyas ynpyrocts, ['Tla, e menee 55 roCT 25.601
KoadduitueHT T1HeliHoro Tennosoro pacimupenus, °C
- NPOAOABHBIH (-1-0)- 1076 TOCT 15173
- NOMepetHEbI (22-50) - 107
Jins TaMHUHATOB, apMUPOBAHHBIX YIIEBOJIOKHOM
Ipounocts, MIla, He McHee 1600 I'OCT 25.601
Mogayns ynpyrocty, I'Tla, He Menee 150 I'OCT 25.601
Temnepartypa ctexnosanud, °C, He MeHee 40 roCT 32618.2
TOCT P 55135
Ko3¢¢UumeHT THHEHHOro TeMoROro paciuypenus, °C
- IIPOAOBHEIH (-1-0)- 10°° I'OCT 15173
- TTONepeYHbIH (22-55) - 107°
JU1s XONCTOB, CETOK M PYTHX TKAHBIX MATCPHATIOB U3 CTEKJIOBOJIOKHA
Ipounocts, MIla, He MeHee 520 I'OCT 11262
Mogpyne ynpyroctH, ['Tla, He menee 15 I'OCT 9550
KoshduumeHT uHeiHOro Tennosoro pacuupetns, °C ™ :
- IIPOAOTBHBIEH (6-10)- 107 FOCT 15173
- NonepeYHsId (19-23) - 10°°
Jinst 1aMUHATOB, apMHUPOBAHHBIX CTEKIOBOJIOKHOM
IIpounocrs, MIla, He MeHee 520 TOCT 11262
Mogayns ynpyrocth, I'Tla, He menee 15 I'OCT 9550
Temneparypa crekioBanud, °C, He MeHee 40 I'OCT 32618.2
T'OCT P 55135
KoadpUiHEeHT THHERHOTO Ten1080ro pacuupenns, °C ~ :
- IPOAOBHBILH (6~10) - 107 FOCT 15173
- TOTIepEUHEIH (19-23)- 10°°
Jing agresuBop*
Bpemst OTKpBITON BBLASPKKH 3aspneHHOE 3HAUCHHE
420 % TOCT 28780
XKusnecrniocobHOCTE 3asBieHHOE 3HaYCHHE
+20 % I'oCT 27271
Moaysnb ynpyrocty npu cxatau, H/mm?, He menee 2000 T'OCT 9550
IIpoyHoCTH TIpH CHBHTE, H/MMZ, HE MeHEe ) 10 I'OCT 14759
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Oxonuarive mabruys 1

HaunMenoBaHHe nokasarens 3Ha4YeHHe MOKa3aTeNs Meroz xoHTpONA
Temneparypa crewiosanus, °C, He MeHee 40 I'OCT 32618.2
TOCT P 55135
Koadduurent nunelHoro Teriosoro pacuupeus, °C ~, 10-10° LOCT 15173
HE MeHee
VYcanka, %, He Gonee 0,1 T'OCT 18616

*CornacHo tpebosannsm [OCT 32943,

5.1.3 HoMuHaneHble MHMPHHA M TOJNIIMHA XOJCTOB, CETOK M APYTMX TKaHBIX MaTepHAIOB
H JIaMHHATOB JOMDKHBI COOTBETCTBOBATH TPEOOBAHMSAM, YCTAHOBJACHHBIM B TEXHOJOTHYECKOU
JOKYMCHTAllHH HAa H3TOTOBJICHHE, W JOJKHBI OBITH MOATBEP)KAEHBI NPH BXOXHOM KOHTpOJE
MaTepHaIoB A0 YCTAHOBKM CHCTEMEI BHEIIIHETO apMUPOBAHKUS B COOTBETCTBUH ¢ Ta0nuueit 2.

Tabnunma 2

HammenoBanune nokasaress | MeToa KOHTpOIIA
JU1s XOJICTOB, CETOK M APYTMX TKAHBIX MAaTEPHAJIOB H3 YIJIEBOJIOKHA
upuna, MM I'OCT 29104.1
TonmmyHa, MM I'OCT 29104.2
JU1s XOJICTOB, CETOK M APYTHX TKaHBIX MATEPHATIOB H3 CTEKJIOBOJIOKHA
1upuna, mm I'OCT 6943.17
Tonmuna, MM T'OCT 6943.18
JU1 laMUHaTOB, ApMHUPOBAHHLIX YTTIEBOJIOKHOM HIIM CTEKJIOBOIOKHOM
LIupuna, MM T'OCT 26433.1
Tonumua, MM T'OCT 26433.1

5.2 HopMaTHBHBIE H pacyeTHbIE XaPAKTEPUCTHKH KOMIO3UTHBIX MATEPHAIOB

5.2.1 OCHOBHBIMM  TOpPOYHOCTHBIMH H  JcGOpMAIlMOHHBIMH  XapaKTCPHCTHKaMH
KOMIIO3HTHBIX MaTepPHAJIOB JUIS pacdeTa JKeJe300eTOHHBIX KOHCTPYKLH, YCHIICHHBIX BHELTHUM
apMHpPOBAaHHEM U3 KOMIIO3HTHBIX MATEPHAJIOB, SBIIIOTCS HOPMATHBHEIE 3HAYCHUS:

- CONPOTHBIICHUS PacTskeHuo Ry 5
- MOJIy/sl YIPYTOCTH NpH pacTsukeHun £ ¢ ;5
- IIPEJEbHBIX OTHOCHTENBHBIX AehopMalvit € 1 .y 5

- Koo duHeHTa NonepedHoH fehpopManuu | fin-

5.2.2 3HayeHus CONPOTHBJICHUS PaCTAKEHUIO, MONYNS YIPYTOCTH NIPH PAacTHKCHHH H
ko3¢ pureHTa nonepeuHoit nedopmanuu onpenensot o 'OCT 25.601.

5.2.3 HopMaTuBHBIE 3HAYCHHSA CONMPOTHBJICHHUSA PACTSDKEHMIO, MOXYIS YIPYFOCTH IpH
pacTaXeHHMH, NpeJeNbHEX OTHOCHTENPHEIX pAedopMamuit M KkodhpUIHECHTa NONEpeYHOl
JedopMalMK cleNyeT NpMHMMATh PAaBHBIMH 3HAYCHUAM, YCTAaHOBJICHHBIM MO pe3ynbTaTaM
Henbrranuil o6pasios mo 'OCT 25.601 ¢ obecneyennocThio 0,95.
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5.2.4 PacgeTHBle 3HAUSHHSI MOXYJIS YIPYTOCTH H Kod(hduunenTa monepeunoi redopManuu
clenyeT NPHHAMATEH PABHBIMH HX HOPMATHBHBIM 3HAYECHHUSM.
5.2.5 PacyerHoe 3HAuYCHHE COIPOTHBICHUS PACTDKCHUIO Ry CIERYET ONPENENATH o

¢dopmyne
_InYr2Ren

R
S 1/

(5.1)

rae Y s —KO3QQUUHEHT HAAEXHOCTH IO KOMIO3MTHOMY MaTepHaly, NPMHHMAcMbIi IIpH

pacueTe M0 NpeAeIbHBIM COCTOSHHUAM BTOPO# rpynis! pasHeM 1,0, a IpH pacyere 1o
TpeneNbHBIM COCTOSHUSIM NEPBOH IPYIITEI paBHBIM:

1,2 — nns yrekoMIosura;

1,8 — ig CTEKJIOKOMITO3HTA.

Y y1 — koo duupent ycnoBuii paboTsl KOMIO3UTHOTO MaTepraa, NPUHAMAEMBIH 10 Tabmue 3
B 3aBHCHMOCTH OT THNA KOMIO3UTHOIO MarepHajia M YCJHOBHH OSKCITyaTallMH
KOHCTPYKIHH;

Y r2 — K03 dUIUMEHT ycnoBui pabOTH! KOMIO3UTHOIO MaTePHalla, YIUTHIBAIOMMHA CUCIIEHHE

KOMITO3UTHOTO MatepHaina ¢ 6ETOHOM, OIpeaeseMblii o popMye

1 Ry
= <0,9, 5.2
YfZ 2, 58f,ult nEftf 5-2)

rac € foult — 3HA4YEHHUC NPCACIILHBIX OTHOCHTCIBHBIX ,uedaopmannﬁ KOMITIO3HUTHOI'0O Marcpuaia,

ompenensemoe 1o dopmyne (5.4) upm 3HaueHum R £, BBMMUCICHHOM IO

dopmyite (5.1),upu ¥ 2= 1,0;
1 — YHCIIO C/IOEB KOMIIO3UTHOIO MaTepHaa;
tr— 6e3pa3MepHBIH I1apaMeTp, YHMCICHHO DPABHBINH 3HAYEHWIO TOMIMMHEl OJHOTO CJIOS
KOMIIO3UTHOrO MaTepuana, Mu;
E/— Monynb yIpyrocTH KOMIIO3HTHOTO Matepuana, Mlla;
Ry — pacueTHOe 3HaYeHHe COMPOTHBIEHN OeToHa oceBoMYy CxaTHo, MITa.
Honyckaercs OpH pacdere MO NPEACTbHBIM COCTOSHMAM IIEpBOH TIpPYNIBI 3HAYECHHE

KO3 (UIHEHTa HANEKHOCTH Y ¢ AJIS JIAMAHATOB IPHHAMATH 110 JAHHBIM H3TOTOBHTEN, HO HE

MeHee, yeM 1,1,

IIpu pacuere xeie300€TOHHBIX KOHCTPYKI(MH, YCWICHHBIX BHCIIHHM apMHpPOBAHHEM H3
KOMITO3UTHBIX MaTepHalioB, U0 MPEACIbHBIM COCTOSHHUAM MEPBOH IPYNIHl Ha ACHCTBHE TONBKO
MOCTOSIHEBIX M IJIMTENBHBIX HAarpy30K pacuyeTHOE 3HAYCHHE COIIPOTHBJICHHS DACTDKCHHIO
KOMIIO3HTHOTO MaTepyaia cleAyeT IPHHUMATh PaBHbBIM:

Re=Y71Yr2Yr3Rs 5, (5.3)
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roe Y f3- KOS(I)CI)I/IIIHGHT CHHXXCHUA HOPMaTHUBHOT'O COITPOTUBJICHUSA PacTKCHUAIO

KOMITO3MTHOTO MaTepHana IpH IJIHMTENbHOM MAEHCTBHM HOPMATHBHOM Harpy3KH,
TIPHHAMAEMBIH paBHBIM:

0,8 — 11 YTIEKOMITIO3UTE,

0,3 — 1Jis CTEKIIOKOMIIO3MTA.

Ta6nuna 3 - Kodpdpuuments! ycaosnit padors! 1 KOMIO3UTHOI0 MaTepuajia

3nayenue KooduUMEHTa ¥ ] MIA
VcnoBus 3KCILTyaTaliiM KOHCTPYKLIMK Tun:i«a);(enommoro XOJICTOB, CETOK U
puana JIAMHHATOB JPYIHX TKaHbIX

MaTepuaios
Bo BHyTpeHHHX MOMEILEHHIX YrnexoMnosut 0,95 0,9
CTEeKIIOKOMITO3UT 0,75 0,7
Ha otkpeiToM BO3YXE VriekoMnosur 0,85 0,8
CTEeKIOKOMIIO3HUT 0,65 0,6
B arpeccuHotii cpee YriekoMnosur 0,85 0,8
CTeKI0KOMNO3UT 0,5 0,5

5.2.6 PacyeTHOe 3HayeHWe IIPEJENBHBIX OTHOCHTENBHBIX JedopMaluii KOMIIO3UTHOTO
MATEpHaa € 7, CIICAYET BEIMHCIATE 0 GopMmyIe

% (54)
Efuit =4 - ‘
Ef

5.2.7 PacueTHOE 3HAYEHHME COIPOTHBIICHUS KOMIO3HTHOT'O MaTEpHaia PaCTSXKEHHIO HpPH
pacyeTe NPOYHOCTH CEUCHHH, HAKJIOHHBIX K INPOAOABHOH OCH JIEMCHTa, ClieNyeT HPHHHMATh
coryacuo 6.4.3.

5.2.8 PacueTHble JuarpaMMbl COCTOSHMA (Ic(OpMHUPOBaHHS) KOMIIO3HTHOrO MarepHaia,
YCTaHABJIMBAIOIME CBA3b MEXY HANPKCHHSMH M OTHOCHTENBHBIMH JAcopManusMM IIpH
PacTsHKEHHH, CIIeAyeT IPHHAMATE JHHEHHBIMH.

5.3 HopmaTHBHBIE U pacieTHBIC XaAPAKTEPHCTHKH GETOHA H CTAJILHOH apMaTyphl

5.3.1 HopMaTHBHEIE H pacyeTHbIE 3HAYCHHS XapaKTCPHCTHK OETOHA CYIIECTBYOLIEH
KOHCTpyKuuMu cieayer npuHuMate no CI163.13330 B 3aBmcumocTH OT (akTHUECKOTO
(ycnosHoro) knacca Gerona.

(Qaxtudeckuii Kiacc GeTOHa cleQyeT ONpeNelsaTh ¢ I[OMOLIBIO IEPEBOIHBIX
K03 GHIHCHTOB, 0GeCHeYNBAIOMMX NPOYHOCT OETOHA, IKBUBAIEHTHYIO €ro (aKkTHYECKOH
CpeAHedl MPOYHOCTH, YCTAHOBICHHOH IO JaHHBIM HCHBITaHHHA OeroHa Hepa3pyIHAIOIUMHU
METONaMH UIIH [0 JaHHBIM HCITEITaHUH 0TOOPAHHBIX M3 KOHCTPYKIMH 00pa3nos.

5.3.2 HopMaTuBHBIC M pacueTHBle 3HAYCHHS XapaKTEPHCTHK CYIUECTBYIOUIEH CTAJNBHOM
apmaTyphl cnexyer npuHuMars no CI163.13330 B 3aBHCHMOCTH OT Kiacca apMaTyphl,
YKa3aHHOrO B IIPOEKTE, MM YCJIOBHOTO KJIacCa apMaTyphbl.
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VenoBHBIE  Kiacc  apMaTypel  CIEAYeT ONpEleNsTh ¢ IIOMOIIBIO  IepPEeBONHBIX
K03bQUIMEeHTOB, 00cCICUNBAIOMMUX MPOYHOCTh apMaTyphl, SKBHBAJICHTHYIO €€ (axTHuecKoit
cpenHel MPOYHOCTH, YCTAHOBJICHHOM II0 NaHHEIM HMCIILITAHMHA 06pasiioB apMaTypsl, 0TOOpaHHEIX
u3 06ceyeMBIX KOHCTPYKUHE.

Ilpn oTCyTCTBHM NIPOEKTHBIX AAHHBIX M HEBO3MOXHOCTH 0TOOpa o6pa3loB HOIycKacTcs
YCTaHABIMBaTh KJacC CTaJbHOH apMaTyphl IO BHAY € MpobHid, a pacyeTHBIE CONPOTHBIICHHS
npuEaMath Ha 20 % HMXKE COOTBETCTBYIOIIMX 3HaueHHH, YCTaHOBJICHHBIX B AEHCTBYIOIIMX
HOPMAaTHBHBIX JOKYMEHTaX i JAHHOTO KJacca.

6 Kene3obeTonHble KOHCTPYKHHH §e3 OpeABApHTENbHO HANPSKEHHOMH
apMaTyphl, YCW/IeHHble BHEHIHMM AapMHPOBaHNMEM H3 KOMMO3HTHBIX
MAaTepHAJIOB

Pacuer no npexebLHbIM COCTOSTHUAM Hepnoﬂ rpynibl

6.1 O6mue Moa0KeHHA

6.1.1 Pacyer O IIPOYHOCTH JKeIe300CTOHHBIX KOHCTPYKUHil 6e3 npeaBapHTEILHO
HaIpsUKEHHOH apMaTyphl, yCHJICHHBIX BHEIIHMM apMUpPOBaHHMEM M3 KOMIIO3HUTHLIX MaTEpHAIOB,
CleayeT IPOBOAUTE:

- NpH JeHCTBUM H3THOAIOUIMX MOMEHTOB H IPOJOIBHEIX CHII — 110 HOPMaJIBHBIM CEHEHHSAM;

- [P JICHCTBHM HOMIEPEYHBIX CHII — IO HAKJIOHHBIM CEYCHHSM.

6.1.2 Pacuer mo MpOYHOCTH HOPMATBHBIX CeYEeHMH ClieIyeT NpOBONUTH HA OCHOBE
HennHeHHOU fedhopManoHHOM MoeNH.

JlonyckaeTcs IPOBOAUTH PacieT MPOYHOCTH HOPMAIbHBIX CEYEHHI HA OCHOBE MpeJebHBIX
YCHIIHH:

- H3rubaeMBIX )KeNe300€TOHHBIX IEMEHTOB NPAMOYTONIBHOTO, TABPOBOIO H JABYTaBPOBOTO
CEUCHMH C pACTOSIOKCHHBIMM Yy TNEpNeHAMKYISPHBIX IUIOCKOCTH H3ruba rpaHeH bsneMeHTa
CYLNECTBYIOIICH apMaTypoil M CHCTeMON BHEIIHEIO apMHPOBAHHA, IPH ACHCTBUM YCHIMH B
IUIOCKOCTH CUMMETPHH HOPMAIIbHBIX CEICHHUI,

- CKATBIX MEMEHTOB NPAMOYTOJIbHOTO, KPYII0TO M KOJNBICBOTO NONEPEYHBIX CEUECHHH.

6.1.3Tlpu pacdere >xene300€TOHHBIX KOHCTDYKIMH CIEAYET Y4YMTBIBATH HECYLIYIO
CHOCOOHOCTh YCHIMBAEMOH KOHCTPYKUMH. [ CHIBHO NOBPEXIEHHBIX KOHCTPYKLHMH (mpH
paspymernn 50 % u Gonee cedenus Gerorma wm 50 % u Gonee miomamu cedeHus paboueii
apMaTypsl) HECYUTYIO CHOCOGHOCTD YCUIINBAEMO KOHCTPYKIMH HE YIHTHIBAIOT.

6.1.4 TIpu pacdere cXaThIX JKeNe300€TOHHBIX 3JIEMEHTOB CHCHYET YYHATHIBATE CITyUaiHBIH
SKCHECHTPHCUTET U BIIHSHHE MIPOROJILHOTO H3rKba.

6.1.5TIpy mNpOEKTHPOBAaHMM YCHIMBAaCMBIX KOHCTPYKHOMii CleXyeT, Kak IpaBHIIO,
IpefycMaTpuBaTe, 4To0bI Harpy3ka BO BpeMs YCHJIEHMS He mpeBpimnana 65 % pacueTHOH
BeIMUHHEL B ciydae ycrienus mox GOmsineit Harpy3Kkol pacueTHIE XapakTEPHCTHKH OeToHa u
CYIIECTBYIOMIEH apMaTyphl ClIeLyeT YMHOXaTh Ha KoadGHIMEeHTH ycnoBuit paGoTel: GeroHa
Yer1 = 0,9; apMaTypsI — v, = 0,9.

6.1.6 Pacuer »xene300eTOHHON KOHCTPYKLMH, YCHJICHHOH BHEINIHHM apMHDOBaHHEM H3
KOMIIO3MTHBIX MAaTE€pPHAIOB, CJELyeT MpPOBOJMTE € YYETOM Ha4adbHOTO HaPMHKEHHO-
e OpMHPOBAHHOTO COCTOSTHUA KOHCTPYKLIHM NIEpesl €e YCHICHHEM.

10
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Pacuer HayaneHOrO HANMpsDKEHHO-AeGOPMHPOBAHHOTO COCTOSHHSA KOHCTPYKIHH CIEAYET
MIPOBOJNTH HA NEUWCTBHE (PaKTHUeCKON Harpyskm Oe3 yuera Ko3(hdMIMEeHTOB HAJAEKHOCTH IIO
Harpyske.

6.2 Pacyer no NpoYHOCTH HOPMAJILHBIX ce4eHHH N0 NpeXeJbHBIM YCHIRIM

6.2.1 [lpenenpHpie ycHNHMss B YCHJIEHHOM CEYEHMH, HOPMAIBHOM K HPOJOJBHON OCH
JNEMEHTa, CclielyeT mnpuAuMaTth ucxofs m3 ykasanu#t CI163.13330m  cmemyroumx
JOTIONHUTENBHBIX YCIOBHH:

- Aeh)OpMAaIiA C/IBUTA B KJIEEBOM CJIO€ HE YUHTHIBAIOT;

- IpH pacyere YCWICHHOH KOHCTPYKHHM C Y9eTOM CYUIECTBYIOLIEH CTaJbHOM apMarypsl
JOJDKHO BEIIOJHATHCH YCIIOBHE

Ry <(s2-€)Ey, 6.1)

[ €;p — IpeNeNbHOE 3HAYCHHME OTHOCUTENHHOH  metopMaliM  CTIBHOH  apMaTyphl,
npuHnMaemoe paBHbM 0,025 — Ans apMarypsl ¢ QH3HYECKHM MIPENENIOM TeKydecTH
u 0,015 — anst apMaTyphl ¢ YC/IOBHBIM NIPEJENIOM TEKYUECTH;
0 . o o
€5 —HaYalbHOE 3HAYEHHE OTHOCHTENLHOH JedopManuu cyiecTBylomled CTalbHOM

apMaTrypbl KOHCTPYKUHH, ONpeje/isieMOe C Y4eTOM HAIMYHs TPEHMH B PacTAHYTOM
30HE KOHCTPYKI{MM coriacuo 6.2.4 wmm 6.2.13.
6.2.2 PacueT 110 NpOYHOCTH HOPMANILHBIX CEUEHHH CeAyeT NPOBOAUTH B 3aBUCHMOCTH OT

b
COOTHONICHHUA MCXIAY 3HA4YCHHCM OTHOCHTEJLHOW BBICOTHI CKaTOW 30HH OeToHa &2“"3

ho

ONpENeIIEMO M3 COOTBETCTBYIOIIMX YCJIOBHNM pPaBHOBECHs, H 3HAYeHHEM TIpaHHYHOH
OTHOCHTETBHOM BEICOTHI CXKATOH 30HHI &R £ » TIPH KOTOPOM HpEACIBHOE COCTOSHHE JIEMEHTa

HaCTynaeT OMAHOBPECMEHHO C NOCTHXKCHHEM B KOMIIOZUTHOM MAaTepHalie 3HAYCHUS HAIIPSOKCHUSA,
PAaBHOI'O paC4YCTHOMY 3HAYCHUIO COIIPOTHUBIICHHIO R f-

6.2.3 3uavenue & R,f CHELYET ONPENEIATE MO (hopmyre

Eryf = x:’f = = 5 6.2)
1+ 8 foult TEp
€52

re 0 — XapaKTepHUCTHKa C)XKaTod 30HE OeTOHa, MpUHHMaeMas [ TSDKEJIOoro GeToHa KIIaccoB
1o B60 sxmountensro paBHoit 0,8, a g Taxenoro Gerora xnaccoB B70 — B100 u ans
MeJKo3epHucToro 6etona — pasHoi 0,7;
€ f iy — PACUCTHOE 3HAYCHHE IpPEIEIbHBIX OTHOCHTENBHBIX JedopMmalyif, BEIMUCIAEMOE 110
dopmyie (5.4);
€52 — OTHOCHTE/IbHEIE fehopMaluy CKaToro 6eTOHA MPH HANpPsOKEHAIX Rj , IPHHMMAEMEIS

mo CIT 63.13330;
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sg —3HaueHHE OTHOCHTENBHON AedopManud cCxaTod rpanu OeTOHa RO yCHICHHS

KOHCTPYKILIHH, OIpeAeNsieMOe COoriacHo 6.2.4 wiu 6.2.13.
H3zzubaemole rn1emennol

6.2.4 TIpu yuyere HaYaILHOIO HANPSKEHHO-HE(GOPMAPOBAHHOTO COCTOSHMA H3rHOaeMbIx
3JIEMEHTOB, [OJYICHHOTO UMH H0 yCHieHHS, B dopmynax (6.1) u (6.2) sHaueHHs HadIbHOH

OTHOCHTENLHOH jgedopManye CymIeCcTBYIOINeH CTaJbHOH —apMaryphl 82 H HadaJIbHOMK
OTHOCHTENBHOH fedopManun cxxaroro 6erona ag BBMHACILIIOT 110 opMyIamM:
0 M,
gy =—0—(hy—xp); (6.3)
Eplyeq
M,
e =—"0 _x, 6.4)
Ebllred

rae My — m3rnbatomuil MOMEHT oT (aKTHJeckoll Harpysku, AcHCTBYIOINEH Ha KOHCTPYKITHIO

JIO YCHJICHHUS, OTHOCHTENIBHO OCH, HOPMATBHOH K IDIOCKOCTH AeHCTBHA H3rubaroero
MOMEHTa U [IPOXOMAIIEH Yepe3 UEHTP THKECTH NPHBEACHHOrO NONEPEYHOro CeUCHH
JJIEMCHTA;
E41 — Moxyns nedopmanmu cxxaroro 6eToHa;
L,y — MOMEHT MHEPUUM NPUBEIECHHOIO IOIEPEYHOr0 CEYEHHS] OTHOCHTENLHO €ro HEeHTpa
TSDKECTH,;
X — BBICOTa CXKATO# 30HKI 6ETOHA.
6.2.5 ITapametpsl Ep, leq B Xy B (opmynax (6.3) m (6.4) ciaemyeT ompeleniaTs no
CIT163.13330 ¢ y4eroM OTCYTCTBMS HIH HaNM49MA TpPEIIMH B pacTAHYTOH 30HE Ce4EHUd
KOHCTPYKLIHH. ‘

6.2.6 Pacyer 1o MNpOYHOCTH CeYeHMt M3rHOaeMBIX 3/IEeMEHTOB, YCHICHHBIX BHEIIHHM
apMHPOBAaHHEM K3 KOMIIO3UTHBIX MATEPHANIOB, CIEAYET IIPOBOAUTE U3 YCIOBHUS

M< My, (6.5)

rae M — usrnbaroiuii MOMEHT OT BHELIHEH HarpysKy,
M, — npeaenpHbi M3rubarommii MOMEHT, KOTOPBIM MOXET OBITb BOCIPHHST YCHJICHHBIM
CEY4EHHEM JJIEMEHTA.
6.2.7 3nauenue M,y IUIs M3ruOaeMbIX 3MEMEHTOB IIPAMOYTOJIBHOTO cedeHus (pHCyHOK 1)

x
npu &= % SER, ¢ cmemyer onpenensTs mo GopMyse
My = Rybx(hy —0,5x) + Ry, Ay (hy —a') + R Asa, (6.6)

TIpY 3TOM BBICOTY CXKaTOH 30HBI X ONpEAENAOT 10 Hpopmye
ReAg — R As+RpAp
x= .
Ryb

6.7)

12
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Pucynok 1— Cxema ycnamii M 30I0pa HAaOpsoKeHHi B cedYeHHH, HOPMAJILHOM K HPOXOILHON OCH
n3iruGaeMoro ’ke/e300eTOHHOr0 JjeMeHTa ¢ BHENIHAM APMHPOBAHMEM M3 KOMIO3UTHBIX
MaTepHAaJIoB, [IPH €ro pacvuere MO NPOYHOCTH

6.2.8 3nauenue M, ;i M3rubaeMBIX 3JIEMEHTOB TaBPOBOIO H IBYTaBPOBOI'O CEYCHHIA,

. x
HAMEOUINX TIOJIKY B CKAToM 30He IpH & = v <&R, s> ONPENCISIOT B 3aBUCHMOCTH OT MOJIOXKEHHS

TPaHHUIIBI CKATOM 30HBL:
) eCJTM rpaHuIla IPOXOJUT B HOJKE (PHCYHOK 2a), T.€. COOIIONANOT ycuoBUe

RSAS + RfAf < Rbblf h_'f + RSCA.; , (68)

TO 3HaYeHMe M, onpeensioT no 6.2.7 KaK Iis IPAMOYTOIHOrO CEUCHMs IMPUHOH b}r ;

0) ecnu rpamuna npoxoaut B pebpe (pucyHok 26), T.e. ycnopue (6.8) He cobmopaor,
3HaUeHHE M, OTIpeNeNsIoT o opMyIe

My = Rpbx(hy —0,5x) + Ry, (b — b)Ay (By =0, Sh'f) + R A (g —a')+ Rsdga, 6.9)
TIPY 3TOM BBICOTY CXKATOM 30HBI GeTOHA X ONMPEACIISIOT 10 hopMyIie
v= RSAS + RfAf - RSCA; - Rb(b}c —b)h}r
Ryb ’

(6.10)

6.2.9 3nauenue b'f, BBOAMMOE B pacyeT, NPHHMMAIOT M3 YCJIOBHS, YTO HIMPHHA CBECa

HOJIKH B KOXKIYIO CTOPOHY OT pebpa nomkHa 6bITs He Gonee 1/6 nponera snemedTa 1 He Gojiee:
a) IpH HaIWYHH IONEPeUHBIX pebep Wik mpu h} 20,17 — 1/2 paccTostHHs! B CBETY MEXAY

IPOJONBHEIME pebpamuy;

13
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a (4]

Ay I

b 4 . by 4
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Pucynox 2 — IonoskeHne rpaHAIbI CRATOI 30HBI B CEeYEHHHA H3rHGaeMOro Jxejre306eTORH0ro
3JIEMEeHTAa ¢ BHEIUHAM apMHPOBAHHEM N3 KOMNO3ATHBLIX MATEPHAJIOB
6) IpH OTCYTCTBUH TIONEPEYHKIX pebep (WK NPH PacCTOSHUAX MEXAY HAMH OONBIIHX, JeM
PacCTOsHUS MEXAY NIPOAOILHBIME pebpamu) u iy <0,1h— 6k ;
B) IIpH KOHCOJBHBIX CBECAX MOJIKH!
IpH h}: 20,17 ....... 6k,

npu 0,05k < Hy <01k ... .3 ;

npu hy <0,05h — cBeCHI HE YUUTHIBAIOT.

6.2.10 Tlpu pacueTe 1o MPOYHOCTH H3THOAEMBIX 3IEMEHTOB PEKOMEHAyeTcs coOMIonarh
yenosue x <&p fh.

lpu x>E&p oh npenensHbld W3ruGalommi MOMEHT My NOIYCKACTCA ONpENENsiTh 1O
dopmynam:

- JUI DJIEMEHTOB IPAMOYTONBHBIX CEYCHHH, a TAKXKe TaBPOBBIX M JIBYTABPOBBIX CEUCHUIA,
HMEIOIIUX NOJIKY B CXKaTOM 30He:

My = RpbX (hg —0,5%) + Re  As(hy —a') +o s Aray; 6.11)
- J7IS 37IEMEHTOB TaBPOBOTO M BYTABPOBOTO CedeHuil IpH HapyIeHAH ycnobud (6.8):

My = Rybx(hy —0,5%) + Ry by — b)Yy (hy —0,5h7) + Roc Ac(hy —a') + o s Aray, (6.12)

TZe G ; — HAlPKEHHEe BO BHEIIHEH apmaType M3 KOMIO3MTHOTO MATEpHala, OMpEAEnieMoe
o gopmyie

14
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of =[eb2(w—h—l)—-keg,]Ef, (6.13)
X

TAe O — IPUHHUMAIOT 110 6.2.3;
sg, — HagalbHble AeGOpManHy PacTAHYTO! IPAHM CEYCHHs, BRIYMCISEMBIE 10 GopMyne
0 egh + ega

€pt -_h_;;—. (614)

B dopmynax (6.11) — (6.13) 3nauenus X u k IPHHAMAIOT PABHBIMH:
-npu Ephy >x>&p ch:

-0pu x> &Ephy:
x=Ephy; k=1,
rae &g BBIYMCIAIOT IO GopMyse
x ®
tp=B=m—, (6.15)
ho 1+8s,el
€p2

€5/ — OTHOCHTENbHAS JiebopManys CymeCTBYIOLIEH CTATBHOH pacTSHYTOH —apMaTypEl,
omnpenensemas o CIT 63.13330.
lpu mapymenuu ycnosus (6.1) B popmynax (6.6)—(6.12) cnenyer npuauMare A, =0.

Corcamute nemenmet

6.2.11 Ycunenue cxaThIX XKeNe300€TOHHBIX 3I€MEHTOB IPOBOOUTCA IyTEM YCTPOHCTBa
BHEIIHET0 apMHPOBAHHUS U3 KOMIO3HNTHBIX MAaTEPHAJIOB B IPOJONBHOM HAIIPaBICHHIH WM IyTeM
ycTpoiicTBa 060MMEI 43 KOMIIO3HTHBIX MAaTEPHATIOB B IIONEPESIHOM HANPABJICHAN — AJIS CO3/IaHuA
06BbEMHOr0 HaNMPKEHHOTO COCTOSHHMA.

Ycunense yTeM yeTpoAcTBa 000MMBI CXKAThIX 3IEMEHTOB PEKOMEHAYETCS IPOBOAUTE IPH
CNIEAYIOMMX YCIIOBHAX:

- pacyeTHOE 3HAUYCHHEe DKCIEHTPHUCHTETA MPHIIOKEHHS CKHMAIOMEH CUIBI JOJUKHO OBITH
Mmeree 0,1D (mns xpyrieix ceveHuwdl muamerpom D) mmu menee 0,17 (Ui OpAMOYrONBHBIX
ceqeHuit);

- COOTHOIIEHHE CTOPOH JIEMEHTOB IPSMOYTOJIBHOTO CEYEeHHS A/b He OIDKHO NpEeBBIIATE
3HavyeHue 1,5;

- pa3Mep CTOPOHBI EMEHTOB IPAMOYTOJILHOTO CEUCHUS h He JOJDKeH npesbimars 900 mMm;

- THOKOCTH 3JIEMEHTOB He IODKHa MPEBHINaTh 3Hauenue I/i = 50,

6.2.12 Ilpu pacyere cxaTHIX KeNe300ETOHHBIX JIEMEHTOB B HAYaNBHOM 3KCIIEHTPHCHTETE
OPHUIOKEHUS  [POJONBHOW CHIBI  CIHCAYeT Y4YMTBIBATH  CIy4aWHbBIA  3KCUEHTPHCUTET,
npuaamMaeMeli o CIT 63.13330.
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6.2.13 Ilpu ydeTe HagaIBHOrO HANPSDKEHHO-REHOPMHUPOBAHHOIO COCTOSHUS BHEHEHTPEHHO
CXKaToro sjeMeHTa, HOJYYEHHOTO MM RO ychieHHA, B ¢dopMmynax (6.1) u (6.2) 3HadeHHd

HavalbHEIX OTHOCHTENLHOH JehopMaluy CTaIBHOH —apMaTyphl sg H OTHOCHTEILHOU

nedopmanun cxaToro 6eToHa sg JOIYCKAETCS OIIPEACIISATE IO hopMyiam:

0 Mo [e@3h-a) 1], 616
0,85 Eb I red Ared
N,
e)=—to_|fe, 1 | 6.17)
0.85Ey | lyeq  Ared

rae Ny — OpoflofibHas CHJIa OT BHEIIHEH HArpy3KH, JEHCTBYIONIEH 0 YCHIICHUS 3JIEMEHTA,;
€ — PaCCTOSHUE OT TOHUKH HPHIOXKEHHUA CHIbl Ny JI0 HEHTpa TAKECTH CEUEHHUS PAaCTAHYTOH

WIH HauMmeHee Cxkaroil (IpH MOJHOCTBIO CXKATOM CEYEHHH 3JEMEHTa) apMaTyphl,
paBHOe

e=eo'q+h02_a, (6.18)

rne 1 —K03hGUIMeHT, yJYHTHIBAIOIMH BIHIHHE INPOJONBHOro M3rmba (mporuba)
3JIEMEHTa Ha €ro HECYHIYIO CIIOCOOHOCTS;
€0 — HaYaNbHbIA 3KCHEHTPHCATET IPHIOKEHUSI HIPONOTHHOM CHIIBE;
Ared n/ red — TLIOIaAb H MOMCHT HHEPITHH NPHUBEACHHOT'O HNONEpPEeIHOro CCUCHHA

OTHOCHTEIIBHO €TI0 HCHTPA TAKECTH.

Iapamerper v, ey, 4,5 ¥ I,,; ompenenstor mo CII63.13330 (6e3 yuera BHemHero

apMUpOBAHHUS KOMIIO3UTHBIMH MaTEePUAIAMH).
Ycunenue enewinum apmuposaruem ¢ npoo0IbHOM HANPAGACH U

6.2.14 PacueT 110 MPOYHOCTH NPSIMOYTONBHBIX CEUYCHHH BHEHEHTPEHHO CXKATBIX SJIEMEHTOB,
YCHIICHHBIX BHEIUHMM apMHpOBaHHEM K3 KOMIIO3UTHBIX MATCPHAIOB B IPOJOJIEHOM

x
HalnpapJeHHUH (PUCYHOK 3) mpu & = 2 S &R, s CCHYET MPOBOUTH M3 YCIOBHA

Ne < Rbbx(ho —O,Sx)+RscA;(h0 —a')+ RfAfa, (619)
rae N — npononbsHas Ciia OT BHEIIHEH Harpy3KH;
X — BBICOTA C)XKaTO# 30HH], ompeaenseMas 1o gopmyne
N+RA; - R Ag+ Ry Ay
N Ryb '

X

(6.20)
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Pucynox 3 — Cxema ycmnnii u 5Wiopa HANPSKEHHH B CevYeHAH, HOPMAJILHOM K IPOJOIbHON OCH
BHENEHTPEHHO CHKATOIO XkKeJ1e300eTOHHOr0 31eMeHTa ¢ BHEMHKMM apMHPOBAHHEM U3 KOMNO3HTHBIX
MATEpHA/ORB, IPH pacyeTe MO MPOYHOCTH

X X I
[Ipu 7 <&p H ;2& R,/ 3HAYCHHE BBICOTHI CXATOH 30HHI X B dopmyne (6.19) cneayer
0 ,

BBIMMCIIATE 0 GopMyie

1+
N+RSAS+RfAfI—_—-§5J——RSCA;

— R:f
xX= 5 Rf Af . (6.21)

Ryp+—ILS

h(1~Eg ;)

x .
Ipu - 2 £ p 3HaueHHeE BBICOTHI CXXaTol 30HBI X B dopmyse (6.19) cuenyeT BEMUCIATE IO
0

tbopmyne

1+
N+R 4, FER +RfAf—@i—RscA;
B 1-&p 1-Ep 7
x= S s . (6.22)
P S i

h(1-Er) h(1-Ep )

Yeunenue enewinum apmuposanuem 6 nonepeLHom HanpasaeHuu

6.2.15 PacueT Mo HPOYHOCTH CEUEHMH BHELEHTPEHHO CXKATHIX SIIEMEHTOB, YCHJIEHHBIX
BHEIIHMM apMHPOBaHMEM W3 KOMIIO3HTHBIX MAaTEpPHAJIOB B IIONEPEYHOM HAlPaB/ICHHH, CEIyeT
MPOBOIMTE € YYETOM IOBBIICHUS IPOYHOCTH GETOHA NPH 06HEMHOM HAIIPSDKEHHOM COCTOSHHH.

17
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Pucynox 4 — YcniieHHe BHEIIHAM aPMHPOBAHHEM U3 KOMIIO3ATHBIX MATEPHAJIOB B IONEPCIHOM
HaNpaBJieHHH

PacyeTHBIE 3Ha4YeHWs CONPOTHBIECHUs OETOHA CXATHIO B OCEBOM HANPABIACHHH CIEHYET
onpeneaaTh Ho Gopmyire

Rb3 = Rb + kefkeRf“'f , (623)

rae kyr — koo GunueHT 5P PEKTUBHOCTH 0GOAMBL, IPAHIMACMBIH PaBHBIM:
- IUIS 3NIEMEHTOB KPYITIOFO CeYEHHS kef= 1,0,
- O JNEMEHTOR NPSAMOYTOJNBHOTO CEYEHHS C COOTHOIIEHHEM CTOpoR h/b<l1,5
(cM. pucyHOK 4) o hopMmye
(b-2r)% +(h-2r)?
3

6.24
2bh 624)

ko =1-

rie r — pajgryc 3aKpyrjieHus rpancit ceueHus:
- JUIS 37€MEHTOB MPAMOYTOILHOIO CEYEHHS ¢ COOTHOILEHHEM CTOpoH h/b>1,5 wmm npu

. M
h>900 MM, a TaKKe IpPH OSKCHEHTPUCUTETE IPUIOKEHHUS CHXHUMAIOIICH CHIIBI Wn

6onee 0,10 (s kpyrisIx ceuenudt auamerpoM D) umu 6onee 0,17 (s npAMOYTONBHBIX
CEeYEHHIT) cneyeT NpUHAMATh kef= 0;

k, — x03(bGHINEHT, YIUTHIBAIOMMI HaTH4HE PaspEIBOB N0 BHICOTE OOOHMEI, NPHHMMAEMBIH
PaBHEIM:
- IUI4 CILIOIIHBIX o6okM (mipH s, = 0) — 1,0;

-ana ofolM C pa3zpelBaMH JUIS 2JIEMEHTOB KpPYIJIOTO CEYCHHS (CM. PHCYHOK 4),
BBHMUCIAEMBIH 10 hopMyle

Sy \2
k, =(1-2%) (6.25
€ 2D’ )
TAc Sy — pacCToaHHC MEXAY OTACIBHBIMHA BATKAMHU O60ﬁMLI;

18
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M s — KO3(QQUUMEHT apMUPOBAHHUS, BEIMHUCILEMBIi 110 popMye

by=As/d, (6.26)

A ¥ Ry — mmomans oXBaueHHOro o6ONMON IOIEpeyHOTO CedYeHHs OeToHa MW HOPMATHBHOE
CONPOTHBJICHHE GETOHA OCEBOMY CHKATHIO IIPH OXHOPOIHOM HaNpsHKEHHOM COCTOSHUY;
Ay— WIONIa/E TONEPEYHOTO Ce9eHAS OGONMEI U3 KOMIIO3HTHEIX MaTePHAIIOB;
R;— pacueTHOE CONpPOTHBICHHE PACTKEHHIO KOMIIO3HTHBIX MaTePHAIOB, ONpeaeiIeMoe 1o
dopmyze (5.1), B KoTOpol 3HauCHHE KOIDPUINCHTA ¥ 7y CEAYET NPUHATE PaBHBIM 1,0.

Jnga obofim ¢ paspeiBaMH U 3JIEMEHTOB MPAMOYTONBHOTO CEYEHHS 3HAYCHUC
xoa¢dunuenTa k, momyckaerca ompemensts no dopmyne (6.25), moacraenas B Hee BMecTo D

3Hagenme (V W+ b2 - 2r).

Jns 3neMeHTOB IpAMOYroJBHOrO ceyeHHd B dopmyrne (6.23) cmemyer IpUHMMAThH
kork, <0,5;

6.2.16 PacueT 1O MpPOYHOCTH BHELIGHTPEHHO CXKATBIX DIIEMEHTOB MPAMOYTONBHOTO
CEUEHHS, YCHICHHBIX BHEIIHMM apMHPOBaHMEM W3 KOMIIOSHTHBIX MATEPHANOB B MONEPEIHOM
HaNpaBlieHHH (DUCYHOK 4), ClieyeT IPOBOAUTE U3 YCIOBUS

Ne < Ry3bx(hy ~0,5x)+ Ry, Al (hy —a') » (6.27)
IIPH 3TOM 3HA4YE€HUC BBICOTHI CXaTOM 30HEBI X CaeayeT OIpeacIITh

x
npu &= —h; < &Ry — 10 dopmyre

x= N+R3As _RscA; .

o ; (6.28)
npu &= % > ER3 — 1o dopmyre
N+RA, téﬁ “R A,
x= P 2R A, s (6.29)
ho(1-ER3)

rae & p3 — rpaHHYHOE 3Ha4YCHHE OTHOCHUTCIHHHOM BBICOTHI CXKATOH 30HEI, BEIYMCIAEMOE C YYETOM
00BEMHOI0 HAPDKEHHOTO COCTOSHUA OeToHa

X [0
b= — (6.30)
ho 1+ Ss,el
€p3
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Ry,
€p3 =€b2+2p.f-—. (631)
£y

6.2.17 Pacder mo npOYHOCTH KpYTJBIX CEYEHWIH BHEHEHTPEHHO CXKaThIX 3IEMEHTOB,
YCHJIEHHBIX BHEIIHUM AapMHDOBAaHMEM H3 KOMIIO3UTHBIX MAaTEpHaloOB B  IIONEPEYHOM
HanpaBleHAW (PUCYHOK S) CO CTalbHOH apMarypoil, paBHOMEpHO paclpeleieHEOH @o
OKPYXHOCTH (TIpH HHclIe NPOJONBHEIX CTEpXHEH He MEHEE CEMH), NPH KIIACCe apMaTyphl HE
Beime A400 cinemyer IpoBOAUTE U3 YCIOBUS

. 3 .
Ne< %Rb3Ar-S-1-r—l—-—:—:-§—cy~+ RyA; 1o (%+ (pj o (6.32)

TJE ¥ — PafuyC MONEPEYHOTO CEUSHHUS;
&.ir — OTHOCHTE/IbHAS IUIOLIA/E CKATOM 30HEI GETOHA, ONpedeieMas:
a) [Ip¥ BEIIONTHEHWH YCIOBHS

N <0,77Ry34+0,645R A, 1oy, (6.33)
mo ¢opmyne
N+ RyzA —————S’nzz"écf’ .
Eeir = L (6.34)
RbSA + RsAs.tot
N

Cocaman
30HQ

A

Pucynok 5— Cxema ycuauii ¥ 3n0pa HAaNpPAXKEHAH B CeYEHHH, HOPMAJTLHOM K DPOJ0JIBHOR 0CH
CKATOI'0 JIEMEHTA KPYIJIOTO CeveHHs ¢ BHEIIAHM ApPMHPOBAHUNEM H3 KOMIO3HTHEIX MATEpHAIOB
B HONePeYHOM HAUPABJICHAH
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©) npu HEeBRINOMHEHNH yc:10BUA (6.33) — o dopMyiie

N+ RsAs,toi + Rb3A%

£ = 2n . (6.35)
Seir Ry3A+2,55R Ag 10y ’

¢© — K03bhHULKEHT, YSUTHBAIOIMN pabOTy PacTAHYTOH apMarypbl U IPHHHMAEMEIN paBHBIM:
¢ = 1,6 (1 - 1,558.;)&.# HO He Gonee 1,0 — mpu BEOIOMHEHUWH yeoBHA (6.33); ¢ = 0 — npu
HEBBINIONHEHUH ycnoBui (6.33);
Ay tor — OIOMIATB CEYCHUS BCEH NPOOILHON apMaTyphI;
Fs— pagiyc OKDPYXHOCTH, HNpPOXOJMIled dUepe3 LEHTPHI TKECTH CTEPKHEH IPOAOIBHOH
apMaTypBL

6.3 Pacyer N0 MOpPOYHOCTH HOPMAJIBHBIX CeYCHHI Ha OCHOBe HeJHHEHHOM
nedopManuoHHOH Mogen

6.3.1 PacdeT 10 TNPOYHOCTH HOPMANBHBIX CEYeHHH HA OCHOBE HEIMHEHHON
nedopmanmoHHOY MOIENHM NPOBOAAT C Y4ETOM HoJoxeHHH, mpuHATEIX B CII 63.13330, u
CIIEAYIOINMX JOMOIHUTENLHBIX TOJIOXKEHHIH:

- CBf3b MEXAY [PONOJBHBIMU HANPSDKEHHSIMH M OTHOCHTENBHBIMH JedopMarusMu
BHEUIHEH NPOAOBHOR apMaTypPhl B3 KOMIIO3MTHBIX MaTEPHANIOB IPHHUMAIOT JIMHEHHOH;

- INIS CXKaThIX 3MEMEHTOB ¢ obofiMaMu M3 KOMMO3ZHTHBIX MATEPHANIOB CBS3h MEXAY
NPOXONBHBIMH HANpPSKEHUAMH M OTHOCHTENBHRIMH JAeopManusaMy OeTOHAa NPUHUMAIOT C
Y4YETOM HEOJHOOCHOTO HANPAKEHHOTO COCTOSHHA.

6.3.2 Tlepexon OT 3miopsl HanpsHKEHUM B OeTOHe K 06OOIIEHHBIM BHYTPEHHHM YCHIIHSIM
OPOBOAAT C IIPHMEHEHUEM TIIPOUERYPHI UHCICHHOTO WHTETPHPOBAHMS HANPSOKEHHH 10
HOPMA&JIBHOMY cedeHuto. Jlnsg 3TOro HOpPMaJIbHOE CEYCHHE YCIOBHO pa3OHMBalOT Ha Majlble
Y4aCTKH IIOWAAME Ay, , Ag , Ay (PUCYHOK 6), B IIpeeriaX KOTOPBIX HAPSDKEHHS IPHHAMAIOT

PaBHOMEPHO pacrpee/ieHHBIME (YCpeAHEHHBIMA).

6.3.3 Ipu pacuere NpUHAMAIOT:

- 3HAYeHWs CXKUMAIOIeH NPOJOJABHON CHIIBI, a TakKe CKAMAIOIMHX HANPSKEHMHA H
nedopmanuit ykopodeHus 6€ToOHa U IPOXOTBHOMN CTATBLHO| apMaTyphl CO 3HAKOM «MHUHYC);

- 3HAYEHHS PACTATUBAIOIMX HanpshkeHuil U JedopManmii 6€TOHA B apMaTyphl CO 3HAKOM
CILTFOCH;

- 3HAKH KOODJMHAT IIEHTPOB TKECTH apMaTypHBIX CTEDXKHEH U BEIICNCHHBIX YCIIOBHBIX
y4acTKoB OeToHa M BHelmHeH apMaTyphl M3 KOMIIO3MTHBIX MaTEpHAOB, a TaKXKe TOYKH
MIPHITOAKEHMSA TIPOJOILHON CHIIBI — B COOTBETCTBHH C IPUHATOH CHCTEMOH KOOpAMHAT.

6.3.4 O0ugy1o cucteMy (pU3MUYECKHX COOTHOLICHHUI I pacyeTa HOPMAJBHEIX CEJEHUH 1O
MIPOYHOCTH TMOTYYAIOT H3 COBMECTHOIO PACCMOTPEHMS: ‘

- YpaBHEHUH PaBHOBECHS YCHJIMI OT BHEIIHUX CHUJI U BHYTPEHHMX YCUIHH B HOPMAJILHOM
CEYCHHUH 3IEMEHTa:

M, =Y 0pidyZy+ Z%Asjzw +Y 6 AR s (6.36)
i j k

21



CII 164.1325800.2014

22

My = ZcbiAbiZbyi + chjAstsyj +Zo.kaﬂ¢Zka N
i J k

N. =Y opdy + Z%‘Asj + Z"ﬂcAﬂc ;
i ; X

- ypaBHEeHHH, oNpefeNdioIuX pacnpeaeieHye gehopManuii 1o CedeHuIo:

1 1
€p; =80 +—Zpy +r_Zbyi;

2% y

1 1
€ =€g+—Zgj+t— Ly

Ty I‘y

L 5 Tpp

x1

(6.37)

(6.38)

(6.39)

(6.40)

(6.41)

Pucynox 6 — Pacternas cxeMa HOPMAJILHOTO CeYeHH Ke/Ie300€TOHHOO Y/IeMEHTa ¢ BHEITHHM

apMHUPOBAHHEM H3 KOMIIO3HTHLIX MATEPHAJIOB
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- 3aBHCHMOCTeH, CBA3LIBAIOLIMX HaNPSXKEHHS U OTHOCHTEJIbHBIE IPOROJIbHEIE NedhopManuu
6eToHa, CTaNLHOM apMaTyphl M BHELIHeH apMaTyYphl H3 KOMIIO3UTHEIX MaTepHaloB:

Opi = EpVpi€pis 6.42)
st = Esjvsjsg'; (643)
or=Ep(es—ef)20. (6.44)

B popmynax (6.36) — (6.44):
M,, M, ~nsrubajomyue MOMEHTHl OT BHEUIHCH HAIPy3KH, ACHCTBYIOHE B IUIOCKOCTAX,

CO0TBeTCTBEeHHO, XOZ 1 YOZ unu napajuieIbHO AM, OIPECIIieMble IO GOopMyIaM:

My =M,;+N.e,; (6.45)
My,=M,;+N.e,, (6.46)
riae My, M,; —usrualompe  MOMCHTHL B COOTBETCTBYIOMMX  ILIOCKOCTIX,

OIIpeAC/IAEMBIC U3 CTATHICCKOI0 pacuera KOHCprKHI/Iﬁ;
N_. - IpoxonbHas CHila OT BHEUIHEH HArpy3KH;

€y, €, —PacCTOAHUS  OT  TOYKH  OPHIOKCHHA  NPOAONBHOH  CHIIBI

JI0 COOTBETCTBYIOMUX KOOPIMHATHEIX OCEH;
Apis Zpyjs Zpyi, Op; —UIOATA, KOOPIMHATEI LEHTPA THKECTH /-0 ydJacTka GeToHa

H HalpskeHHe IpPOJOJIEHOTO HAIpaBjeHHWs Ha YPOBHE €ro ILEHTpa
TOKECTH;

Ay, Ly Zgyj» Og — IUIOMANb, KOOP/IMHATH HEHTPAa THKECTH j-TO CTCPXKHA CTANbHOA

apMaTypE! ¥ HAlIPSDKEHUE B HEM,
Aﬁc, Z fk > VA fyk» O g — IIOMAAb, KOOPAMHATEI IEHTPa THKECTH k-r0 yuyacTKa BHEIIHEro

apMUpOBaHHA K3 KOMIIO3HTHBIX MATCpHAJIOB B  IPOAOILHOM
HanpaBJICHUH H HAIIPSDKEHHUE Ha YPOBHE €T0 LIEHTPa TAKECTH;
€( — OTHOCHTENBbHAd JeopManus MPOJOIBHOTO HANPABICHHUA BONOKHA,

PacIoNoXEHHOTO Ha IlepeceueHut oceli X U ¥;
€pj> E5j> €5 — OTHOCHTEIIBHEIE Iedopmaruu HpOJONIEHOTO HanpaBIcHAS,

COOTBETCTBEHHO, Ha YPOBHE HEHTpa TSHKECTH I-ro yyacTka 6eToHa, j-ro
apMaTypHOTO CTCpXKHA M K-T0 y49acTKa BHEIUHEr0 apMHUpPOBaHUA H3
KOMIIO3HTHBIX MaTepHaIOB;

eg, — HadaJbHEIC OTHOCHUTEILHbIC Ne(QOpMalii PacTAHYTOH IDaHH CEHCHUA

(mo ycuiieHud 3IeMeHTa);

1 1 . .
—, = — KpHBH3Ha IIPOAOJIBHOH OCH Z B ILUIOCKOCTAX AeHCTRHA u3rubarommx

ry I‘y

MOMEHTOB M, , M v
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E}, — HavaibHEIN MOXYNs YIPYTOCTH GeTOHA;
E; — MoxXyIb YIIpYTroCTH j-TO CTEPKHA apMaTyphI;
V}; — k03¢ dunmeHT ynpyrocry 6eToHa i-ro y4acTka,
Vg — Ko3(pHIMENT YIPYTOCTH j-IO CTEPXKHA apMaTyphL.
3Hauenns K0>(QHUUHEHTOB W3MEHEHHS CEKYLIETO MOXY/IS YNPYrocTH OeToHa Vy H

CTANBHOM apMaTyphl Vy; IPUHEMAIOT 110 JMarpaMMaM AeopMHpOBaHUs GeTOHA M apMaTyphL.
6.3.5 Ins skene306eTOHHBIX 3EMEHTOB, Ha KOTOpHIE ACHCTBYIOT M3rHOalomiHe MOMEHTHI

IOByX HampaBJeHMH u NPOHOJbHAas cHiua (PHCYHOK 6), oOmyro cucreMy ¢m3udecKux

COOTHOILUEHMH [ pacdeTa HOPMAJIBHBIX CeYeHAH N0 MPOYHOCTH CIeAyeT MPUHHMATh B BHIE!

1 1
M, = Dyy—+ Dy —+ Dy3e0; (6.47)
Yy ry
1 1
1’V[y = D]2—+ D22_'+ D2380; (648)
Iy ry
1 1
N= D13 —+ D23 -+ D33SO. (6.49)
7y r

XKectxocTHble Xapaktepuctiku Dy (if — 1,2,3) B ypaBrenusx (6.47) — (6.49) ompeaensror
o Gopmytam:

Dy =Y ApZbiEyvy+ Y A2l By + ; ApZ54Eys (6.50)
i j
Dyy =Y ApZiyiEyvp+ 2 AGZL E v + ; AgZoEp; (6.51)
i J
Dip = Y AyiZpiZyyi EpVii + ) AgZ i Zoyi Egiv s + Zk:A aZ s Z i rs (6.52)
i J
Di3 =), Ay Zp Eyvi + ) AgZogEgv g + ; ApZ s Ey; (6.53)
i J
Dyy =) ApiZypEyvy + ) AgZo Egv i + 21; ApZ g E r; (6.54)
i J
Ds; =ZAbiEbvb,- +ZAsjEsjvsj +%AﬁEf. (6.55)
i J

JIna 2JIeMeHTOB, YCHICHHBIX IMyTeM YCTpoMcTBa O0OMM M3 KOMIIO3HUTHBIX MaTepHalios, B
ypaBHeHHAX (6.36) — (6.38) u (6.50) — (6.55) 3Hauenue Ay ciefyeT IPHHAMATE PABHBIM HYIIO K
YUHTHIBATh oNoXxerus 6.3.15 1 6.3.16.

6.3.6 [Ins xene306CTOHABIX JICMCHTOB, HAa KOTOpHIE HCHCTBYIOT TONBKO W3rubaromue
MOMEHTH! ABYX Hampasnennit M, u M, (xocoii u3ru6), B ypapHenuH (6.49) nprnaumarotr N=0.
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6.3.7 11 BHEUEHTPEHHO CXAaThIX B IUIOCKOCTH CHMMETPHHM IIOTIEPEYHOTO CEYEHHS
KeNe300€TOHHBIX 3€MEHTOB H PAacmookeHun ocM X B 5Toff MIOCKOCTH HpHHEMAOT M,=0
U D15=Dy=D7;=0. B aTOM ci1ydae ypaBHCHHS paBHOBECHS IPHHHMAIOT BUI:

1
My = Djy—+ Dizo; (6.56)

X

1
N= D13—+D3380. (657)
T
6.3.8 Ilns w3rnbaeMbIX B INIOCKOCTH CHMMETPHE MONEPEYHOTO CEUCHHSA KeNIe300eTOHHBIX
37IEMEHTOB H PacroIOXeHHH OcH X B 9T0H I10cKoCTH npuEMMaoT N=0, M,=0, D13=Dyy=Dy3=0
H YPaBHEHHs PaBHOBECHI UMEIOT BHI:

1
My = Dy —+Dy38o; (6.58)

X

0= DU ']— + D33v50. (6.59)
rx
6.3.9 Pacyer mo NpOYHOCTH HOPMAIBHBIX CEUCHHH YCHIEHHBIX JJIEMEHTOB CIEAYET
MPOBOAMTE B JiBa 3Tama.
Ha mnepBoMm 3Tame MpOBORAT pacdeT HANpPSHKEHHO-AEPOPMHPOBAHHOIO COCTOMHHS
KOHCTPYKIHHU Ge3 ydeTa CHCTEMbI YCHNICHUS Ha HarpyskH, AelCTBYIOIME Ha Hee O YCHIIEHHS.
Hnst aToro B QU3MYECKMX COOTHOWCHWSX MpHHMMAaOT Ag=0. B pesymsrare pacuera

OIpENENIsIOT 3HAYCHAE HA4YajbHON OTHOCHTENBHOH HedopMalMM pacTSHYTOM IPaHH CedeHHS
82, , KOTOpOE YYUTHIBAIOT Ha BTOPOM 3Tale pacyeTa.

HonyckaeTcs onpenenaTs 3Ha4CHHE sg, 10 ynpoienHoi hopmyie (6.14).

Ha BTOpOM 3Tane npoBOAST pacyeT IO MPOIHOCTH HOPMAbHBIX CEUeHHH JIEMEHTOB C YUeTOM
CHCTEME] YCHIEHH ¥ HAYaTbHOTO HANPHKEHHO-e(hOPMHPOBAHHOTO COCTOSHMS KOHCTPYKIHH.

6.3.10 Ilpn mcromb30BaHAM KPHBONHMHEHHBIX jAAarpaMM fAedopMmupoBaHuMs Oerona u
CTANBHOM apMaTyphl pactieT HOPMAJIGHBIX CEYECHHH KeNe300CTOHHEIX IEMEHTOB 110 POYHOCTH
npoBOIAT M3 obecneueHus ycnopui paBHOBecH (6.47) — (6.49) mpn MakCHMaTBHBIX 3HAUCHHAX
YCHUIMH OT BHEHIHUX Harpy3okx.

ITpu np¥MEeHERHMH JBYXIMHEHHBIX HIM TPCXIMHEHHBIX qAarpaMM JebopMApoBaHus GeToHa U
CTIBHOH apMaTyphl pacdeT HOPMAIBbHBIX CEYCHHH 110 NPOYHOCTH IPOBOAAT U3 YCIIOBUIA

le max| < €5, (6.60)
€s,max < Es,ult 5 (6.61)
€/ —Ehy €1, (6.62)

TJIE €jmax — OTHOCHTENBHAA JiedhopManms Hambonee CXAaToro BOjJOKHA GeTOHa B HOPMAIBHOM
CEYCHUH DNIEMEHTA OT ACHCTRUS BHEIIHCH HArpy3KH;
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€ max — OTHOCHTENbHAS  JAeopManus Haubonee pacTAHYTOTO CTEPXHA  apMaTyphl
B HOpMAaIbHOM CEYEHHH IEMEHTa OT NeHCTBH BHEIIHEH HArPy3KH;
Ebuit — IPENEIbHOE 3HAUCHHME OTHOCHTENbHOH gedopmanmmm OeToHA IIpH  CXKaTHH,
IpuHUMaeMoe cornacHo 6.3.11;
£sui — IPEJICTPHOE  3HAYEHHE OTHOCHTENBHOH nedopMauuy yANIHHEHUS apMaTyphl,
HpyHAMaeMoe coraacHo 6.3.11;
af,u,,—npenenbﬂoe 3HAYCHHE OTHOCHTEIbHOM ne(bopma.unn KOMITO3UTHBIX MaTCpHAIOB
CHCTEMBI BHEITHETO apMUPOBAHHS, BEMHCIAeMOe TIo hopmyne (5.4).

6.3.11 [lpenencHble 3HAYCHUS OTHOCHTENBHBIX Jedopmarmit  OcToHA €y (Sprur)
OpUHHAMAKOT HpH JBYy3HauHOl smope medopManmit (ckaTve H pacTSKEHHE) B IOHEPEYHOM
ceyeguy OeToHa dyeMeHTa (M3rHO, BHELEHTPEHHOE CXaTHE WIM PacTHXeHUE C OONbLIIMHA
3KCIEHTPHCUTETAMH) PABHBIMH £33 (€42)-

Ilp# BHEIECHTPEHHOM CXAaTHH DJIEMEHTOB M PpACIpERC/ICHUH B IONEPEYHOM CCYECHUH
6eroHa »neMeHTa AedopMaiMil TONPKO OJHOTO 3HaKa IpeeNbHBE 3HaUYeHHS OTHOCHTENHHBIX
nedopmartimii GETOHA €py); (Epruiy) ONPEAENAOT B 3aBHCHMOCTH OT COOTHOILIEHHs ActopMarimii

feTona Ha IPOTHBONIONOXHEIX [PAHAX CedeHHUs deMeHTa & 1 & (65| 2 |&;|) mo dopmyman:

€
Epuit =€p2 — (€2 —Sbo)gl- s (6.63)
2

2
Eptult = Ebr2 — (Epr2 _gth)s_ ; (6.64)
2

TII€ €50, €610, €62 U Epz — ACPOPMAIMOHHEEIE IApaMETPhl PacYETHBIX JMarpaMM COCTOSHHUA GeToHa,
npuuMaeMele 1o CII 63.13330; ang ameMeHTOB, YCHJIEHHBIX BHEIUHHM
apMHUPOBaHWEM W3 KOMIO3UTHHIX MarepHalOB B  I[ONEPEYHOM
HaIlpaBJIeHUH, CICAyeT YUUTHIBaTh yKazanus 6.3.15 u 6.3.16.

IpeaensHOE 3HAUCHHE OTHOCHTEIILHON NedOpMAallH apMaTYPHI €,y IPUHUMAIOT PaBHBIM'

0,025 — 14 apmMatTyphl ¢ PU3HICCKIM NPERCIIOM TEKYICCTH;

0,015 — ns14 apMaTypsl ¢ YCIOBHBIM NIpEAeNioM TEKYUYECTH.

6.3.12Ilpn pacuere O3NEMEHTOB C IpPUMEHCHHEM KPHUBOJMHEHHBIX AMAarpamMm
nedhopMupoBaHUs GETOHA U CTEPXKHEBOM BBHICOKOIIPOYHOM apMaTyphl 3HaYeHHs Ko QuIueHTOB

YHPYTOCTH Vj; H Vg IPHHHMAIOT PABHBEIMH

V=, i(vo -o,,,),/l-mm-mznz , (6.65)

Te m— HHICKC Matepraia (s 6erona m = b, bt ; nns apMarypel m=s);
V,, — 3HaueHne Kod(duureHTa B BepuINHE TMarpaMmeI (IPH G, =G, );
Vo — HaYaTbHBIH KO3Q(QHIMEHT H3MEHEHHS CEKYLIET0 MOy,

0, ©; — KO3QOHIACHTEL, XapakTepu3yIOlIHe NOMHOTY AHArPAMMEL MaTepHana, 0, =1— ;
1] — YPOBEHb HAIPOKEHUH, BEIMMCIISEMBIH 110 dopMyie

1=(0m=Gmet)/(6m = Omer) 20, (6.66)
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G el — HATIPSDKEHHS, OTREYAIONIHME IPEAENY YIPYTOCTH MATEpHATa.

B ¢opmyne (6.65) 3Hak miIroc NPHHAMAIOT IS AHarpaMMbl AeOPMHUPOBAHUA apMaTyphl H
JUIL BOCXORAIIEH BETBH JUarpaMMEI ieGopMHpOBaHHA OeTOHa, a 3HaK MUHYC — IS HECXO(amel
BETBH  JguarpaMMbl  paedopmmpoBarns  OeroHa. Hucxomsigyr:o  BeTBb  auMarpamMMel
JedopMupoBaHus 6eToHa JoITycKaeTcd IPHMEHATH JI0 YPOBHS HalpspKkeHuit 12> 0,85 .

JnarpamMMel nedopMEpOBaHAS apMaTyPhI IPH CKATHH H PACTSHKEHHH CIEyeT IPUHAMATE
OJIHAKOBBIMH.

6.3.13 TlapameTpnl  KpuBONMHEHHON auarpaMmbel  OedOpMHpOBaHHS  apMmaryphl ¢
¢dm3nyeckodt (Oe3 ydera yvyacTka YNPOYHEHHS 3a IUTOIIAAKOM TEKY4ecTH) M C YCIOBHOM

IUTOINAKOH TEKYUECTH NPH BEIMHCIEHWH KO3Q(HIIHEHTOB YIPYTOCTH Vy; CIEAYET BEIYUCIATE IO
bopmynam:

A2, 2 "2
1.2 NsuRs . _ (Vo =vs) " (Mp 2 -1+ (vgo V)
VO =1 3 vs = E s Wel — P} ~ 2 s
s€s,u (0,2 =M0,2)(Vo —Vs)
. I-ng g R
COsel = Tls,ele » 85 =Eguirs No2 = l—ns,e » Voo = ’k’ma 6.67)
S, s TY, s

T7i¢ 3HaYeHHs KOIPOUIMEHTOB Mgy U My, CIENYeT NPUHMMATB T Tabuue 4.

Tabnurna 4

Bua u kiacc apMarypsl Neet N
A240 0,97 1,01
A400 0,90 1,05
A500 08 11
TopauexaTanas xnacca:
A600 0,7 1,35
A800 0,7 1,45
A1000 0,7 1,25

Tepmomexanuqecky yrpodHeHHas knaccoB AT1000 u At1200
JMAMETPOM, MM:
10-14 0,8 1,23
16-32 0,8 1,15

XonoauoehopMupoBaHHas
wiacca B500 quamMeTpoMm, MM:

3 0,7 1,09
4 0,7 1,08
5 u Gonee 0,7 1,05
knacca Bpl200 nuamerpom, MM, 8 0,85 1,05
»  Bpl300 » 7 0,85 1,05
»  Bpl400 » 6,5 0,85 1,1
»  Bpl460 » 4 0,85 1,2
» B1500 » 3 0,85 1,2
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6.3.14 IIpu pacueTe 2/IEMEHTOB, YCHJICHHBEIX BHEIINHM apMHpPOBaHUEM B IPOJOIBHOM
HallpaBJICHAH, apaMeTphl KPUBOIMHEHHOA nuarpaMMel fedopMupoBanns GeToHa (PUCYHOK 7)

[pH BBMUCICHAH KO3 GHIIHEHTOR YIIPYTOCTH Vy,; CIENYeT IPHHAMATE DABHBIMH:

a
Oy

6bt = Rbt \

Op = _Rb,ser

Pucynox 7 — Kpnsoannelinble narpamMmsl fegopmuposanns 6erona

a) s ANarpaMMel CKaTHA
1 06eux BeTBell AHArpaMmel
. O

A R 0: % Ry, .
G, =— , (e} = V= N I e ,
b b b.el s Vb €50 Eb Rb

1A BOCXO[ALIEH BETBU

vo=1 @ =2-2,5V;;
JUIA HUCXOJAINEH BEeTBH

v =2,05V,; o =1,95V, —0,138;
6) U1 AEarpamMMbl pacTHKEHHS

. ) Opy .
Gpr = Ryr3 Oprer =05 Vo =0,6(1+0,1R;,) 5 M =R_:’

JUIs1 BOCXOJALIEH BETBH

Vo =1 (] =2“2,5\A’bt;

(6.68)

(6.69)

(6.70)

6.71)

(6.72)
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JUIS HACXORALIEH BETBH

v =2,05V;,; 0] =1,95V,, —0,138, (6.73)

TA€ € — OTHOCUTENbHAA AedopManus B BepIIMHE AMArpaMMBI Ckatud GeTOHa, IPHHAMAEMAs:
OpH  HENPOJNOIDKHMTENHHOM  ACHCTBMH Harpyskd — pasHoii 0,002, mpm
TIPONOJDKATEILHOM JielicTeMu  Harpy3ku — mo CI163.13330 B8  3aBHCHMOCTH

OT OTHOCHTEJILHOH BIKHOCTH OKpYXaromei cpe/ibl.
B ¢opmyne (6.71) 3nauenne R, nipunumarot B MITa.
6.3.15I1lpu pacyere IIE€MCHTOB C MpPHAMECHEHHEM IBYXJIHHEHHBIX H TPEXJHHEHHEIX
auarpamMM feopMHpoBaHHs GETOHa M CTCPXKHEBOHM apMaryphl HapaMeTphl JNHarpaMMbl s
BBIYHC/ICHHS 3HAUCHUH KO3(QQHUIMEHTOR YNPYTOCTH Vp; H Vg CHEAYeT IPHHUMATH COIVIACHO
CI163.13330, npuHMMas B HHX JUIf CXAThIX I3JE€MEHTOB C BHEIIHHM apMHpPOBaHHEM B
TIONEPEYHOM HANpaBiICHHH BMECTO XapaKTCPHCTHK GeTOHa R, M € XapakTepHUCTHXH R,3 H

€p3, OnpeaesemMsle o hopmynam (6.23) u (6.74) COOTBETCTBEHHO, a 3HaYCHHE £, NPUHAMATH
C YYETOM KOpPPEKTHPYIOIIEro K03 dHIMEnTa, paBHOTO OTHOIIEHHIO €53 / €59

Ry
€p3 =Epp + 2}lf —z:b— . (674)

6.3.16 [lpu pacdeTe JIEMECHTOB, YCHJICHHBIX BHEIIHUM apMHpPOBAHHEM B MOIEPEYHOM
HanpapsJieHHH, NapaMeTphl KPHBONMHEHHON nuarpamMMbl cxaTHsd OeTOHa NpH BHIYKCICHHH
KO3 (PHIIMEHTOB YIPYTOCTH Vj; CIEAyeT IPUMHUMaTS 110 6.3.14, B 3aBucuMocTsx (6.68) xoToporo
BMECTO XapaKTEPUCTHK O€TOHA R, U €q CIEAYET NOACTABIATh XapaKTCPHCTHKH Rp3 ¥ £;3.

6.4 PacdeT o NpoYHoCcTH ceyeHHil, HAKJIIOHHBIX K HPOJ0JILHOM OCH 3IeMeHTa

6.4.1 Pacuer 10 [pOYHOCTY HAKJIOHHBIX CEYEHHH IKene300€TOHHBIX JJIEMEHTOB,
YCHIICHHBIX BHEINHUM apMHMpPOBAHHMEM H3 KOMIO3HTHBIX MaTcpHAIOB B BUJAE ABYXCTOPOHHHX,
TPEXCTOPOHHAX HIM 3aMKHYTHIX XOMYTOB (PHCYHOK 8) cliefyeT MpOBOMHTh MO HPOTHOCTH
GeToHHOM MOJIOCH MEXAY HAaKIOHHBIMA TPCIIMHAMH, [I0 HAKIOHHLIM CEUEHHAM Ha JeHCTBHE
TIOIEPEYHBIX CHUIT U TI0 HAKJIOHHBIM CEUCHUSIM Ha AeHCTBHE MOMEHTOB.

Pucynok 8 — CxemMbl yCHJICHHA HAKJIOHHBIX CeYeHHH 3/IeMeHTOB
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6.4.2 Pacyer wu3rubaeMbIX D3JIEMEHTOB MO MPOYHOCTH OETOHHOH IONOCBI MEXAY
HAKJIOHHBIMM TpellMHaMu cieayeT npoBoguts mo CIT63.13330 6e3 ydera paGoThl BHEIIHETO
apMMPOBAHHS H3 KOMIO3HTHBIX MAaTEPHAIIOB.

6.4.3 PacueT narubaeMbIX JIEMEHTOB 110 HAKJIOHHBIM CEYEHMAM Ha JEHCTBHE MONEPEYHBIX
CHJI CNICAYET NIPOBOMMTH U3 YCIIOBHS (PUCYHOK 9)

QSQb +st+wa’ (6.75)

rae Q - nonepedHas Cwjia B HAaKJIOHHOM CEYeHUH ¢ JUNMHOH npoexkuud C Ha HNpOAONBHYIO OCh
3JIEMEHTa, ONpeneseMas OT BCeX BHEMIHUX CHJI, PaclIONIOXKEHHBIX IO OJHY CTOPOHY OT
paccMarpuBaeMOro HAaKIOHHOIO CEYeHHs; IIPU 3TOM YUMTHIBAIOT Haubonee omacHoe
3arpyeHHe B IIpefeNiaX HaKJIOHHOIO CEUeHMS,
Q» — nonepeyHas cuiia, BOCIpHHAMaeMas 6€TOHOM B HaKJIOHHOM CEUCHHH, ONpeaenseMas 1o
CI1 63.13330;
Osw — TIONepedHas CHla, BOCIPHHIMaeMast CTaNbHOM NMoNepedHoR apMaTypoii, ycTaHOBICHHON
B HAKJIOHHOM CEYEHHH C IIATOM S, onpeneinsemas o CIT 63.13330;
O, —TionepeyHas cuwia, BOCIPUHMMAaeMasd [ONEPEYHOH apMaTypodl H3 KOMHIO3HTHBIX
MAaTEpUaOB B HAKIOHHOM CeueHnY (PHCYHOK 9), onpexenseMas o dpopMyie

Az R4, sinaC
Qﬁv:wf_ﬁ_ﬁl____ﬂ., (6.76)
Sf
rae Y p — Ko>hGHIUMEHT, 3aBUCALLMI OT IPHHATOM CXeMbl HaK/IEHKH, PaBHBIH
0,95 — 0 3aMKHYTHIX XOMYTOB;

0,85 — nna AByX- B TPEXCTOPOHHUX XOMYTOB;

Chs,-a
= ___ﬁ;___l; (6.77)

C - pnvHa MPOEKIHY HAKJIOHHOTO ceyeHusd, npunuMaemas mo CIT 63.13330;

Sfiv She

To,c0,+0,

Pucynok 9 — Cxema ycnauii npu pacyere xe/1e300e TOHHBIX 3/1eMEHTOB ¢ BHEWIHAM APMHPOBAHAEM
H3 KOMIO3UTHBIX MaTEPHAJIOB 10 HAK/JIOHHOMY CeYeHHI0 Ha AeliCTBHE NOMEPeYHbBIX CHIT
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hp, — BbICOTA HAKIICHKY IONIEPEYHOTO XOMYTa;
Afp, — nIOMA/h CCUCHUS NIONEPEIHOTO XOMYTa H3 KOMIO3HTHOTO MaTepHala;
Rf, —pacdeTHOC 3HAYCHHE CONPOTHBIIEHHS] DPAacTDKEHHIO KOMIIO3MTHOTO MaTepHana IpH

pacyeTe NMPOTHOCTH CEYEHHI, HAKJIOHHBIX K MPONOIBHON OCH JNEMEHTA, PUHHMAEMOe
paBHBIM

Rp, =0,75R, <0,004E (6.78)

a IpH YCHACHMM B BHJE JBYX- WIH TPEXCTOPOHHHX XOMYTOB — ¢ Y4€TOM JONOJHUTENHHOrO
YCIIOBHS

Y f4 — KO3OHUMEHT HAJEKHOCTH [0 CUETIEHHIO, IPHHAMAEMBIH PaBHBIM:

kikyLrE ¢
=——4_7 <0,75; 6.80
KANISTCY 2 €59
Ls - s ¢exTuBHas NMHHA aHKEPOBKY, MM
L= __&0%5? : (6.81)
(nthf) >

#1 — 9HCII0 CJIOEB ITOJIOC IIONEPEYHOI0 XOMYTA,
ki —xosdpdunuent, yuureBaromyii mpoyHocTs GeToHa

2
b =(0,1Ry)3 (R, —B MIla); (6.82)

k5 — xo3dbduIMEHT, YIUTHIBAIOIHH CXEMY YCHIEHHS, IPHHIMAECMEIA PaBHBIM
- IUIA TPEXCTOPOHHHX XOMYTOB:

he, —L
ky =L (6.83)
Afy
- 1A ABYXCTOPOHHHX!
hs 2L
ky = el (6.84)
hpy

B ¢dopmynax (6.79) u (6.80) 3HaueHue R f CHeNyeT ONpeNeNATh HO dopmyne (5.1), B
KOTOPO# 3HaueHUe KO3QPUUKEHTa Y, NPHHEMAIOT paBHEM 1,0.

HMapameTps! dopmyn (6.80) — (6.82) cnenyetT DpHHAMATE KaK Oe3pasMepHBIC BEIMYHHEL, a
HX YHCJIOBBIC 3HAUCHUA: B MM — FeOMETPHYCCKHIE XapaKTepUCTHKH H B MIla — mpounoCTHbIE H
JeOpMalHOHHBIE XapaKTCPHCTHKY.
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6.4.4 Ilpn pacueTe wu3rubaeMBIX OSICMEHTOB IO HAKIOHHBIM CEYCHHAM Ha JeHcTBHe
TOTIEPEYHBIX CHJ B YCiI0BHHE (6.75) cnenyer NpyHUMATh

0 5+ Qpy S2,5Rybhy . (6.85)

6.4.5TIpyu TPOECKTHPOBAHWM YCHIICHHS HaKJIOHHBIX CEYCHHH ciexyer obecrneduBaTh
cobmoAeHHE YCIOBHI

Q sw+ Qi 2 0,5Ry by . (6.86)

6.4.6 PacyeT xene300€TOHHBIX JJIEMEHTOB IO HAKJIOHHBIM CEUYEHHMSIM Ha JAeHCTBHE
U3rubarolX MOMEHTOR CIENYET IIPOBOJMTE U3 YCIOBHA

M<Mg+Mg, + M, (6.87)

riae M — MOMEHT B HAKIIOHHOM CEYEHMH ¢ JJIMHOHN mpoekuun C Ha MpPOJIONBHYIO OCh JJEMEHTa,
oNpefeyieMblii OT BCEX BHCIIHUX CHJ, PAacloJIOKEHHBIX IO OJHY CTOPOHY OT
pacCMaTpuBacMOro HAKNOHHOIO CEYEHU;
M; — MOMEHT, BOCHpHMHHMMAaeMblii TpPONONBHOM CTalbHOM apMaTypoH, Iepecekaromei
HAKJIOHHOE CCYCHHUE,
M, — MOMEHT, BOCIPUHHMAEMBI# [ONEPEYHOH CTalbHOM apMaTypoH, [epecekaromeit
HAKJIOHHOE CEYCHHE;
My — MOMEHT, BOCHPHHHMAEMBIH TONEPEYHOH apMaTypoll H3 KOMIIO3HUTHBIX MAaTEpHAIIOB,
NepeceKarolel HaKIOHHOE CEUCHHE.
3HaueHus MOMeHTOB M, B M, cienyer onpegensts mo CIT 63.13330, a srageHne MOMeHTa
My no dopmyne

M;=0,504C. (6.88)

Pacuer mo npefeJbHBIM COCTOSIHHSIM BTOPOii IpyNNbl

6.5 Pacuer no o6pa3oBaHHI0 TPEMHUH

6.5.1 Pacuer ycuneHHBIX u3rnbaeMBIX KeIe300€TOHHBIX SIEMEHTOB 10 00pa3oBaHHIO
TPELIUH CNeRYET IPOBOAUTS U3 YCIOBHS

M>M

crec

(6.89)

rae M —usrubaronift  MOMEHT OT BHEIOHEH HArpy3kH OTHOCHTENHHO OCH, HOpMAalbHOH
K IJIOCKOCTH NIeWCTBMS MOMEHTa H NPOXOJAINeH depe3 HEHTP TAKECTH NPHUBEAECHHOTO
[IOTIEPEYHOr0 CCUCHHS IIEMCHTA;
M., — m3rubaiomuii MOMEHT, BOCIIPHHMMAECMBIH HOPMaJIbHBIM CEYCHHEM JJIEMEHTA B MOMEHT
0o6pa3oBaHus TPEIIHH,

6.5.2 Usrubaromuit MOMEHT M., Tpu o0pa3oRaHHH TpEMUH cleNyeT ONpPEASNATh IO
IehOopMaOHHOH MOJENH — U3 pelleHHs IPUBEIEeHHBX B 6.3.5-6.3.8 cucrem ypaBHeHHH npu
OTHOCHTENBHBIX JeopManuax 6eTOHA €pmax Y DACTAHYTOH TpPAHH 3JEMEHTa OT JACHCTBHA
BHEIUHEN HATPY3KH, PaBHBIX NPEJEIbHOMY 3HAYEHHIO IIPH DACTSOKCHHM Epyr 1IPH 3TOM
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PacyeTHLIE XapaKTEPUCTHKH MAaTepHAIOB NPHHUMAIOT UL [pPEeNESbHBIX COCTOSHHE BTOpOM
IPYNIIbl, @ 3HAYEHHE €,y IPH HETIPOAOIDKUTEIFHOM JEHCTBHH Harpyska paBHM 0,00015,

6.5.3 JIna 3MeMEeHTOB NpPAMOYTOJNBHOrO, TABPOBOTO M/ JBYTABPOBOTO CEYEHMS C
apMaTypoH, pacrojloXXEHHOM y BepxHe# W HIDKHEH rpaHed, MoMeHT o0pa3oBaHMS TPEHIMH C
y4eToM Heympyrux Aedopmauuii pacTaHyToro 6eToHa JONycKaeTes ONpeaelsTh 10 YIPOIIEHHOM
merozuke CIT 63.13330 — o popmyre

M. = Rbt,seerl t Ney, . (6.90)

rae Wy, ~ ynpyromiacTHYecKHH MOMEHT COIPOTHBJIEHHA CEYCHMA ISl KpaHHEro pacTsHyToro
BOJIOKHA OeToHa;
€x — PacCTOSHHE OT TOYKM IPHIIOKEHHS IPOJAONBHOM CHIBL N (pacloNoXeHHOH B NEHTpe
TAKECTH MPUBENEHHOIO CEYCHHS 3JEMEHTA) N0 AApOBOH TOUKH, Haubomnee yaaleHHON
OT PacTSAHYTOH 30HBI, TPEIHHOOOPa30BaHHE KOTOPOH MPOBEPSIOT.
B dopmyne (6.90) 3maKk «mwiroc» NPHHUMAIOT [PH CXXUMAKOMIEHR OpONOJILHON cuie N,
«MHHYC» — [IPH pacTSrMBaroIleH cuie.
Jlns KOHCTpYKUME ¢ NpAMOYTONRHOH, TaBpOBOH M JBYTaBpOBOM (OpMaMM NOLCpPEdHEIX
ceyeHud 3HayeHue W, IpH AeACTBMH MOMEHTa B IUIOCKOCTH OCH CHMMETPMH IOMYCKaeTcs
TIPHHUMATH PaBHBIM

Woi =1Weea s 6.91)

rae ¥ — xo3dduuueHT, IpHHUMaeMbli o Tabruue 5;

W ,eq — yIpyTHil MOMEHT COIPOTHBIECHHUA NIPHBEICHHOIO CEYESHHUA 110 PACTAHYTOM 30HE CEYESHHUS,
ONpEREIsIeMBIH B COOTBETCTBHH € 6.5.4.

Tabnuma 5
®opma ceaeHus 3navenue koaddunueHTa y
1 IIpsMoyronbHOE M TaBPOBOE C MONKOH, PACTIONOXEHHOH B CHKAaTOH 30HE 1,3
2 TaBpoBoe ¢ MONKO#, paclolOKEHHOH B PaCTAHYTOH 30HE:
-nph by /b <2 HE3aBHCHMO OT OTHOLUICHUS h I /h 1,25
-nmpu by /6>2 m he/h20,2 1,25
-npu by /b>2 1 by /h<0,2 1,20
3 {eytaBpoBoe cHMMeTpH4HOE (kopobyaToe):
-npu by /b=by /b<2 He3aBUCHMO OT OTHOLIEHHS hylh=hylh 1,30
-npu 2< b'f lb=bs/b< 6 HEe3aBUCHMO OT OTHOILCHUSA by /h= h} lh 1,25
-npn by 1b=bs/b>6 u hy/h=Hr1h>0,2 1,25
-npn 6<by /b=b/b<IS n he/h=h1h<0,2 1,20
-npn by /b=bs/b215 v hy/h=h,/h<0,2 1,15
4 Jlsyrasposoe BecHMMeTpHuHoe npu by /b <3:
-nipu by /b <2 HesasucuMO OT OTHOLIeHUS Ay / B 1,30
-npu 2<b; /b <6 nesaBucuMO OT OTHOWeEHNUS Ky / h 1,25
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Oxonuanue mabauyer 5

®opMa ceueHHus 3nauenne kodpdunnenTa y
-npu b /6>6 n hye/h>0,1 1,25
5 JleytaBpoBoe HecummeTpuuroe npu 3 <b7 /b <8:
- Ipu bf /b <4 He3aBHCMMO OT OTHOLIEHHA hf lh 1,25
-npu by /b>4 u hy [h20,2 1,25
-npu be/b>4 uhy [ h<0,2 1,20
6 isyrasposoe HecummeTpuunoe npu by /b2 8:
-npu hy/h>0,3 1,35
- fIpH hf/hSO,B 1,30
Oboznavenua:

b u h — wwpwna peGpa 1 BLICOTA CEYSHUA;
by w hy ~ WMpUHA N TONUNHA NONKH, PACTIONOKEHHON B PACTAHYTOR 30He CeYeHNUS;

b'f " h}r ~ LIWPHHA Y TOJILGMHA TOJIKM, PACTIONOXKEHHOM B CKATON 30HE CEUEHHA.

6.5.4 MomeHnT conpotuBneHus W,.; i pacCTOsTHUE e, OIPeAEIAIOT 10 hopMynam:

I
Wyeq = 24 (6.92)
Y
e, = Wred , (6.93)
Ared

rae Iy — MOMEHT WHEPIMH NPHBEICHHOIO IONEPEYHOI0 CEYeHWs OTHOCHTEIBHO €r0 LEHTpa
TSKECTH, OIIpEe/IIeMbIH C YIETOM BHELNHEN apMaTyphl U3 KOMIIO3UTHBIX MaTepHasioB

Ligg =T+ Ia+Ia+1c00p; (6.94)

1,1, Ign Iy —MOMEHTE! MHEPLWMH CEUEHHH COOTBETCTBEHHO GeTOHA, paCTAHYTOH CTANbHOH

apMaryphl, CXaTo¥ CTanbHOH apMaTypel H BHCEIIHEH apMaTypsl H3
KOMIIO3UTHBIX MATCPHAIOB OTHOCHTENBHO ILEHTPa TKECTH IIPUBEACHHOTO
[IONIEPEYHOr0 CEUCHHS;

Ajeq— IIOIIANG CEYEHMS IPHBEACHHOTO IIONEPEYHOrO CEYEHMA 3JIEMEHTa,
olpexeinseMas 1Mo GopMyie

Appg = A+ Ao+ A+ Agap (6.95)

O ¥ Oy — KOOQQUIUUEHTS! NPUBEACHHsS CTAIBHOM apMaTyphl M BHEWIHEH apMaTyphl u3

KOMIIO3UTHEIX MaTepHaJIOB K 6eTOHY
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a=—%;0,=—; (6.96)

A, A, A m A f —IIOMAny IONEPEeYHOIOo CCUYCHMA COOTBETCTBEHHO 6erona, pacTaHyTOH

CTIBHON apMaTyphl, CXKaTol CTaNbHOM apMaTyphl M BHEIUHEH apMaTypei U3
KOMIIO3UTHBIX MaTEPHANIOB;

¥:— paccTosHHue OT Haubojee PacTAHYTOTO BOJIOKHA GETOHA JO LEHTPa TAKECTH
NPHBEJEHHOTO IONEPEYHOro CEUCHHS HIeMeHTa

S,
y, = 2bred (6.97)
Ared

TO€ S req — CTATHYECKAH MOMEHT IUIOIIAAM I[IPHUBEAEHHOTO IIONEPEYHOrO CEUYEeHMs SJIeMEHTa
OTHOCHTEIBHO HanboJee PacTAHYTOro BONOKHA GeToHa,
JHomnyckaercs MOMEHT CONPOTHBICHUA W,.s onipefie/iTh 6e3 ydeTa CTalbHOM apMaTyphl H
BHEIIHel apMaTyphl U3 KOMIIO3HTHBIX MAaTEPHANIOB.

6.6 Pacuer IIMPHHBI PACKPBITHS TPEIM¥H, HOPMAJBLHBIX K HPOAOJIbHOM 0cH 3JIeMEHTA

6.6.1 Pacuer mMpHHBI PacKpHITHS TPELIHH, HOPMANBHBEIX K THPOJOJIBHOH OCH 3MEMEHTa,
ciexyer nposoauts mo CIT 63.13330, npunumMas B pacueTHBIX (GOpPMynax reoMeTpHYECKHE
XapaKTCPHCTHKH CEYCHHS OJJIEMEHTa C Y4YeTOM BHEHIHETO0 AapMHPOBAHHS KOMIIO3HTHBIMH
MaTepranamMu.

6.7 Pacuer no aedopmanusam

6.7.1 PacueT >xene300€TOHHBIX 3JIEMEHTOB MO Iporubam cleAyeT NPOBOIHTH IO
CI163.13330 n nonmonuwutensHo o 6.7.2 1 6.7.3.

6.7.2Ilpn pacyere YCHICHHBIX 3JIEMEHTOB IO MporubaM YIpPOLIEHHEM crnocoboM B
pacyeTHRIX (OpMynTax TIeOMETPHYECKME XapakTepHCTHKH CEYEHHS JJIEMEHTa CIeAyeT
ONpeAeNATh C YYETOM BHEIIHEr0 apMHPOBaHMS KOMIIO3HTHBIMH MaTe€pHalaMH, a 3Ha4ycHHE
ko3¢ dHUNUeHTa NPUBENEHUSA BHEIIHEH apMarypsl K OeToHy o # TpH pacdere BBICOTHI cxaroi

30HBI 3JIEMEHTA IpUHHUMATh PaBHBLIM
Ey

o = ——,
Eb,red

(6.98)

6.7.3 KpuBH3HY YCHICHHBIX IEMEHTOB Ha OCHOBE HENUWHENHOH NeQopMallMOHHON MOJIENH
CNIEXYeT OLpPENeIATh W3 PEelICHus IPUBEACHHBIX B 6.3.5-6.3.8 cucrem ypaBHeHmii. [Ipu aToMm juist
3JEMEHTOB C HOPMANbHEIMA TpPELIMHAMH B PpacTAHyTOd 30HE HaNpsoKeHHE B apMarype,
NepeceKaroIiell TPEIUHE, ONPENeIMOT oo hopMmyIie
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- VISl CTAJIGHOH apMaTyphl:

A (6.99)

5f
Vsj

1
Yy =l-—o, (6.100)

14+0,85gere
>
Ey
The € .. — OTHOCHTeNbHAA NeopMalys PacTIHYTOH apMaTyphl B Ce9CHHM C TPEINMHOH cpasy
noce 06pa3oBaHHs HOPMANEHBIX TPEMHH,
€ — yCpe[HEeHHas OTHOCHTENBHAs JeQOpMalys PaCTAHYTOH apMaTypsl, IepeceKatommel

TPEIIHHEI, B PaCCMaTpHBaeMOii CTaHA pacyeTa;
- AJ11 BHEIMHEH apMaTypbl #3 KOMIIO3HTHBIX MaTepHAIOB!

Ece
op=—L%, (6.101)
Vs
Y=l (6.102)
" 140,85 kere '
€

TO€ € g o — OTHOCHTENbHAd AeOpMAlMs BHEIMHEH apMaTyphl B CEYCHHH C TPCIMHOA cpasy

mociie 06pa30BaHus HOPMANBHBIX TPEIUH;
€ /¢ ~ YCPeZHEHHAs OTHOCHTENbHAs AeopMalMs BHEIUHEH apMaTyphl U3 KOMIOSHTHBIX

MaTcpHaos.

7 Kene3o0eToOHHBIe  KOHCTPYKIIMH ¢  TNpeJABAPHTENLHO  HANPSKEHHOH
apMaTypoii, YyCH/IeHHbIe BHEIIHMM AaPMHPOBAHMEM M3 KOMIO3HTHBIX
MaTepHaloB

7.1 O0He MOJIOKEHUS

7.1.1 3pauenre mnpeABApUTENHHOIO HAUPSKCHUSA B apMaType, pAacloOJIOKEHHOH B
pacTAHyTOM NpM 3KCIUIyaTalldM 30HE CEYCHHs DJJIeMEeHTa (OCHOBHOH palodell apMmarypsl),
cleAyeT IPUHUMATh PaBHBIM [IPOEKTHOMY 3HAYEHHIO Ha4aNbHOTO HANPHKEHH, CHHDKCHHOMY Ha
3HaYeHHe MOJHBIX CYMMAPHEIX IOTEPs, onpepenseMoe no CIT 63.13330.

7.1.2 Tpu onpeseNicHAM OpeABAPUTEIEHONO HANPSOKECHKS B apMaType IMOJHbBIE CyMMapHBIE
MIOTEpH clenyer npuHuMarth He meHee 100 MITa.

7.1.3 Ilpu OTCYTCTBHHE NPOEKTHBIX ARHHKIX IPEABAPUTEILHOE HAIIPSIKEHHE B apMaType HE
YYMTHIBAIOT.
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Pacuem no npedenvHbM cOCMOAHUAM REPEOTL ZpYNNbY

7.2 PacyeT 1o NPOYHOCTH HOPMAIbHBIX CeMeHHH M0 NpeAe bHLIM YCHIUAM

7.2.1 Ilpu yuere HAYaJILHOTO HaNpsHKEHHO-1eOPMHPOBAHHOTO COCTOSHUA
IIpeABAPUTENILHO HANpPSXKEHHBIX M3ruOaeMEIX 31eMeHTOB B dopmynax (6.1) u (6.2) HavanpHEE

3HAYCHMS OTHOCHTENBHON JehopMaiin cTajIbHOM apMaTyph eg ¥ OTHOCHTEIILHOM AedopManuv

cxaroro GeTona ag JIOTIyCKAaeTCs ONpeaeaTh 0 GhopMymanm:

My—N e
€g=“—0"_£'2(h0_x0)+8spa (7.1)
Ebllred
My—-N,e
52:__._0_’2__0_1'2.,50’ (7.2)

roe N p H ¢y P — YCHUIHE MPEeABAPHUTCIIBHOTO obxaTus M €ro IKCHEHTPHUCUTET OTHOCHTEJIBHO

LEHTPa TAKCCTH NPUBCIICHHOTO MOIICPCYHOr0 CCUYCHH S JJIEMEHTA,
€ p OTHOCHTECIbHAA ne@opmaunﬂ OPEABApPHTCIBHOIO HAIPSDKCHUA apMaTyphl.

3uavenus N P €p> Ey, Leaw xy B dopmynax (7.1) u (7.2) cnenyer onpeneisTs Io

CII 63.13330.

7.2.2 Pacyer 110 MIPOYHOCTH HOPMAJIbHBIX CEYECHUH IPH ACHCTBHH U3rHOAlOIMX MOMEHTOB
cleXyeT MpOBOAMTH mo TpebomamuaM pasfena 6.2. Ilpm srom B dopmynax pasmena 6.2
0003HaYeHHs nuIomanel cedeHHs A, H A; Clelyer OTHOCUTh KaK K HalpsracMoil, Tak M K
HeHampsraeMoH apMarype, a 3HAYCHHMSA OTHOCHTENHHON HedopMalHM INpeXBapUTENHHO
HanpsKEHHOH apMaTyphl PacTAHYTOH 30HHI €, ,; (fopmyna (6.15)) mpu BEMMCIECHUHN 3HAUCHHS

TpaHHYHOM BBICOTEI CXaTo# 30HHI 6eToHa & p CEXyET OnpeaensTs no popMmye

R, +400-0c,
E

s

€501 = , 7.3)
Te O, — NPEIBAPHTENBHOE HANPSXKCHUE B apMaType C yd4eTOM BCEX NOTeph H Yy, =0,9;
400 - B MITa.
7.3 Pacuer N0 NPOYHOCTH HOPMAJBHBLIX CE€YeHHMII Ha OCHOBE HeJHHeHHOI
nedopmManHoHHOH MoAe H

7.3.11lpu pacueTe mo NMPOYHOCTH HA OCHOBE HENMHEHHONH Ne(OpPMANHOHHON MOZEIH
ycuaus u aehopMaliH B CEYEHHH, HOPMAIBHOM K IPOAOALHON OCH 3IIEMEHTa, OUpPEACISIOT IO
pasaeny 6.3 u gonoymETenpHO 1o 7.2.2 (pucyHok 10).
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Pucynok 10 — PacuerHas cxeMa HOPMAJBLHOTO CeHeHNs NpeABAPUTEbHO HANPSKEHHOTO
KeJ1e300eTOHHOTO 3JeMeHTa ¢ BHEIIHNM apMHPOBAHHEM H3 KOMIO3HTHBIX MaTepHAJIOB

7.3.2 Ing xene300eTOHHBIX 3JIEMEHTOB C IPEIBAPHUTEIIFHO HANpsDKEHHOH apMaTypo#
KECTKOCTHBIE XapakrepucTuku Dy (i, — 1,2,3) B yparHeRHsAX (6.47)~6.49) cregyeT ompenendrs

no gopmynam:

2 2 2 2 .
Dyy = Z ApiZii Epvy; + Z AstsijsjVsj + Z AgZ i BV + Zk: AszﬁckEf > (7.4)
i 7 i

2 2 2 2 .
D22 = Z AbiZbyiEbei + Z Asjzsijajvsj + Z AsiZsyiEsivsi + % A/kaykEf s (7.3
i J i

D12 = Z AbibeiZbyiEbei + Z Asjzsszsijsjvsj + Z AsistiZsyiEsivsi + % AszﬁszykEf ; (7~6)
i j i

D3 =3 AiZpi By + 2 AgZogEgy g + 3 AgZo Egv g + %A VAR 7.7
i J i
Dy3 = Z AbizbyiEbvbi + Z AstsﬂEsjVsj +Z AsiZsyiEsiVsi + Z Akaﬁ/kEf > (7.8)
i J i k
Dy3 =3 ApiEyvei + L AGEGV G + 2 AgEgvg + X AgEy (7.9)
i j i k
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tae Asi, Zsxi, Zsyi, Ogi — IJIOMAAb, KOODAMHATHI ILEHTPAa TOKECTH J-rO CTEPXXHA Hamparaemoi
apMaTyphl ¥ HaNPXKCHHE B HEM;
€,; — OTHOCHTENbHAsA AehopManus i-ro CTEPXKHA HampsTacMo# apMaTypsl OT
JeHcTBYUS BHECIOHEH Harpy3Ku,
E;; — MOIyTb YIPYTOCTH i-TO CTEpP)KHSA HalpsraeMoi apMaTyphl.
7.3.3 3aBHCHMOCTD, CBSA3BIBAIOIYIO HANpKEHHA U OTHOCHTENBHbIE JAehopMalv
[peABapUTENBHO HAlPHKEHHOH apMaTyphl ClieAyeT IPHHAMATh B BUIE:

oy =Es,-vs,-(es,-+£spi), (7.10)

Ihe Eg,; — OTHOCHTeNbHas ~ AeQopMauMs  IpENBApUTENHHOTO — HANpSUKEHHS — apMaTyphl,

onpezgsAeMas ¢ y4eTOM JIOTePh [IPeIBAPUTENIbHOIO HANPSKEHUA.
Pacuem no npedenvHvim cocCoaruamM 6mopon zpynnsl

7.4 Pacyer o 06pa3soBaHHIO TPEMUH

7.4.1 PacueT NpeaBapHTENbHO HANPSHKCHHBIX H3rHOAeMBIX JJIEMEHTOB 10 06pa3soBaHMIO
TPEIIMH CiiefyeT IIPOBOIUTD IO pasfeny 6.5 1 JOIOoAHHTENpHO 1o 7.4.2 11 7.4.3.

7.4.2 Marubaronii MOMEHT M, Ipu 0Opa3oBaHHMH TpEIMH CHEAYET ONpeAeiiaTh II0
JedopManOHHOH MOJIENH — H3 PEHICHHS CUCTeMBbl ypaBHeHUH (6.47)~(6.49) ¢ ompeneneHueM
JKECTKOCTHBIX Ko3dduumenTop no ¢opmynam (7.4)+(7.9) npu OTHOCHTENBHBIX AedopMarmIxX
OEeTOHA E€prmax Y PACTIHYTOM TpaHH 3JIEMEHTa OT AEHCTBHA BHEIIHEH HArpy3kw, PaBHBIX
TIpeICbHOMY 3HAYEHHMIO [P PACTKCHUM Ep,y. 1IpH 3TOM pacueTHBIE XapaKTEPHCTHKH
MaTepHasoB IPHHUMAIOT AJIA NPEeJCIBHEIX COCTOSHHUE BTOPOH IPYIIIBL.

7.43 IInd >1IEMEHTOB INPSIMOYTONBHOIO, TABPOBOTO HJIH J{BYTABpOBOIO CECYEHHA C
apMaTypo#, pacrosiO)KEHHOH Yy BepXHell M HIDKHEH rpaHeif, MOMEHT 0Opa3oBaHMA TpEIMH C
Y4ETOM HEYNPYTHX NedopMaruil pacTIHYTOro 6eToHa JOMyCKaeTcs OMPeAeIaTh O YIPOMCHHOH
METOJHKE 1O popMmyne

Mo = Ry oW £ Pegy, 7.11)

rae e ap = eOp +r —PacCTOAHUE OT TOYKH MNPHIIONKCHUS YCHWIHA TPEABAPUTECILHOI'O obxarus P

00 SApOBOH Touxm, HamboNee YAaNGHHOM OT pPacTAHYTOH 30HEI,
TpemUHO0Opa3oBanue KOTOPO IPOBEPSIOT;
€yp — TO XK€, 10 LUEHTPa TSHKECTH NPHBEACHHOTO CCUCHH;

¥ — pacCTOSTHHE OT LICHTPA TAKECTH NIPUBCACHHOIO CEYEHM JO ﬂI[pOBOﬁ TOYKHA

Wred

¥ = ———

. (7.12)
Ared

B cdopmyne (7.11) 3Hak «IUmOCy OPHHUMAIOT, KOTJa HAIPABJICHHUS BpAIIEHUsS MOMECHTOB
Pe;, n sremnero usrubarommero MomeHTa M NPOTHBONOIOKHDL, «MUHYC» — KOT/a HalpaBIICHHs

COoBIIAAarKOT,
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Suavenust Wy, W,,q ¥ Areq OPENCIAIOT 10 PA3ILIy 6.5.

Jlnsg npsMOYTONBHBIX CEYEHHH M TaBpPOBHIX CEYEHHH ¢ IOIKOHM, PacIoIoXeHHOHR B CxaTol
30He, 3HaueHHe W, npu ACHCTBHM MOMEHTAa B IUIOCKOCTH OCH CHMMETPHH JOIYCKaeTCHd
onpeznenats 0o Gopmyne (6.92).

7.5 Pacuer MBEPHAHLI PACKPLITHS TPEIIMH, HOPMAJIBHBIX K IIPOJOILHONH 0CH 3JIeMeHTa

7.5.1 Pacuer IUMpWHBI PACKPHITHs TPEUIMH, HOPMAIBHBIX K IIPOJIONBHOM OCH 3JI€MEHTa,
crnenyer npoonuts 1o CIT 63.13330, npuHuMas B pacdeTHBIX 3aBHCHMOCTAX IeOMETpHYECKHE
XapaKTePUCTHKH CeYEeHHsS 3JIeMEHTAa C Y4YeTOM BHEIIHEro apMHPOBAaHHS KOMIIO3UTHBIMH
MaTepHalnaMH.

7.6 Pacuer no nedopmanusm

7.6.1 Pacuer >xene300€TOHEBIX JIEMEHTOB ¢ IMpPEJBAPUTEIBHO HANPSKEHHOR apMmaTtypoit
o nporubam cienyer npoomuthk mo CIT 63.13330 ¢ yyerom yxasanmit pasnena 6.7 HaCTOSINErO
CBOJIA IIPABHIL.

8 KoncTpykTnBHBIE TpeOoBaHAS

8.1 JIna obecneueHnss 0E30MaCHOCTH ¥ 3KCIUIyaTallHOHHOH IIPUrOJHOCTH KOHCTPYKIHH,
YCHICHHBIX BHEIIHMM apMHMpOBAHHMEM M3 KOMIIO3MTHBIX MaTepHalIOB, HEOOXOAMMO BBHIIONHATH
KOHCTPYKTHBHEIE TPeOOBAHMS, H3IOXKEHHBIE B HACTOSINEM pa3feie.

8.2 He momyckaercs mpsMoif KOHTaKT YIJICBOJIOKHA 3JI€MEHTOB YCHICHHS H CTaIBHBIX
JIEMEHTOB JKeNIe300STOHHBIX KOHCTPYKITHIH.

8.3 He nonyckaercs HakjeWBaTh JJIEMEHTHl YCHJICHMS Ha BHYTPCHHHX YIJax (B MecTax
nepecedeHus 6ajokK, CTHIKOB CTCHOK M MOJIOK GaJioK | 1p.).

8.4 Haknelika 3J¢MEHTOB YCHJICHUS Ha OCHOBaHME C TPELIMHAMM IIMPHHOH PacKpBITHA
Honee 0,2 MM He JOTTycKaeTcs.

IpumMedanue — B stoM cysae TpemHHb AOMKHEE OBITh 3AHHLEKTHPOBAHEI B COOTBETCTBHH C
ykazaHuaMu 8.27.

8.5 IlepeceueHne OJIEMEHTOB YCHJECHHS JONMYCKaeTCs TONBKO IpH ~ 0OecIleYeHHH HuX
B3aHMHOTO CLICILICHUS IyTEM CKJICUBAHUA.

8.6 YcTpoiicTBO CHCTEMBl BHENIHETO apMHPOBAHUS M3 MHOTOCIOMHEIX KOMITO3MTHBIX
MaTepHaIoB Ha FOPH3OHTANBHBIX HOBEPXHOCTAX B IPONOTIHHOM ¥ HOMNEPEYHOM HAIPaBICHHUAX
clleNyeT [POM3BOJWTL IIYTEM [IOCNeJOBATENBbHOr0 IIOCIOMHOTO HaK/ICHBAHHUA 3JIEMEHTOB
YCHJICHHA IOOYEPEHHO B ABYX HalpaBlICHUAX.

8.7 IIpu ycrpoiicTBe 060HM U XOMYTOB U3 CETOK, XOJICTOB H APYTHX TKaHBIX MAaTCPHAJIOB B
[IONICPEYHOM HAIpaBJIeHNH U IpH WX 3arube depe3 yriIbl KOHCTPYKIMH Ha yriaXx HeoOXomuMo
BBINOJTHUTE (packy ¢ JUIHHOM KaTeTa He MeHee 20 MM, A0 ranTens ¢ paguycoM He MeHee 20 MM
(pucyHok 11).

8.8 HonycTtumoe 3HaueHHe panuyca 3aruba, Npd Hakielike JNTaMHHATOB HpH YCHJICHHH
KPHBOJMHEHHON HOBEPXHOCTH 3JIEMEHTOB, ClCNyeT NPUHAMATh HO JAHHBIM TPEIANPHATHA-
H3TOTOBHTEN.
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a>2cM R>2cMm

Pucynox 11 - TloaroTopKa yrjaos KOHCTPYKUHR Nepex HaK/JIENBAHHEM CETOK, X0JACTOB H APYrHxX
TKAaHBIX MAaTEPHAJIOB :

89Uucno cnoeB MHOTOCIOHHOTO KOMIIO3UTHOIO MaTepuana CHCTEMBbl  BHEINHETO
apMUPOBAHHS CHIENyeT OTPAHUYMBATh B 3aBHCHMOCTH OT CHJIBI CHEIUICHHS KOMIO3HTHOTO MaTepHaia
C IOBEPXHOCTHIO GETOHHOTO OCHOBAaHUS, PeKkoMeHIyeMoe YMCNO CIOCB CleXyeT MpHHUMATE: UL
JlamuHaTta — He 6oiiee TpeX, Ui CETOK, XOJICTOB M APYTHX TKAHBIX MAaTEPHANOB — He Ooiee IATH.

8.10 Illupury 2IeMEHTOB yCHIECHWS BHEUIHEro [ONEPEYHOr0 apMHUPOBAHUS W r cnenyer

npuHHEMaTh He MeHee 50 MM 1 He Gonee 600 MM, mar HakJIeHKH B CBETY 3JCMCHTOB YCHJICHHA
TIOTIEPEYHOTO aPMUPOBAHHS § r — HE MCHEE W H HE Gonee MEHBINETrO 3HAYEHNS H3: Ay /2 ; 3w 7 -

8.11 MakcumanpHOe pacCTodHHE B CBETYy MEXJAY IJICMCHTaMH YCHIICHHUSA BHCIIHETO
HPOAOJBHOI0 apMHPOBaHHSA u3rubaeMoro jneMeHTa S £ max CJICAYET NPHHHUMATh HE Gomnee

MeHbLIero 3uadeHus us: 0,2L; 5h, rae L — mponet n3ru6aeMoro 2jeMeHTa WK YIBOSHHEIA BBUIET
KOHCOIIH, / — BBICOTa CEYCHHSI U3rHGaeMoro JIeMeHTa.

8.12 PaccTosHue oT kpas 3JNE€MEHTa YCHIECHHA BHELIHETO MPOAOJLHOTO apMHPOBAHMS 10
6oKoBOM rpanK U3rubaeMoro IIEMEHTA Clle/lyeT IPHHUMATH PaBHBIM 3HAYCHMIO 3aIIUTHOTO CIIOS
CTNLHOH apMaTypel YCHIHBAcMOro JIEMEHTa, Ho He Goree 20 Mm.

8.13 Ilpn ycwreHuun pactaHyTO#f 30HBI H3rMbaeMoro sjieMeHTa MEPBBIA CIOM 3NIEMEHTa
YCHJIEHMS B TPOJONEHOM HaNpaBICHHM CJERYET 3aBOAMTE B CXATYI0 30HY (HepaspesHble
EMEHTRI) WIH B 30HY, TA¢ ACHCTBYIOLIME YCHIMS HE NPHBOAAT K 0OOpa3OBAaHHIO TpPEIIUH
(cBOOOHO OmepThie INMEMEHTHI), a KaXIbIA nocneayromuil cnoil cieayer obpesars He Gimxe
150 MM o6pe3a npenpiyiero cnos (pucynox 12).

OneMEHTHl YCHIEHHS JO/DKHBI OBITh 3aBEACHBI 32 HOPMAILHOC K TNPOAONBHOH OCH
YCHJIMBAEMOrO 3JIEMEHTA CEYEHHE, B KOTOPOM MX YYHTBIBAIOT ¢ PaCUCTHEIM COIPOTHBIIEHNEM Ry,
Ha JUTHHY, MM, HE MEHBIIYIO, YEM:

Ly = ==L, 8.1)
4 \/ Rb,n

HO HE MeHee, yeM Ha 100 MM — npu npoyHOCTH OeTOHA OCHOBaHUs Ha cxxatHe Gonee 25 MIla, u
Ha 150 MM — ipy TpouHoCcTH GeToHa Menee 25 MIla.
Tapametpr! popmysl (8.1) — Ge3pasmepHble BETHYHHEL, KPOME YHCIIOBOTO 3HAYEHUS {— B MM.
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a 6
M=0
M=t \

M=M, M=M,
[Wm w
I,J, ]A 2ty o \l,\l, 2 ey
RO 7 [ >
150 150 150 150 150 150

a — cBOOOAHO OnepTEift MEMEHT; 6 — HEPa3pe3HO# ATeMeHT
Pucynok 12 — Y cniienne pacTAHYTOH 30HEI dJleMeHTa

8.14 lns obecrieyeHHss aHKCPOBKHM O3IEMEHTOB YCHIEHUS JOIyCKaeTcs YCTPOHCTBO
JOTIOJIHATETHHBIX MEXaHWYECKUX KPEIUICHUHA CTalbHBIMH IUNIACTHHAMH, 3aBeJCHHE NAaMHHATOB,
XOJICTOB, CETOK M JPYTMX TKAHBIX MAaTE€PHAIOB B Ia3hkl B O€TOHE, YCTPONCTBO XMMHYECKHX
aHKEpOB.

8.15 Ilpu ycuneHMH HOPMANBHBIX CEUCHHH M3 pacyeTa IO M3rubaloliuM MOMEHTaM 30HH,
rae IefcIByIOLas pacueTHas IONepeuHasd cuia npeBpinuaeT 2/3(Q);, KOHIBI 3JIEMEHTOB

YCHJIEHMS B NMPOJIONBHOM HAlPaBICHHH UL NPENOTBPAIICHUA OTCIOCHHS CIEAYET aHKepOBaTh
IPUKIICHBAaHHEM TPEXCTOPOHHHMX XOMYTOB HIHM CIUIOIIHBIM OOEpTHIBAaHMEM B IONEPSYHOM
HaIpaBJICHAH.

8.16 JlmiHy HaXJIECTKH IIpH CPalllMBAHUM DJIEMEHTOB YCHIICHUA IO JUIHHE B IIPOJOIBHOM
HAMpaBJICHUH WM IPH YCTpo#cTBe 00OHM ClefyeT NPUHMMATh IO YKa3aHHAM INpeanpHATHSA-
M3TOTOBUTENIA WIM ONpENeNATh MCIBITaHMAMH. IIpu 3ToM Inpu ycTpoiicTBe obofiM mnuny
HaXJIECTKU PEKOMEHIyeTCs IIPHHUMATh He MeHee, ueM 150 Mm.

Jlnd  OJHOHAIPaBIEHHO apMWMPOBAHHBIX JJIEMEHTOB YCHIECHHs CpallMBaHHE CIEHyeT
IIPOBOAUTH TONBKO B HANPABICHNH apMUPOBAHUA dJIEMEHTA YCHIICHHUS.

HaxnecTku cienyeT pacionaraTh «Bpas0exkKy» ¥ KpoMe TOTO A/ 3JIEMEHTOB YCHNICHHS B
TIPOAOILHOM HalIPaBJIEHUH — B 30HAX ¢ HAMMEHBIIMMH YCHIMAMH B KOMIIO3UTHOM Martepuare.
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HcnpiTanns 06pasHOB € YYacTKOM CTHIKA DJIEMEHTOB YCHIEHHS [0 UIMHE CIERyeT
BeIOIHATE 1o F'OCT 25.601.

JimHa HaxjaecTkH HOMKHA OGECHedHBATH IMPOYHOCTH CEUCHHS 3EMEHTOB YCHIIEHHA CO
CTBIKOM He HIDKE POYHOCTH CeucHuA Ge3 CTHIKA.

8.17 [TonepeuHsie XOMYTHI CHEAYeT HAKIEHBATH NIOBEPX IIPOMOJBHOTO HIIEMEHTA YCHIICHHS.
BepTukanpHbie HOIEpEYHBIE XOMYTHI CJIEAYET BBUIOJHATH M3 IEIBHOTO OTpPE3Ka JIIEMEHTA
ycuieHds (PHCYHOK 13), HaKJIOHHBIE TTONEPEYHBIE XOMYThI — H3 [IBYX OTPE3KOB, CTBIKyEMBIX Ha
HIDKHEH noBepxHOCTH Oanku (pebpa 6amn) (pucynox 14).

8.18 [lpn ycuneHMH HOPMANBHBIX CEUCHHM H3rHOaeMBIX OallOUHBIX KOHCTPYKLHH H
PeOPHCTRIX IUIAT CETKH, XOJCTH U JPYTHe TKAHBIE MATEPUANIEI JUIS YAYYLICHHUS HX aHKEPOBKH U
IPEAOTBPALICHHA OTCIIAMBAHUs 3ALMTHOTO Cos GeToHAa peKOMEeHIyeTCs 3arubarh Ha GOKOBBIE
noBepxHocTy Oanku Ha 100 MM (pucyHok 15).

8.19 CxeMy yCHIICHHS KECTKHX Y3/I0B KOHCTPYKLIHH PEKOMEHIYETCS NPMHUMATD COTJIACHO
PHCYHKY 16.

8.20 TIpu ycmneHmM IUIMT, W3rHOAEMBIX B JIByX HANpaB/CHHAX, BHaYajle ClieayeT
IIPHUKJIEUBATh 3JIEMEHTHI YCHJIEHHSA BONb JUIMHHOM CTOPOHBI IUIHTHI (PHCYHOK 17). DieMeHTHL
YCHIIEHHS CIeAyeT IPHHEMAaTh H3 OJHOHANpPABICHHBIX JIAMHHATOB, CETOK, XOJCTOB M IPYTHX
TKaHBIX MaTepHAJIOB.

8.21 JIna KOHCTpYKUMI, OSKCIUIyaTHPYEMBIX B YCJIOBHAX TIEPEMEHHON BAAXKHOCTH,
3JIEMEHTEl BHEITHEr0 apMHUPOBAHHUS JOJDKHBI OBITH BBHIIOJIHEHB! TakaM oOpa3zoM, 4YTOOBI
ofecrieduTh BO3MOKHOCTh MUIPAI[K IIapOB BJATd B3 Tena Oerona.

8.22 Tpu ycuneHun KOHCTPYKIHMH, IKCIUTYaTHPYEMBIX B YCIOBHAX MMOCTOSHHOMN BJIAXKHOCTH
(BHYTpH IIOMEILCHNUS), JOIYCKAEeTCA HaK/ICHBAHHUE JJAMUHATOB, CETOK, XOJICTOB H JPYTHX TKaHBIX
MaTEpHAaNIOB TI0 BCeH IIOBEPXHOCTH OCHOBAHMS.

ITpu sToM 060HMBI KOJOHH CleXyeT pactosarars He Onmxe 20 MM [0 epeKphITAI.

8.23 IIpu ycuseHMH cxarThlx KOHCTPYKIHH NyTeM YCTpoHCTBa 000M B MOIICPEYHOM
HarpaBJIeHUH 00OMMEI CilelyeT yCTaHaBIHBATh IO BCEi BBICOTE KOHCTPYKIHIA.

O6ofiMbl KOJNIOHH pEKOMEHIYEeTCs YCTPaHBaTh HENPEPHIBHO 0[O BCell ANWHE KOJIOHH
(pucyHoK 184) miu ¢ paspsiBaMH IIo BeicoTe (PUCYHOK 186).

Hanpaenenue
npuxamxu

e T \EZZZZ) ™\ Xouym
Topi

UIOHTIAAbHBLY SACMEN
BHEUIHESO QPMUPOBATIUA

——

Pucynox 13 - Cxema ycTaHOBKH BePTHKAJALHBIX XOMYTOB B 6a/104HBIX KOHCTPYKIHAX
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Pucynok 14 — Cxema yCTaHOBKH HAKJIOHHBIX XOMYTOB B 62/109HbIX KOHCTPYKIIHAX
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Pucynok 15 — Cxema yCTAaHOBKH X0JICTOB, CeTOK H APYTHX TKAHBIX MATEPHAIOB
HAa 6aJI0YHbIE KOHCTPYKIHH
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Pucynox 16 — Cxema aHKEPOBKHY CETOK, XOJICTOB M APYIHX TKAHBIX MATEPHAIOB
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Pucynox 17 — Cxema pacnosiokeHHs 3JIEMEHTOB YCHIIeHAs, U3THGaeMbIX B ABYX
HaNPaBjieHANX NJIHT
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Pucynox 18 — Cnocolsl ycunennsi KoJioHH obofimamu

8.24 OcHoBanMe yCHITHBaEMOM KOHCTPYKIHH JOIDKHO COOTBETCTBOBATH TpeGOBaHHAM IO
IUIOCKOCTHOCTH (HEPORHOCTH IOBEPXHOCTH HE JIOJDKHA NPEBBHIATE 5 MM Ha Gaze 2 M wiu 1 MM
Ha Gaze 0,3 M); He uMeTh HedeKTOB U 3arpA3HEHHMIH,

8.25 OunCTKY IMOBEPXHOCTH OCHOBAHHS CIEAYET MPOBOJUTH HECKOCTPYHHON 00paboTKOM
g 00paboTKON METAUTHYECKHMH LIETKaMH C IOCHeIyIOmeH BBICOKOHAHOPHOH MPOMBIBKOH
Bozo¥ (mox gaBnenueM He MeHee 1,0 MIla).

8.26 [Ipy wHamwymu paspyiieHHs (OTCIOSHHS) 3AMUTHOro cjos OeToHa OOHAXKEHHYIO
apMaTypy CIeAyeT OYMCTHTH OT HpPONYKTOB KOppo3uu, obpaborarh ee mpeobpazoBareiieM
PUKaBUMHBI M IpaiMEpHBIM COCTABOM M IOC/IE 3TOTO BOCCTAHOBHTH 3AIUUTHEIA ciiod OeToHa
PEMOHTHBIMH CMECSIMH.

8.27 Tpewwmuer ¢ packpeiTieM Oonee 0,2 MM cCHeIyeT 3auHBCKTHPOBATH HU3KOBASKHM
COCTaBOM HA OCHOBE OSIOKCHAHBIX CMOJN, TPEIIMHBI C MEHBIOHAM DacKpHITHEM [OIYyCKaeTcs
3aTHPaTh PEMOHTHRIMH CMECSIMH.

8.28 B ciyyae HECOOTBETCTBHMSA IIOBEPXHOCTH OCHOBaHM# TpeGoBaHmsaM 8.24 1o
IUIOCKOCTHOCTH, YYacTKH ITOBEPXHOCTH CHEAYET BBIPOBHATH C HNPHMEHCHHMEM PEMOHTHBIX
cMeceH.

8.29 Menkue nedexTsl (CKOJBI, PAKOBUHBI, YLIYONeHAS 10 5 MM) cielyeT YCTpaHATh C
MpUMEHEHHEM PpEMOHTHBIX cMecelf nub0 COCTaBOB Ha OCHOBE 3IOKCHIHBIX CMON €
HarnosjHuTeNeM (MOJIOTHIM KBApUEBBIM I1€CKOM), KpyNHBIE Ae(eKTHI — C NPHUMEHEHHEM
PEMOHTHBIX CMECEH.

8.30 Ilepen HaHeceHHEM Ha OCHOBAHME MEPBOTO CJIOS aAre3HBa ITOBEPXHOCTH OCHOBAHMS
CIeRyeT NPOLYTE CKATHIM BO3LYXOM.

3anpemaercst HAHOCUTH aAre3KBbl HA 3aMEP3LIME UK MOKpPBIE IOBEPXHOCTH OCHOBAHHUS.
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8.31 YcraHOBKY CHCTEMBI BHEHIHETO apMEPOBaHMS H3 KOMITO3HTHBIX MATEPHANIOB CIACAYET
BBRINIONHATh TIPH TeMIEpaType OKpyxamomeil cpeasl B auamasoHe ot 5 °C po 35°C mpum
TemIreparype GeToHa ocHoBaHus Bbime 5°C U BBIIE TEMIIEPATYpPhl TOYKH pockl Ha 3 °C,

8.32 Ilocne yknajku IOCHEIHETO CAOA 3JEMEHTOB YCHIEHMS Ha HX HOBEPXHOCTh AOJUKEH
GBITH HaHECEH CNOM aare3wBa.

8.33 BpeMs BBUICPXKKH OIS OTBEP)KIOCHHA aAre3UBOB CIICAYeT IPHHAMATH HE MeHee
24 qacop npu Temneparype Belme 20°C m He MeHee 36uacoB IIpHM  TeMImeparype
ot 5 °C no 20 °C.

8.34 AnropuT™ BRIIONHEHMS paboT [0 YCHICHHIO Ml BOCCTAHOBJIEHHUIO XENIe3006 TOHHBIX
KOHCTPYKUMH  BHEIMHMM  apMHpPOBaHHEM U3 KOMIO3HTHBIX  MaTepHaJIOB  MpPUBEICH
B IIpHIOXKEHHH B.
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Ilpunoxenue A

OcHoBHbIe OyKBeHHbIE 0003HaYCHHSA

Yeuius oT BHEIIHAX Harpysox g BO3JeHCTBAMN B I0NIEPEYHOM CEYEHMH 3JIEMEHTa

M — u3rubaronuit MOMEHT;
N — npononsHas cuia;
Q - nomnepeyHas cuia.

Rb,n -
Rb, Rb,.:er -
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Xapax'repncrmm MaTepHaIOB

HOPMATHBHOE COIPOTHBIICHHE OETOHA OCEBOMY COKaTHIO;

pacueTHEIE CONpPOTHBIEHHMS OCTOHA OCEBOMY CXATHIO JUIS  IIPEHETBHBIX
COCTOSTHHH COOTBETCTBEHHO MEPBOI M BTOPOH IpymI;

HOPMATHBHOE COIIPOTHBRIICHHE 6ETOHA OCEBOMY PaCTKCHHIO,

pacyeTHbIE COLPOTHBJICHHS O€TOHAa OCEBOMY PAaCTSDKCHHIO U IPESACIBHBIX
COCTOSIHUH COOTBETCTBEHHO IIEPBOH U BTOPOI rpymil;

pacyeTHbIe COMPOTHUBICHHS CTANLHOM apMaTyphl PacTsDKEHHWIO UL TIPEASITBHBIX
COCTOSIHHI COOTBETCTBEHHO IIEPBOH U BTOPO# IpyIIm;

PacYeTHOE COMPOTHBICHHUE ITONIEPEHHON CTANBHON apMaTyphl PaCTKECHHIO;
pacdeTHOE CONpPOTHBIICHWE CTAILHOM apMaTypsl CXAaTHIO AJIA IpefeNbHBIX
COCTOSIHMY IIEPROH IPYIINBL;

HagaJbHBIH MOIYIIE YIIPYTOCTH GeTOHA MPH CXKAaTHH U PACTAKCHHH;

MORYJIb YIPYTOCTH CTAIBHON apMaTyphl;

IpefesbHBIE OTHOCHTeNbHBle Jedopmanuu OeToHa COOTBETCTBEHHO MpH
PaBHOMEPHOM OCEBOM CXXaTHH H OCEBOM PaCTsDKEHHH;

OTHOCHTENBHBIE JedOpMaliH CTATLHOM apMaTypHI MIPH HANIPSDIKEHHH, PaBHOM Ry;
HOPMATHBHOE M DACYCTHOC 3HAYCHHS MOXYIS YHPYTOCTH KOMIIO3HTHOTO
MaTrepHana;

HOpDMaTHBHOE ¥ pacuyeTHOe CONPOTHUBICHHA PpACTDKCHHIO KOMIIO3HUTHOTO
MaTepuana;

pacyeTHOe 3HaueHHEe COIPOTHBICHHS KOMIIO3WTHOTO MaTepualla PacTAXKEHHIO
IIpY pacyeTe INPOYHOCTH CeYeHNMH, HAKIOHHBIX K IPOJONBHOM OCH 3JIEMEHTA;
pacyeTHOe 3HaueHHE IIPeACTBHBIX OTHOCHTENBHBIX JedopMaruii KOMIIO3HTHOIO
MaTepHaa NPy pacTsHKCHHH.

FEOME’TPH'ICCKHC XapAKTECPHCTHKH

IIEPHHA TIPIMOYTONBHOIO CeueHHs; IMMpHHa pedpa TaBpOBOTO M ABYTaBPOBOIO
CEUEeHHIH;

IIMpYHA TIOJKHM TaBPOBOTO M JIBYTaBPOBOIO CEYEHMH COOTBETCTBEHHO B
PacTAHYTOM U CKATOH 30HAX;

BBICOTA [IPSMOYTOJILHOTO, TABPOBOI'O H JIBYTABPOBOIO CEHCHHIA;

BBICOTa TIIONKM TaBpPOBOTO M JIBYTaBPOBOIO CeYEHHH COOTBEICTBEHHO B
PacTAHYTOM U CKaTOH 30HaX;



Abr -
Ared -
Ired -
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paccTOsSHUE OT paBHOACHCTBYIONIEH YCHIMH B NPONOIBHOH CTAIbHOM apMarype
Jo Gnmokailine rpaHy CEYCHUS,

paboyas BEICOTa CeUeHH, paBHas COOTBETCTBEHHO h—a U h—a',

BBICOTA CXATOM 30HE] OeToHa;

s X
OTHOCHTCIIBHAA BBICOTa CKATOH 30HBI 6C’I‘OHa, paBHadA Z ;

PacCTOSHHE MEXKAY XOMYTaMH, H3MEPEHHOE MO JUTHHE IEMEHTa;

SKCHUEHTPUCHTET TMPOJONBHOH CHIBI N OTHOCHTENIBHO LEHTpa TIKECTH
IPHBEICHHOIO CCYCHHA, ONIPEAEIIAEMBIii C YueToM yKa3aHuii 4.2.6;

pPacCTOsHus OT TOYKH IIPUIIOKEHHA IIPOJOIBHON cribl N 10 paBHOAEHCTBYIOINEH
ycwini B apMaType COOTBETCTBEHHO S U S

TUIOLIAM CEYECHHS MPOJOILHON CTATBHOM apMaTyphl COOTBETCTBEHHO S B S}
IUIOIa/b Bcero 6eTOHa B NONEPEYHOM CEUCHHU;

ILTOIab CEYeHUs OeTOHa C)KaToH 30HEI;

IUIOMAb CEYCHUA OETOHA PaCTAHYTOH 30HHI;

IUIOLIAb IPUBEIEHHOIO CeUEHHS INIEMEHTA;

MOMEHT HHEPLIM NPHBENCHHOIO CEUCHMA 3IEMEHTAa OTHOCHTENBHO €ro LEHTpa
TAKECTH;

TUIOIaIb CEYEHH IIPOJOILHOA apMaTyphl B3 KOMIIO3UTHOrO Marepyana;
TUTIOIIa/lkh CEYEHHUS MOTIEPEYHOr0 XOMYTa H3 KOMITIO3HTHOIO MaTE€pHaa,

MOMEHT COIIPOTHBIICHHA CEYCHHS 1EeMEHTa JUIA KpaltHero pacTsSHyTOro BOJOKHA;
BBICOTA HAKJIEHKM NONEPEYHOro XOMYTa U3 KOMIIO3UTHOTO MarepHaa.
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Hpnaoxenne B

ANropuTM BHINOJHEHHS PAa0OT N0 YCH/IEHHIO HJIM BOCCTAHOBJICHHIO
e1e300e TOHHbIX KOHCTPYKL Ui BHeIIHHM aPMHPOBAHHEM U3 KOMIIO3UTHBIX

MAaTepHaJIOB
-[ MoaroTtoBka NOBEPXHOCTH ]
—E@— YaaneHue paspyueHHoro 6eToHa v 3arpasHeHuli, npuaaxue

LepoXoBaTOCTH MOBEPXHOCTY, CrNaXuBaHue yrios u obecnbiinsaqve

KOHTpOnMb Ka4ecTBa NOBEPXHOCTU: KOT€3UOHHANA NPOYHOCTb, BNAXKHOCTDL
HanUuue HepPOBHOCTEN, TPELLWMH U NPUSHAKOB KOPPO3UY

-—-IMa'repmanb| 417 CUCTEeMbI BHELLIHENO apMUPOBaHU] U3 KOMNO3IUTHbLIX MaTepMaJ'IOBl

TofroToBKa 1 O4UCTKA NOBEPXHOCTV MaTepuanal

3aroToBKa No pasmepy 1 nposepka Hanuus aedexTos|

—{YcuneHue KOMNO3NTHLIMU MaTepranamu|

—— HaHeceHue agreavBa Ha 6eToH|

JlamMuHaTbl —— HaneceHue aareausa Ha namvHaThbl|

- YcTaHoBKa aNEeMEeHTOoB ycunenus |
—ICeTku, xoncTbl u Apyrue TKaHbie MaTepuansi|

1 HaHeceHue rpyHTOBKM UNW Wnakneskn |

—[ HaneceHue CMOnbl HU3KOW BA3KOCTHY (NPaiMepHbIn cnoi)|
——{YcraHoBKka XOfICTOB, CETOK W ApYrUX TkaHbX Matepuanos]
——{TMponuTka maTepnana ycunenns (NOKpbIsalowmui cnoi) |

{KonTpons kauecTea pa6ot (nepea, Bo BpeMs U nocne WX BoinonHexus)|

KauecTBo npumMeHsieMbiX MaTepuanos (CTaHAapTHLIA TECT MaTtepuarnos CNCTEMbI
BHELLHEro apMupoBaHus

Kontponb ycnosuii pabot (npouHocTh 6eToHa, HepoBHOCTY, YCroBus
OKpyXaloLen cpeapt u T.48.)

KOHTpO#b KauecTsa BO Bpems U nocne BbinoniHeHUn paboT (Hanpaenenne
apMUpOBaHUA, NOTMOXEHWE, PA3MEP, HEPOBHOCTU, AAre3ns, Hanuuue NycTor)

LJOTpenouHbie paboTbl (Mo HeobxoauMocTH)|

3awmTa OT BO3AENCTBUS NOBLILUEHHBIX TEMAEPATYP, OTKPLITOrO NNamMeHu,
yNbTPadpruoneToBoro U3ny4YeHus
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VK 624.012.45:678-419.8 OKC 91.080.040

KntoueBble ciioBa: GeTOHHBIE H Kene300€TOHHBIC KOHCTPYKIHH, YCHJICHME, KOMIIO3HUTHEHIE
MaTepyalipl, pacyeThl [0 IPOYHOCTH, [0 00pa3oBaHMIO TpeIUMH H N0 aedopmanmsm,
KOHCTPYKTHBHBIC PEICHUS
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