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Beegenue

Metoauueckoe mocodue pa3paboTaHO B Pa3BUTHE MOJOKeHuM u ykasauuit CIT
63.13330.2012 «CHull 52-01-2003 «beToHHBIE W KEAe300€TOHHBIC KOHCTPYKIIHH.
OcHoBupie  monokenws», CIT  164.1325800.2014 «Ycunenue keae300€TOHHBIX
KOHCTPYKLIUH KOMIIO3UTHBIMY MaTepuaiaMu. [IpaBuna npoekTHpoBaHus».

B mHacrosieM IOKYMEHTE MPUBEICHBI TPEOOBAHMS, COOTBETCTBYIONIME NENSIM
OepepanbHoro 3akona or 30 aekabpa 2009 r. Ne 384-03 TexHWUYECKHid peryiaMeHT O
6€30MacHOCTH 3aHUi W COOPYKeHHit» ¢ yderoM uacth 1 crarem 46 deneparbHOTO
3akoHa ot 27 aexabpsa 2002 r. Ne 184-03 «O TeXHHYECKOM PETYIIMPOBAHHI.

Meroauueckoe nocoOue pa3paboTaHO Ha OCHOBE aHanmm3a W 06oOLIeHHs
TEOPETHYECKHX M  OJKCIEPUMEHTANBHBIX  MCCICAOBaHMH B  0ONacTH  yCHJICHUS
JKENe300€TOHHBIX ~KOHCTPYKLMIT KOMIO3UTHBIMM  MATE€pUAJIaMH, MPOBEACHHBIX B
MOCHEAHNE TOABI UCTIOTHUTEISIMHU, C YYETOM HAKOTUICHHOTO OTBITA.

[ocoOue coaepKUT OCHOBHBIE NPHUHLMIIBI IPOSKTUPOBAHNSA, PEMOHTA U YCHIICHHUS
30aHUM U COOPYKEHHH pa3IMYHOrOo HA3HAYEHWs, IMPOTHO3UPOBAHUA pa3pyLICHUI
YCUJIEHHBIX KOHCTPYKIHH B MPENENbHBIX COCTOSHUSIX.

Ipu cocTaBieHUH MOCOOUS HCIIOIB30BAHEL MaTepUalibl 0TEYECTBEHHBIX HOpM: CI1
63.13330.2012 «CHwuIT 52-01-2003 «beTOHHBIE W IKENE300€TOHHBIE KOHCTPYKIIHH.
Ocuopuele  mojoskenus», CIT  164.1325800.2014 «Ycunenue Keae300€TOHHBIX
KOHCTPYKIIMI KOMIO3UTHBIMU Marepuanamu. [Ipasuna npoextupoBanusy, [ OCT 32943—
2014 «Marepuanbl M CHCTEMbl [/l 3AI[UTHI U PEMOHTA OCTOHHBIX KOHCTPYKIIHH.
TpeGoBanusi K KIEEBBIM COEAMHEHWSIM 3JIEMEHTOB YCWIEHWs KoHcTpykmuity, ['OCT
«MarepHasl ¥ CHCTEMBI UIS 3allUThl 1 PEMOHTA OETOHHBIX KOHCTPYKIHMit. TpeGoBanus K
aHKEPYIOLIMM COCTaBaM M aAr€3MOHHO-CUJIOBBIM KPEILICHUSM 3JICMEHTOB YCUIICHU).

Mertoaudeckoe mocodue pa3padoTaHO aBTOPCKUM KOJIJIEKTHBOM COCTaBeE: I, T. H.,
mpod. A.A. IMunun, k. 1. . M.B. 3aiines, k. 1. 5. JI.B. Kapryzos (3AO «Tpuana-
XOJIUHTY).



1 O0sacTh NpHMEHEHUsI

ITocoOue pacmpocTpaHseTcs Ha HPOSKTUPOBAHUE YCHJICHUS >KEN€300€TOHHBIX
KOHCTPYKUMA 30aHWH U COOPYXKECHWH pa3IdYHOrO HA3HAYECHUS NYTEM YCTPOHCTBA
BHEITHETO apMMPOBAHWS W3 KOMMO3UTHBIX MATEpHAioB Ha OCHOBE YIJIEPOAHBIX,
APaMUIHBIX U CTEKIISHHBIX BOJIOKOH.

ITocobue  CONEP)KMT  PEKOMEHAAIMM  I0  IPOSKTHUPOBAHUIO  YCHUJICHUS
JKEeI1e300€ TOHHBIX KOHCT’pyKLlMﬁ, H3rOTOBJICHHBIX W3 TOKCIOTO W MEJIKO3CPHUCTOIO
0eTOHOB, Ha KOTOpbIe pacnpocTpaHstoTes Tpedopanust CIT 63.13330.2012.

Yeunenne — Kene300€TOHHBIX —~ KOHCTPYKLMH — BHEIIHMM — apMUPOBAHUEM
TPOM3BOAUTCS B CIy4asX:

- Hammuus Oe(eKTOB M MOBPEKICHMM KOHCTPYKIMI (HampuMmep, BCIEACTBUE
CHUJIOBBIX, KOPPO3HOHHBIX, TEMICPATYPHBIX WIM HUHBIX BO3ACHCTBHI, B TOM 4HCIE
HEPaBHOMEPHBIX ~ IIPOCaAOK  (PYHAAMEHTOB), KOTOPHIE CHIDKAKOT — NPOYHOCTHBIE,
nIe(hOpMalIOHHbIE XAPAKTEPUCTUKA KOHCTPYKIMH ¥ YXYAMAOT SKCIUTyaTaoOHHOEe
COCTOSHHE 3JaHUS WIKA COOPY>KEHUS B LIEIIOM;

- YBENWYEHHUs SKCIUIyaTAMOHHBIX HArPy30K M BO3AECHCTBMH Ha KOHCTPYKLHUM
3aHUI U COOPYIKEHHIA,

- PEKOHCTPYKIMH 3AaHUH U COOPYXKEHUI JaxKe B CIyYasx, HE CONPOBOMIAKOMIUXCS
VBEMICHUIEM HATPY30K;

- BBIABJICHHA OTCTy]'[J'leHI/Iﬁ OT IMPOECKTa, CHIKAIIINX HECYIMYIO CocoOHOCTh B
SKCIUTyaTallMOHHBIE Ka9ecTBa KOHCTPYKIMIA;

-  u3MeHeHMs (YHKIMOHAIBHOTO HA3HAYEHUs 3JaHUHA U COOPY>KCHHIA.



2 HopmaTHBHBIE CCBLIKH

I'OCT 27.301-95 HanexxHocTh B TexHHKe. Pacuer HagexHocTH. OCHOBHBIC
HOJIOKEHHUS.

T'OCT 5382-91 LlemeHTHI W MaTepHajbl LEMEHTHOTO MPOM3BOACTBA. METOIBI
XHUMHYECKOTO aHATN3A.

I'OCT 9550-81 ITnactmaccel. MeToAbl ONPEAENEHUS MOAYNIS YIPYrOCTH IpH
PacTsHKEHUU, CYKATUN U U3rHOe.

I'OCT 12423-2013 (ISO 291:2008) ITnactmMacchl. YCIOBHsS KOHAWIHOHWPOBAHUS
W MCIbITaHus 00pa3uoB (mpod).

I'OCT 14759-69 Kneu. Meros onpe/iefieHus IPOYHOCTH IIPU CIBUTE.

I'OCT 15173-70 IInactmaccel. MeTon ompedeneHusi cpeaHero kKoddduimeHTa
JIMHEHHOTO TEIIOBOIO PACLIUPEHUSL.

T'OCT 18616-80 [Inactmaccel. MeToa onpeneeHus yCaaku.

IroCT 27271-2014 (ISO 9514:2005) Marepuaibl JIAKOKpacouHble. MeTox
OMpPEAENEHHS )KU3HECTOCOOHOCTH MHOTOKOMITOHEHTHBIX CHCTEM.

T'OCT 27751-2014 HapeXHOCTh CTPOMTENBHBIX KOHCTPYKIHM H OCHOBaHHIA.
OCHOBHEIE MOJIOXKEHUS IO PacyeTy.

T"OCT 28780-90 Kiien nonumephbie. TEpMHHBI H OTIPEAETCHHS.

T'OCT 30535-97 Knen nonumepHsie. HoMeHKIaTypa nmokasaresnei.

T'OCT 32618.2-2014 (ISO 11359-2:1999) IInactmaccel. TepMOMeXaHUYECKHA
anammz (TMA). Yacte 2. Ompenenenne ko3hduuueHTra JHHEHHOTO TEMIOBOTO
pacIIMpPEHUs ¥ TEMIIEPATYPHI CTEKJIOBAHMS.

T'OCT 32943-2014 Marepuanbl 1 CUCTEMBI JJIs 3aLIMTHl U PEMOHTAa OETOHHBIX
KOHCTpYKUUi. TpeOOBaHUSA K KJIEEBBIM COEAMHEHHSM SJIEMEHTOB YCUJICHUS KOHCTPYKLMHA.

CIT 15.13330.2012 «CHuII 11-22-81 AxryanusupoBaHHas pegakuus. Kamennsie u
apMOKaMEHHBIC KOHCTPYKIIH.

CIT 16.13330.2011 «CHuII I1-23-81* AxryanuzupoBaHHas penakuus. CTaibHbIE
KOHCTPYKIIIIY.

CIT 20.13330.2016 «CHuIl 2.01.07-85* AkTyanu3upoBaHHas peJaKLHus.

Harpysku u Bo3aelcTBASY.



CIT 63.13330.2012 «CHulIl 52-01-2003 AKTyanu3supoBaHHas peOaKIUs.
BeronHBle U Kene300eTOHHBIE KOHCTPYKIMH. OCHOBHBIE MOJOKEHHUS.

CIT 64.13330.2011 «CHuII II-25-80 AxTyanusupoBaHHas pefakiys. JlepeBsHHbIE
KOHCTPYKLIUM».

CIT 91.13330.2012 «CHuII 11-94-80 AxtyanusupoBaHHas peaaknus. IloazeMHbIe
TOPHBIE BEIPAOOTKHY.

CIT 102.13330.2012 «CHwuIT 2.06.09-84 AxktyanuzupoBaHHas penakums. TyHHETH
TUJPOTEXHUYECKHEY.

CIT 120.13330.2012 «CHuIl 32-02-2003 AkxTyanu3upoBaHHAs peJaKius.
MeTpononuTeHs.

CIT 122.13330.2012 «CHull 32-04-97 AxtyanmsupoBaHHas pedakuus. ToHHemN
JKETE3HOAOPOKHBIE U aBTOAOPOKHBIEY .

CIT 128.13330.2016 «CHwull 2.03.06-85 AkTyanu3upoBaHHas peJaKius.

AJTIOMHHHEBEIC KOHCTPYKIIHHY .



3 OcHOBHBIE NOJI0KEHHUS] YCUICHHUSI 2Kej1e300eTOHHBIX KOHCTPYKIHif
3.1 Crioco6b1 ycuieHUusi KOHCTPYKIMii

Ilon ycuneHueM  CTPOMTENBHOH  KOHCTPYKUMHM  TMOHMMAcTCAd  KOMIIIEKC
MEPONPHATHI, HANpaBICHHBIX HA MOBBIIIECHUE €€ HECYIIEH CIOCOOHOCTH, JKECTKOCTH,
TPEILMHOCTOMKOCTH M JPYruX ()M3MYECKUX KauecTB, HEOOXOIHMMBIX TO VCIOBHAM €€
JaTbHEAIIEH SKCIUTyaTalluu.

IToTpeOHOCTD B YCHJICHMH CTPOHTEIBHBIX KOHCTPYKIHMI MOXET OBITh BBI3BaHA
CJICAYIOIMMYI OCHOBHBIMH (haKTOpaMu:

- YBCIUYCHUEM PacCYCTHBIX Harpysok Ha KOHCTPYKIMNIO, BbI3BAaHHBIM
MO/JIEPHM3ALMEH TEXHONIOTHY IIPOU3BO/ICTBA, U3MEHEHHEM (PYHKIMOHANIBHOTO HAa3HAYCHUS
HOMGLL[CHI/Iﬁ 3AaHud WM HWHXCHCPHOIO COOPYIXKCHHUA, YBCIMYCHUCM ]TpOl'IYCKHOﬁ
CIIOCOOHOCTH, a, CIICIOBATENILHO, M IIOJBIDKHOH BPEMEHHOH Harpys3ku, Hampumep, Ha
MOCTOBYIO KOHCTPYKLHIO;

- morepell Hecymeidl cnoCOOHOCTM KOHCTPYKIMM HIM €€ 3KCIUTYyaTalMOHHBIX
KauecTB BCICACTBHE aBapuu, (U3UYECKOTO WU3HOCA, KOPPO3HMHM AapMaTypsl IH
arpecCUBHOIO BO3ACHCTBYSI BHEITHEH CPEIEL;

- U3MeHEeHHeM ral0apuToB 3[aHWil W COOPY)XCHWH, BHYTPEHHUX IOMEIICHMIA,
MPOJIETOB, BBICOT, IIAra KOJOHH U T. 1.}

- HeoOXOMUMOCTBIO  YBENWUCHHS HECYIelf CHOCOOHOCTH  KOHCTPYKLHUH
JAOTIOTHUTEIIBHBIM ~ apMUAPOBAHUCM  BCJIICICTBUC onmOoK npu €€ MNpPOCKTHPOBAHNH,
W3rOTOBJICHUN, TPAHCIIOPTUPOBKE, MOHTAXKE U SKCIUTyaTalllHy;

- BBIABJICHUCM IIpH OGCHGI[OBaHI/H/I U JHArHOCTHKE HCGJ‘[al"Ol'IpI/IS[THle Ka4yeCTB
MaTepualoB KOHCTPYKIMH WJIM HW3MEHEHMEM €€ PAacyeTHOH CXEeMbl M YCIIOBUIA
OKCIUTyaTaluu 1o CPaBHCHUIO C TPOCKTHBIMH

- O0COOBIMH YCIOBHSMM OKCIUTyaTalMU: CEHCMHYECKHE M  TEXHOICHHBIC
BO3JIEUCTBHS (3EMIIETPSACEHMS, IOXKAPHI, KAaTacTPOQBI, B3PHIBBL H T. 1.).

Kak crneayer M3 HepeurciiCHHbIX Bbille (PAaKTOPOB, B OOJBIIMHCTBE CIYyYacB
yCHJICHHE KOHCTPYKLUM CONpPOBOXKAACTCSA €€ TPEeABapUTEILHBIM PEMOHTOM. OCHOBHBIE

CIoco0bl  YCHIICHNS CTPOHMTENBHBIX KOHCTPYKIHI NOCTAaTOYHO IOAPOOHO ONHCAHHEI B



HAy4YHO-TEXHHYECKOH  JUTEpaType [1-5]. PaccMoTpuM  kparko — HauOonee
PaCMpOCTPAaHEHHBIE B MUPOBOHM IPAKTUKE CIIOCOObl YCUJICHUS: YBEIMYCHHE IUIOLIAIH
MONEPEYHOr0 CECYEHMs, TPHUMEHEHHE MNOIUMEPOSTOHHBIX KOMIIO3HTHBIX MaTEPUANIOB,
IpeBapUTeNbHOE HANMpPOKCHWE HAPYXHBIMH —OPSAOIMH, YCTAHOBKA AyOIMpPYIONMX
JJIEMEHTOB, U3MEHEHUE PACUETHBIX M FEOMETPUUECKUX CXEM KOHCTPYKLMH W YCTaHOBKA
CTaNbHBIX IUIACTHH, UMEIOLIMX CLEIUICHUE ¢ GETOHOM.

VBenMYeHHE TIOM@AAW TIONMEPEYHOr0 CEUeHHs SKee300€TOHHOrO 3JIEMEHTA
SBJISETCA OJHUM M3 CTApeiLIMX METOAOB YCHJIECHHS CTPOMTENBHBIX KOHCTpyKUuid. CyTh
€r0 3aKIIOYaeTCs B MPHCOCAWHEHWH JOTOIHUTEIBHOTO KOMHYECTBA HKENE300€TOHA K
HECYIIEMY DJIEMEHTY KOHCTPYKIMH, YK€ Haxonsuieiics B dKcmnyatarud. JloOaBneHHbli
MaTeprall JOJDKEH MMeTh TpeOyeMoe CIEIUIEHHE CO CTaphiM OEeTOHOM is oOpa3oBaHus
€IMHON Hecylled cucTeMbl. sl yBEJNMYECHHS CEYECHHS KOHCTPYKIHMH HA HEOONBIIYIO
TOJILIMHY HCIOJB3YETCA CIENUAIbHBIA CTPOMTENBHBI pPAacTBOp WM TOPKPETOETOH,
KOTOpbI€ HAHOCAT Ha YCWJIMBAEMYIO TMOBEPXHOCTh BPYUHYIO WJIH METOAOM HalOpbi3ra.
HauGonee mUpOKOoe IPUMEHEHUE JaHHBIA CIOcOo0 Hallen B TEIUIOSHEPrETUKE,
THAPOIHEPreTHKE, a TAKXKE TPAHCIOPTHOM CTPOUTENIECTBE TIPH BOCCTAHOBUTENBHOM
PEMOHTE U YCUIECHWU IIUT JOPOXKHOTO MOKPHITHS MOCTOB. [IpuyueM OLIyTHMas BHIr0oJa OT
VBEJIUUECHUS. BBICOTHI CEYCHMS IPH YKIAJKEe MOBEPX UMEIOIICHCA IUIMTHL JOPO>KHOTO
MOJIOTHA AOMOMHUTENBHOTO CII0S H3HOCA BO3MOXKHA TOJIBKO B CITy4ae COBMECTHOH paboThl
3TUX CJIOEB KaK EAMHOrO LENOr0 BIUIOTH A0 HOCTIDKCHHS IPEACNIBHOIO COCTOSHUS.
Xopoliee CLEMIEHUE MEXIY CIOSMH MO3BONAET BOCHPHMHUMATEH CABUTAIOIINE HATPY3KU
MEK/ly HUMHU B TCYEHUE 33IaHHOT0 CPOKa CITYXKOBL.

Mertoa yBeNnMUYEHHs TUIOMAAM MONEPEYHOTO CEUYEHHS SJIEMEHTA OTHOCHUTENBHO
OpOCT M JKOHOMMYeH. Kpome 3Toro, oH B Ji0OOOM CIydae TOBBIIAET JKECTKOCTD
YCUMBAaEMON KOHCTPYKLIMH M, CIEAOBATENBHO, CHIXKAET TMOKOCTD, YTO IS CXKATHIX U
CKaTO-M30THYTHIX DJIEMEHTOB HMEET HEMAJIOBLKHOE 3HAauYeHHe. HemocTaTtkoM 3TOro
MeToJa SBJAETCS COXPAHSIOMA’ICS BO3MOXHOCTh JaJbHEHIICH KOPPO3UM apMarypsl W
paspymennsa OeroHa. Crapblii 1 HOBBIH GETOHBI OONAJAIOT PA3IMIHBIMHA CBOMCTBAMH, B
TOM 4Hcie Ae(QOpMaIMOHHBIMH XapaKTEepUCTHKaMH (B HOBOM O€TOHE NPOTCKAIOT
MPOLIECCH MOJN3YYECTH M yCaakH). B ycIOBUAX OrpaHuyeHus cBoOOAb AchopMmanuii 3To
BBI3bIBACT JOMOJIHUTEIILHBIEC PACTATUBAIOIINE HANPSKEHUS, TPUBOIAIIKE K 0OPa30BaHHIO
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U pa3dBUTHIO TPCIUUH B HOBOM OeToHE. I_[aHHOC 00CTOATCIIECTBO MOJKET OPUBECTH K
OTCIIOCHAIO HOBOTO GETOHA OT CYIIECTBYIOMEH KOHCTPYKITIH.

Ycunenue CTPOUTEIIBHBIX KOHCprK[[I/Iﬁ l'lOJTI/IMep6eTOHHLIMI/I KOMITO3UTHbIMH
MarepualaMi, B CYIIHOCTH, TaK’KC OCHOBAHO HA YBEJIMYCHHU IUIOIIAAU IONEPEYHOTO
CeueHHus dIeMeHTa. Brnepsble 3TOT cnoco0 Obl1 mpuMeHeH B 1953 r. ang ycuneHus
noposkHoro nonotHa B r. Cakpamento (Kamudophus). [TonumepOeTOHHBIE KOMIIO3UTHBIE
MaTepHaibl MOKHO KITaCCH(UIMPOBATH CIEAYIOIWNM 00pa3oM:

- MOMMMEPLEMEHTHbIM OETOH, M3rOTABIMBACMBI MyTeM A00ABICHUS MOIUMEPOB
WM MOHOMEpPA B IIEMCHT B TTPOTICCCE ICPEMETITABAHMSA

- OeToOHONOJNMMEP, W3rOTABJIMBACMBIA IyTEM OPONUTKM [OJMMEPOM HJIH
MOHOMEPOM 3aTBEP/CBIIEr0 OETOHA HA OCHOBE LIEMEHTA,

- NOJIMMEPOETOH, M3rOTABJIMBACMbIH IyTEM CMEIIMBAHUS MOJJMMEPHON CMOJIbI I
MOHOMEPA, BHIIOJHAOIUX (PYHKIUK BSDKYILETO, C 3al0JIHUTEIEM.

HOJ'II/IMep6CTOHHH€ KOMITIO3UTHBIC MAaTCpruajibl MHUPOKO TMNPUMCHAKOTCA  IJIsd
PEMOHTA U YCUIICHNS JKeN1€300€ TOHHBIX KOHCTPYKIHA, 0COOCHHO B YCIIOBUSIX arPECCUBHOM
BHEIIHEeH cpempl. DT0 OOBACHAETCS MX CPABHUTENBHO BBICOKOW MPOYHOCTHIO, HHU3KOH
MPOHULIAEMOCTBI0, U3HOCTOMKOCTBIO M CTOMKOCTBIO K BO3JEHCTBHIO MHOTMX XHMMHUYECKHUX
BemecTB. K HemocTaTkaM OTMMepOSTOHHBIX KOMIIO3UTHEIX MAaTE€PHAIOB MOKHO OTHECTH:
HU3KYI0O OTHECTOMKOCTb, W3MECHEHHWE CBOMCTB MpU BO3ACHCTBHHM YyIAbTPaUOIETOBOrO
W3MyYEeHNs, BO3MOXKHOE TPEIMMHOOOpa3oBaHME TPH M3IMEHCHHH 00BEMa B YCIOBHAX
orpaHHueHHs cBOOOB! AchopMarmil. PU3NKO-MEXaHUUECKHE CBOICTBA STUX MaTepHasioB
MOABEP>KEHBl BIMSIHUIO TEMIIEPATYPHBEIM KojieOaHusM. IIpy BEICOKUX TeMIepaTypax OHU
Pa3BUBAIOT 3HAUMTEIBHEIC TC(hOPMAITHH MON3YICCTH.

ITpenBapuTEIEHOE HANPSDKEHUE HAPY KHBIMHU MIPSAIAMHI apPMATyPhl HCIOIb30BATIOCH
B CTpPOMTENBHOM mpakTWke yxke B 1950-x rr. B Hactosmee BpeMsi OHO IIHPOKO
TOPUMEHSETCST JUT  YCHJICHUS JKeIe300€TOHHBIX KOHCTpykumii B Pocemm, CIIIA,
IlBeiimapun, SAmonuu u Apyrux crpaHax. OcoOeHHO 3(QEKTHBHO TPUMEHEHUE
TPEABAPUTEIIEHOTO HANPAKCHNS HAPY)XHBIMU HPASIMU Ui YMCHBIICHUSA HEAOITY CTUMBIX
TpOTHO0B KOHCTPYKIHH.

JlauHblii cnoco® ycuieHus MOXET NPUMEHATHCS KaK Ha BHYTPEHHEN MOBEPXHOCTH
GOk KOpoOYaTOro CEYeHWs, TaK U HA BHENIHCH pAaCTSIHYTOH CTOPOHE ABYTaBPOBBIX
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6alOk MOCTOBBIX KOHCTPYKIHIL, OH TOBBIIAET HECYLIYIO CIOCOOHOCTH KOHCTPYKLHM U
MIPENSTCTBYET TPELMHOOOPa30BaHMIO.

K mocromHcTBaM cmocoba  YCHICHUS NPEABAPUTCIBHBIM  HANPSDKEHHEM
HAPY>KHBIMHU NMPAIIMH MO>KHO OTHECTH:

- TIPOCTYIO TEXHOJIOTHIO IIPOU3BOACTBA PaldoT;

- BO3MOXXHOCTh 3aMEHBI HANpAracMbIX IIy4KOB WU NIpsAaeii B 060H MOMEHT
BPEMEHH,

- BO3MOXXHOCTbH MOCJIEAYIOLIEr0 MOHUTOPHHTA YCAIEHHOW KOHCTPYKIIMH B TEUECHUE
BCETO NEPHO/a SKCILTyaTalliK ¢ MOMOMLIBIO HEPA3PYIIAOIUX METON0B KOHTPOJLA.

K Henmocratkam crocoda ciefyeT OTHECTH:

- KOPPO3MIO METAIIA HAPY>KHBIX MIPSLIEH;

- HU3KYIO OTHECTOHKOCTD,

- HE3AIMIIEHHOCTD OT aKTOB BAHIAA3MA.

3ammra NpeABapUTEIBbHO HAMPSKEHHBIX HAPY)XKHBIX NPAACH OT arpecCHBHOIO
BO3IEUCTBHS BHEIIHEH Cpe/bl U OTHS OOBIYHO OCYLIECTBIISETCS HAHECCHUEM 3aILUTHOM
000JI0UKH U3 TOPKPETOETOHA.

CyTb ycunieHusl CTPOWTENbHBIX KOHCTPYKIMH IIOCTAHOBKOH myOIUpYOMMX
JJIEMEHTOB 3aKIIOYAE€TCI B MX YCTAHOBKE PAJIOM WIH B IPOMEKYTKE MEXILY
CYIIECTBYIOLIMMH KOHCTPYKLUHAMH. J[yOnupyromue 3J1€MEHThl PasrPy:KaloT HECYLIME H
BOCIIPUHMMAIOT BCIO WJIH 4YacTh pacueTHoii Harpysku. Ilpu 3ToM HeoOxoaumo
TIPEIyCMOTPETh MEPONPHSATHA MO BKITFOYEHUIO MX B PabOTy COBMECTHO C YCHIIMBAEMOM
KOHCTpyKuue#. OOBMHO 3TO JOCTHIaeTCid YCTAHOBKOH OMONHHTENBHBIX CBA3CH WIH
MOJIOMKPaYNBaHAEM IUIHT MEPEKPBITHA € 3aBEICHHEM B 3a30pbl MEKAY IUIMTAMH H
OyONMUpPYIOMMMH DJIEMEHTaMH KJIMHOBBIX TPOKJIAJO0K, 4YEpPe3 KOTOpPBIE MOCIE CHATHS
JOMKpPATOB MEPENANOTCA HATPY3KM OT TUIMT TNEPEKPHITUA. JIOCTOMHCTBAMH JAHHOIO
cnocoba ycuiaeHHs SBIAIOTCA €T0 MPOCTOTa M BKJIOYEHUE B PabOTy HEMOCPEACTBEHHO
nocye BhimosHeHnsT pabot. HemocraTtkoMm siBIseTCs OrpaHNYcHHas 00IacTh IPUMEHEHHUS
JUTST CTPOMTENBbHBIX KOHCTPYKUMU ¢ HamuuueM OOJBLIOr0 KOJIUYECTBA HHKEHEPHBIX
KOMMYHUKAIUHA.

W3MeHeHre pPacyeTHBIX CXEM KOHCTPYKIUil OOBIYHO HCHONB3YETCS UL

IPEBpAILICHNA OJTHOMPOJICTHRIX CXEM B MHOTOIIPOJICTHBIC. Tak, p4aa OOHOMPOJICTHBIX
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MOAKPAHOBEIX OAlOK MOXKHO COSAHHHTH HA OMOpax HakKJIaJKaMU W CO3/aTh HEPa3pe3Hbie
GaJku, pacyeTHBIC YCHIIMS B KOTOPHIX OT TEX K€ KPAHOBBIX HArpy30K OyAyT MEHBIIE Ha
30 — 40%. 3tor cnocod menecoobpa3HO TMPAMEHSTH MpPH 3aMEHe KpaHOB Ha Oolee
MOIIHbIE ¥ HEJOCTATOUHOMN HecyIeli CIIOCOOHOCTH OAHONPOIETHIX TTOAKPAHOBBIX OaJIOK.

Cnoco6 ycuieHHs >KeNne300€TOHHBIX KOHCTPYKIMHA C MOMOLIBIO CTaIbHBIX
IUTACTHH, WMEIONMX CIemieHne ¢ OeToHoM, Obll paspaboraH B Hagane 1960-x rr. B
Iepmannu wn IlBeiirapun. CranbHele TUIACTHHBI MHPUKPEINIAIOTCA K OETOHHOM
HOBEPXHOCTH C ITTOMOIINBIO SMOKCHIHOTO KJIEAIIET0 COCTaBa, 3a CYET YEro CO3AAcTCs
TPEXKOMIIOHEHTHAS CHCTeMa «OETOH — KIIESINHA COCTaB — CTAIbHAS TMITaCTHHAY.

CranmbHBIC TIUTACTHHBI, IPHKIICHBAEMBIE K DPACTIHYTOH IPaHH JKEIE€300€TOHHBIX
JNIEMEHTOB, YBEIMYUBAIOT UX COINPOTUBICHAE H3THOY U MOBBIIIAIOT H3THOHYIO )KECTKOCTh
6aJIoK, 9TO TTPUBOIUT K YMEHBIICHUIO TPOru00B. D(P(HEeKTHBHOCTD YCUNEHHUS CTAIBHBIMU
IITIACTHHAMH METOJ0M IMPUKIICHBAHNS 3aBHCHUT OT COOMIOCHHSA TPEX BAKHBIX YCIIOBHI:

- CK/ICWBAeMBIE MOBEPXHOCTH [O/DKHBI HAXOAUTBCA B YHCTOM, XOPOIIO
HOATOTOBICHHOM, POBHOM COCTOSHUM;

- KJIedmuit cocTaR AOMKEH 00najgaTh Kak MHHAMYM TakKOH jk€ MPOYHOCTHIO Ha
pacTSDKCHHE M CHBHI, Kak U OETOH (BO3MOJXKHOE Pa3pyLICHHE KOHCTPYKIMH JOMKHO
IIPOUCXOMUTE IO OETOHY) M OBITh MIPUTOAHBIM K 3KCIUIyaTaluH B NMPeoOaaJarolux It
JaHHOTO 00BEKTa YCIIOBHI OKPYKarOIIeH Cpepr;

- JUI TIPENOTBPAIIECHHUS XPYNKOTO Pa3pyIICHHS IDTACTHHBI U €€ OTCJIOCHHS OT
YCHIMBAEeMO# KOHCTPYKIMH TUIACTHHEI TOJDKHE! OBITH TOHKAMH ¥ JUTHHHBIMH.

JUTS yCUNIeHHS UCTIONB3YIOTCS INTACTHHEI W3 HU3KOYTTIEPOJUCTOl CTalM, XOTA 10
CBOMM CBOWCTBAM OHa IIOJBEP)KCHA KOPPO3WH. JTO OOCTOATENBCTBO TpedyeT
JOTIOJIHUTEMBHOTO IKCILTYaTAllHOHHOTO YX04a U TEKYLIEr0 PEMOHTA KOHCTPYKIUH.

o mpuHOMIY AEHCTBHS YCHIICHHE CTATFHBIMA INTACTHHAMH CXOXKE C VCHIICHHCM
JKEE300€TOHHBIX ~ KOHCTPYKIMIT ~ KOMIO3UTHBIMH  MaTepHAlaMH{, MHO3TOMYy KX
CPABHHTENBHBIC JOCTOMHCTBA U HEIOCTATKH OYAYT PACCMOTPEHEI HIDKE.

B xoHnre 1980-x rT. B MHPOBOM NPAKTHKE IIMPOKOE PACIPOCTPAHCHUE MOJIYYHII
CT10c00 YCUIIEHNS CTPOUTENBHBIX KOHCTPYKIMY BHEITHAM apMHPOBAHUEM C IPIMEHEHHEM
DOMMMEPHBIX KOMIO3UTHBIX MAaTepHajJoB HAa OCHOBE YIJIEPOJHBIX, apPaMHAHBIX,

MOMM3(QHUPHBIX M CTEKIOBOJIOKOH.  YCWIEHWE  CTPOMTENBHBIX  KOHCTPYKIWMit
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KOMIO3UTHBIMU MaTepUajiaMy 3aKITIOUacTCs B MPUKJICHBAHWH TIOCIIEMHAX HA CTELMATBHO
MOATOTOBIICHHYIO IOBEPXHOCTh KEJIE300C€TOHHBIX KOHCTPYKLME, 4YTO MNpUAACT MM
HEOOXOMMMYIO TPOYHOCTh MpaKTHYCCKH 0e3 yBenuueHHs Beca KOHCTpyKimil, Kak
CIPaBEUIUBO 3aMedeHO B [1] npu pa3paboTke mo0OTO YCHJIEHMS! SKCILTYaTHUPYIOIIXCS
HHXEHEPHBIX KOHCTPYKLIUH NPUXOAUTCS CTAJIKHBATELCS c TPYAHOCTAMM,
OTCYTCTBYIOLIMMH [PH  HOBOM  CTPOMTENLCTBE.  HEJOCTATOYHO  paspaboTaHa
UHCTPYKTHBHO-HOPMATHBHAsl JOKYMEHTAILHS 10 IPOSKTHPOBAHUIO W IPOM3BOJICTBY paboT
II0 YCUWICHUIO, YCUJIMBATh NPAXOJUATCA KOHCTPYKIIHHA, (bmnko—mexamqecme CBOICTBA U
TUIOPA3MEPBl  KOTOPBIX MOTYT OTJAMYATHCA OT TPHMEHSIEMBIX B HACTOSIIEES BPEMS,

CTCCHCHHOCTD BbIIIOJIHCHHA pa60T O YCHJIICHHIO.

B o0mem Buae OIOK-cXeMa KOMIUIEKCHOTO BEIOJIHEHHS pa60T 0 THArHoOCTHKC,

PEMOHTY U TI0 YCHIICHHIO XKeJIe3006TORHBIX KOHCTPYKLIMIA NPEACTaBIeHa Ha pUCYHKeE 1.

KitoueBbiM MyHKTOM OJIOK-CXEMBI SBJIACTCS TPHHATHE PEUICHAS 00 YCHICHHH
KOHCTPYKIMI HAa OCHOBAaHMM  JCTAIBHOTO  HH)KCHCPHOTO  AQHANM3A  TEKYLIETO
JKCIUTYaTALMOHHOrO  COCTOSIHMSL ~ KOHCTPYKIMH. Ha 3TOM  3Tame  HHXCHEpY-
IPOEKTUPOBIIMKY HEOOXOINMO OTBETHTh HA CJICAYIOIINE OCHOBHBIC BOTIPOCHL:

JleiCTBATENBHO TN TPOU30IUIO 3HAYMTENFHOE CHIDKEHHE HECYIIEH crnocoOHOCTH
KOHCTPYKIHH BCJIEICTBUHE KOPPO3HH apMaTyphl M ASCTPYKLMU OeToHA?

IpeamonaraeTcst M CYLIECTBEHHOE YBEIMYCHHE HATPY3KH HA CYILECTBYHOLIYIO
CTPOHTENIBHYIO KOHCTPYKIHIO?

KakoB BO3pacT CTPOHMTENBHOM KOHCTPYKIIMM W HMMEET JIi OHA HMCTOPHYECKYIO

LIEHHOCTH?

KakoB ocTarouHblii CpPOK CHy>kObl KOHCTPYKLIM H IIPEINOJIAraeTcs JIH €ro
YBEIUYEHUE TIOCIIC PEMOHTA U YCHIICHUS?

KakoBbl OyyT 3aTpaThl HA PEMOHT M YCHJIEHHE KOHCTPYKLUH MO CPABHEHHIO C €€
MOJIHON 3aMEHO B U3MEHSIOMINXCS YCIOBUX DKCIUTyaTamn’?

Bo3MOokHO 1M MPUMEHEHHME APYTUX TEXHWYECKMX PELICHUH Mo 00eCIeYeHUI0

IKCILTYaTAMOHHOM HAaIEKHOCTU CTPOMTENBLHOM KOHCTPYKLIAK?
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Pucynok 1 — briok-cxemMa mpUHSATHS PEIICHUS] O PEMOHTE M YCUJICHUH KeJIe300€TOHHOM

KOHCTPYKIIMHA

OCHOBHBIMU (haKTOpaMH, BIMSIOUIMMH Ha TMPHHATHE PEUICHUS 00 YCUJICHWH,
SIBJITFOTCS. TIPUYWHBI W CTENICHh KOPPO3UOHHOTO MOBPEXK/ICHUS MaTepraia KOHCTPYKIIUH,
BHISBJICHHBIE B TIpOlleCcCe €€ 00CneNoBaHMS W JUMArHOCTHKM, paclpeneieHue 3THX
TIOBPEXKACHUI 10 00bEMY KOHCTPYKIMM;, Pa3paboTKa MEPBOOYEPEAHBIX MEP MO 3aIUTE U
JICUCHHIO DJIEMEHTOB CTPOUTEIBHOM KOHCTPYKIIUM C MENBI0 MOCICIYIOMIETO MPOBEACHHS
paboT 10 €€ YCUIICHHUIO.

Bce pelieHuss Mo peMOHTY W YCHJICHHIO KOHCTPYKIMI B KaKIOM KOHKPETHOM
ClTydae SIBJISIFOTCS MHIMBUAYAIBHBIMU, B UMEIOT CBOKO crienu(puKy. OIHAKO CYILECTBYIOT
1 o0mmue, 0OBIYHO MCIOJTB3YEMbIE PEKOMEHIAIUN TI0 PEMOHTY M yCHJIEHHI0. Tak, peMOHT
OOBIYHO BKJIIOYAET WHBEKTUPOBAHUE TPEIMH B OCTOHE, OYHUCTKY IOBPEXKIECHHBIX

YYaCTKOB KOHCTPYKLIMH, 3allUTy apMaTypPHOTO KapKaca, HAHECCHUE TpaiiMepa Ha OCTOH M
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apMartypy, HaHeCceHHEe PEMOHTHOTO COCTaBa W T. A. Bce 3TH pabOThbl HAmpaBlieHbl HA
BOCCTAHOBJICHWC  TIEPBOHAYANBHOM WM  COXPAaHEHHE CYIICCTBYIOIIEH  HeCylleH
CIOCOOHOCTH KOHCTPYKIMH. TOJNBKO TOCJIE KaYECTBEHHOTO BBIIONHEHUS PEMOHTHBIX
PaboT MOKHO MTPOU3BOJUTH YCHICHHE KOHCTPYKIIHH.

OcHOBHBIMH 00acTSMH TIPUMCHEHWS TEXHOJOTHH YCHIICHHUS JKEIe300€TOHHBIX
9JIEMEHTOB KOMIO3WTHBIMH MatepuanamMu Ha ocHoBe ¢uOpbl (KM®) mo ycnoBusIM
paboThl KOHCTPYKIAY SBIISIOTCS:

- YBEJIMUCHUE Hecylled CrmocoOHOCTH M3rubaeMoil Jkene300€TOHHON Ganku wim
IUIATHI IyTEM MIPUKICHBAHHIS KOMITO3HTHOTO MaTepraiia B pacTSIHYTOH 30HE CEeUCHNS,

- YBeNIWUCHWE HECYIIEl COCOOHOCTH ceueHus Oalok Ha ACHCTBHE NONEPEUHON
cuibl yeraHoekoii KM@ Ha DPHOIOPHBIX ydacTKax KOHCTPYKIMH, TIE CYIIECTBYET PHCK
BO3HUKHOBEHWS M PA3BUTHS HAKIOHHBIX TPELIUH;

- yBeNMYEHHE Hecymiell CIOCOOHOCTH W BHELEHTPEHHO CKAaTBIX KOJIOHH
mpukienBanreM KM® 1o nepuMeTpy KOHCTPYKLMH (OXBaThIBAOLIEE YCHUIICHUE).

Haubonee Omuskum 10 OOJACTH M YCIOBHSM IPUMEHEHHS YCHJICHHIO
KOMIIO3UTHBIME MaTepHATaMH SIBISICTCS IIMPOKO W YCIEIIHO NMpHMEHseMoe yxe Oornee
MONYBEKA YCUJICHUE >KEIEe300€TOHHBIX KOHCTPYKLMI CTalbHBIME IUIacTMHAMHU. B 3Toit
CBS3U IIeNIecOo00pa3sHO PacCMOTPETh IIPEHMYIIECTBA M HENOCTATKM KaKIOTO W3 STHX
Croco60B YCHIICHHUS.

KoMmro3uTHEIE Marepuanbkl Ha OCHOBe yriaepoansix (KM®YVY), apamumsbx
(KM®A) u crexnoronokoH (KM®C) uMeror ropa3no Oonee BBICOKYI0 HPOYHOCTH Ha
pacTsDKEHHE, UeM IpUMeEHseMas apMaTypHas cTajib (PUCYHOK 2), NpHYEM WX YAeNbHBIH
Bec B 4-5 pa3 MeHbmie, 4eM y cramd. OTCIOfa BHITEKACT HEMANOBAKHOE IS
mpaktuueckux nenedl npemmymectBo KME® Haj CTalbHBIME  IUIACTHHAMH 110
COOTHOIICHHIO IIPOYHOCTH/COOCTBEHHBINH Bec». Hu3kmii BeC KOMIIO3UTHOTO Marepuaia
JieNlaeT €r0 YCTAHOBKY M IPUCOCIMHECHUE K YCHIMBAEMOH KOHCTPYKIMHU ropasjo Gonee
TIPOCTHIM M JIEFKHM 110 CPAaBHEHHUIO CO CTAJBHBIMU INIACTMHAMHU. 3TO 0COOEHHO BKHO TIPH
YCUICHUM KENE300€TOHHBIX KOHCTPYKUMII B CTECHEHHBIX YCIOBHSX, HalmpuMep, B
MO3EMHBIX COOPYKEHHAX, TEXHHUECKHX TIOMETHEHUSIX 31aHNi M Ha OONBIION BBICOTE
(TpyObl, rpamupHu, MOCTOBEIE (epmbl). [IpM YCHJICHHM HWXKHMX YacTeil IPOJETHBIX

CTPOEHMI MOCTOB, 4 TAKKE IVIABHBIX U BTOPOCTEHEHHBIX OaJlOK 3JaHUH M COOPY>KCHUH
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CTANBHBIMK TIACTHHAMU TIOCNIEAHUE HEOOXOAMMO MOANCPKUBATH JOBOJIBHO JUTUTEIEHOE
BpEMs B IIPOLIECCE NPUKIICUBAHKS 1 HA00Opa KIEAIIEM COCTABOM MPOEKTHOM MPOYHOCTH BO
n30eKaHue NX MPEKACBPEMEHHONO OTCIOCHUS OT YCHITMBAeMOW KOHCTPYKIMH. O3TOT
IpoLecC SABIAETCS BECbMa TPYJAOSMKHM, TpeOyeT HCIONb30BAaHUS — Pa3IM4HBIX
MPUCIOCOONEHUI W JOTIONHUTENBHBIX KOHCTPYKIME. IIpd €ro BBIMIONHEHHH Taloke
CHIDKAETCsl O€30MACHOCTb CTPOMTENBHBIX padoT. Bee 3TH CINOKHOCTH MPEOAOIUME TIpU
WCIMOJNB30BAaHUH KOMIMO3UTHBIX MarepuaioB (KM®). B OonbHIIMHCTBE Cly4aeB HE
TpeOyeTcs NPUMEHEHUS CINEUMATbHBIX AHKEPHBIX YCTPOMCTB IS MOIIEPXKaHHS
YCUIIMBAIOIEH KOHCTPYKIMK BO BPEMSI MOHT@XKa, YTO HE HAPYIIAET MPOYHOCTb CEUCHHS
KOHCTpYKUMH. [lpu 5TOM He NOBpeXXAaloTcs OETOH M apMarypa CyIUECTBYIOLIEH

KOHCTPYKIHH.

G,

6

0,02 0,04

Pucynok 2 — JluarpaMma «HarpsbkeHue-aedopMalysy Ans pa3IudHbIX TUIIOB

KM® u apmarypHoii cTanm

KoMnosuTHble MaTephajbl HM3TOTABIMBAIOTCS W HCHOJNB3YIOTCA B IMPAKTHKE
VCHJICHUS CTPOMTEBHBIX KOHCTPYKLMNA B BHAC JICHT HJIM XOJICTOB JIF0OOH TpeOyemoi
JUTAHEL, & JUTHHA CTaJIbHBIX IUIACTHH M3-32 CJIOXKHOCTH BBINOJHEHUS MOHTKHEIX paboT B
OCHOBHOM OrpaHdueHa 6 MeTpamu. BO3MOXKHOCTH HCTIOJIB30BAaHHS MaTepuaia yCHICHHS
OONBINON JJIMHBI W THOKOCTH MPHBOAMT K YNPOLICHUIO TEXHOJNOTMH PaboT H HMEET
CIEAYIONIHNE TPEHMYTIECTRA:

~ KOMITO3UTHBIC MAaTCPHUAJIbI JICTKO MOAOAIOTCS MPEAHAIIPSDKCHHUIO,
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- OTmafacT HEOOXOAMMOCTb B JIOMONHHTENbHBIC CTHIKOBAHMS Marcpuana
YCUIICHUS,

- MarepWaJl MOXHO WCTONB30BaTh Ui YCHJEHHs JIOOBIX 1o (opme
KeJIe300€TOHHBIX KOHCTPYKIWH, TaK KaK B CHILy CBOEH MHOKOCTH OH OyIET MOBTOPATh HX
OuepTaHus;

- KOMIO3UTHBIE MaTepuasbl MOXKHO TPHMEHSTH A YCUJICHUS KOHCTPYKUMI C
J00BIM PailyCOM KPHBHU3HBI, BIUIOTh IO KPYTJIBIX;

- TEXHONIOTHYECKHUii MPOLIECC AONYCKAET YCTAHOBKY KOMIIO3UTHOIO Marepuaa 0e3
OCTAHOBKH HKCILTYaTalllil YCHIMBACMOTO COOPYKEHMUS,

- Manas TONIIMHA NOJOC KOMOO3UTHOrO Matepuana (o 1,5-2,0 MM) Mo3Boisier
YCTaHABIMBATh WX OJHOBPEMCHHO B JIBYX HAIPABICHUAX JUIS YBEJIHYEHMS HECYILEH
CIOCOOHOCTH KOHCTPYKLMK.

CocTaBstonme KOMIIO3ATHOTO MaTepraia (BOJIOKHA U OTBEPKIAIOIIUI MOIUMED)
SBJIIFOTCS  IOJITOBEYHBIMM W OONAJIAtOT BBICOKOW HAAEKHOCTHIO IPH BOCIPUATHU
MHOTOKPATHO TOBTOPSIONIAXCS HATPy30K. B mpomecce 3KCILTyaTallil OHH He TpeOyroT
JOTIOJTHUTENBHBIX MEPONPHUATHI MO 3allliTe OT BO3ACHCTBUS arpecCUBHOI BHEIUHEH
cpensl. B ciydyae BO3HUKHOBEHMS HENPEABUACHHOMN SKCIUTYyaTAallHOHHOW CHTyallHd OHH
JIETKO PEMOHTUPYIOTCS U YCHJIMBAKOTCS YCTAHOBKOH €Ille 0OJJHOTO AOTOJHMUTENLHOTO CII0s
KOMIIO3UTHOTO MaTepuaa.

VYuuteBas Bce 3TH (PaKTOPBl, MOKHO CKa3aTh, YTO YCUJICHUE CTPOUTENBHBIX
KOHCTPYKLHMI{ KOMIO3UTHBIMH MATEpHAJIAMH  SBISECTCS MEHee TPYJOEMKUM U
JHEPro3aTpaTHBIM IMPOLECCOM MO CPABHEHHIO ¢ JAPYTMMH aHAIOTHYHBIMH CIOCOOAMH
yCWIeHN. D10 OOCTOATENBECTBO HMEET HEMAIOBLKHOEC 3HAYCHUE IIPU DPEMOHTE H
YCWICHUM MHOTMX KOHCTDYKLMi, HalpuUMEp, MOCTOBBIX HA aBTOJOPOXKHBIX M
JKCTE3HOAOPOXKHBIX ~ MATMCTPAAX, KOTAAa MX OTKa3 (BPEMEHHOE IIPEKpalleHUE
9KCIUTyaTalldki) BO BPEMs MPOBEACHUS PEMOHTHBIX paboT NMPHUBOAUT K 3HAYUTEIBHBIM
(UMHAHCOBEIM MOTEpPAM. BceM STUM MOXHO OOBSICHWTH VBEIHYHUBANOIMIICS 00BEM
OPUMEHEHUS] YCUIIEHUSI CTPOUTENBHBIX KOHCTPYKIMI KOMIIO3UTHBIMH MAaTE€pUAIaMH B
mupe — Apctpum, Benprum, BemuxoOpuranuu, ['epmanun, Kaname, Ilonsme, CILA,
Opanrun, Yexuu, SAMOHUN U Apyrux crpaHax. B IIIBeiinapun OHU NMPUMEHSIOTCS YXKE B
Oomnee ueM B 80% ciIyuaeB YCUIICHUS BCEX CTPOUTEIBEHBIX KOHCTPYKIUH.
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OCHOBHBIMH HEJOCTATKAMH BHEIIHETO YCWICHHS CTPOMTENBHBIX KOHCTPYKLMHA
KM® sBisioTcs BO3MOKHBIE PHCKH OTKa3a OT HO)Kapa, BaHAAIM3Ma M CIyYaiHBIX
MOBPEKACHAN HE3AMMILEHHOW KOHCTPYKUMH. [103TOMY NpU NPOEKTHPOBAHUU YCHIICHUS
HeoOXOMMO YYWTHIBaTh, 4YTO Haubosee ONAroNpHATHBIM CIy4aeM 3KCIUTyaTaluu
KOHCTPYKLHMH TIOCHE YCHIIEHHS OyAET BOCHPHSATHE YCUIMBAIOIMM 37eMeHTOM u3 KM@
BCell BpEMEHHOI Harpy3kd (KpaTKOBPEMEHHOM M JUIMTEILHOM), a OCTOSHHYIO Harpy3Ky,
0Cc00EHHO OT COOCTBEHHOTO Beca, OyAET BOCHPHHIMATh CaMa yCHIHBAEMasi KOHCTPYKLUSL
OTO TONOXKEHWE HWIPaeT BAXKHYIO PpOJb [PU YCHICHHH MOCTOBBIX KOHCTPYKIIHH.
KoMno3uTHEIE MaTepuasbl MOXKHO 3allMINATh Kak OT BaHAAAM3MA, Tak M OT HOXKapa
HAHECCHUEM CHEIUATIBHBIX MOKPbITHA. OJHMM W3 TAaKUX MOKPHITHI SBIAETCA COCTaB
«bapbepy, paspadoranubiii HUMKDB u 3AO «Tpuana-Xonmuar». OH obnagaeT BEICOKOM
TOPOYHOCTBIO Ha oxartme, A0 98 mlla, obecneduBacT 3alUTy OT MOXKapa, XOPOIIO
MOJIACTCS 3arIAKUBAHUIO IIPA OTACIIKE.

OmBIT JUIMTENBEHOM 3KCIUTYyaTallid CTPOWTENBHBIX KOHCTPYKLUIA, YCHJICHHBIX
KM®, moka Hepenuk (uyth Gomee 30 jer), uro Takke HEOOXOAMMO YYMTHIBATH TpH
[POEKTHPOBAHUH YCUICHUS KOHCTPYKIIHIA € JUTMTETbHBIM CPOKOM CITy OBl BMecTe ¢ TeMm,
KOHCTPYKIMH, YCUJICHHBIE CTa/lbHBIMU MJIACTHHAMH, B TOM YHCIIE B IIOJIBOJHBIX YCIOBHIX,
VCIEMIHO OKCIUTyaTupyloTcs yxke Oomee 40 yer. OTO HECOMHEHHO TOBODHT O
JOITOBEYHOCTH KaK CAMUX MaTEpPHAJIOB, TaK U KIEALIMX COCTABOB, C MIOMOLLbLIO KOTOPBIX
OHH TPHCOCOUHSIOTCS K YCHIHBAeMOl KOHCTPYKIMH. B mieane cpok CiyxObl CHCTEMBI
ycuieHns (KOMIIO3UTHBII MaTepra + KJIesIuii COCTaB) NOJDKEH PABHATHCS OCTATOYHOMY
CPOKY CIy>KOBI YCHIIMBAEMOI'0 3/aHUS WIH COOPYKEHHWs. B HacTosmiee BpeMs MOXKHO C
YBEPEHHOCTBIO CKa3aTh, YTO TMPH YCHIEHMH MIDKEHEPHBIX COOPYKEHMH C OCTATOYHBIM
cpokom cmyk6sl 3040 neT KOMIO3WTHBIE MaTephansl obecnedar Tpebyemyro
JOJITOBEYHOCTh KOHCTPYKIHH.

OTKpBITEIM ocraercs  BOIPOC 0  JONrOBPEMEHHOM  MOHHUTOPHHIE
9KCIUTYaTAMOHHON HAJICKHOCTH WHKEHEPHBLIX COOPY)KEHHUH, YCUIIEHHBIX KOMITO3UTHBIMH
MarepuajiaMd, ¢ [UTHTCIBHBIM CPOKOM CIY>kOBI — MOCTOB, TPaHCIIOPTHBIX TOHHENEH,
aTOMHBIX CTaHOWi. B ATOM ciy4ae MOCIEAYIOMAH MOHHTOPHHT 3KCIUTYyaTalHOHHOTO
cocrosHuA ycmineHHOi KM@ CTpOMTEbHOM KOHCTPYKIMH B TE€YEHHE BCEr0 CpPOKa

CJIy>K6I>I ABJISIETCA HEOTHEMJIEMO COCTAaBHOM YaCTbIO CHCTEMBI YCUIICHHSA. ]_[pOBCZ[CHI/Ie
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TIEPUOAMYESCKAX OCMOTPOB M OLEHKA 3KCIUTYyaTaAllHOHHOTO COCTOSHHS H COACPIKaHHs
MOCTOBBIX KOHCTPYKLHUI TABHO SBJIAIOTCS 00s13areNIbHBIMH [6,7]. B 3apy0OeskHOl nmpakTHKe
CHCTEMBI HENPEPHIBHOTO MOHHTOpUHra ycWiIeHHBIX KM® MOCTOBBIX KOHCTPYKUMH
BHEJIPEHBl HA MHOTHX COOPYXKEeHHSX — MocThl «bapHe» B Manuecrepe, «J[xoH XapT» B
Bpuranckoit Komym6un u MHorux apyrux. B IlIBefinapuu paspaboTaHa U C ycHexoMm
TMPUMEHSETCST CHCTEMa KOHTPONS, OOECHEeUUBAIOIAS HENPEPbIBHBIL MOHHTOPHHT
KOHCTPYKIMiA, YCHJICHHEIX KOMMO3WTHBIMA  MarepHanaMd. O  HeoOX0auMOCTH
MOHHMTODHHTA 3KCIUTyaTalMOHHOTO COCTOSHUA JPYIHX MHJKCHEPHBIX COOPYXKCHHUH B
HOCTIETHAE TO/I6I TOBOPAT MHOTHE OTE€UECTBEHHBIE M 3apyOEKHBIE YUCHBIE M CIELIHATHCTHI
[8-12].

OTHOCUTENBHEIM HEOCTATKOM UCIONB3yEMBIX B HACTOSMICE BPEMsSI KOMITO3UTHBIX
MaTepraloB SBISETCS HMX Oolice BBICOKAs CTOMMOCTb IO CPAaBHEHUIO CO CTaIbHBIMH
[UIACTMHAMH, HO 3TOT HEJOCTATOK HUBENUPYETCS ¢ pacnmperueM peiika KM®. Ecnu xe
IPUHATE BO BHAMAaHME BECh KOMIUIEKC NPOBEJACHWS PaboT MO YCHICHHWIO M YYeCThb
CTOMMOCTbD JanbHelIel SKCIuTyaTalyy KOHCTPYKIUK, TO BO MHOTHX CIIydasX yxe cefuac
ucnonb3oBane KM® i yCHJICHHS! CTPOMTENBHBIX KOHCTPYKLHMH C SKOHOMHUYECKOM
TOYKH 3PEHUS BHIITILAUT OOJIEE MPEANOYTHTENBHBIM.

@DaKxTopBl, BIUAIOMIUAE HA CTOMMOCTb pPab0T MO YCHJICHHIO CTPOUTENIBHBIX
KOHCTPYKLHMI Kak ¢ MPUMEHEHUEM KOMIIO3HTHBIX MATEpHAlOB, TaKk U JPYTUMHU
cnocodamu, O49eHb Pa3HOOOpazHBL M eciu MpsAMBIE HHBECTHIMOHHBIE 3aTPaThl MOXKHO
OTIPENENUTh AOCTATOYHO TOYHO, TO JAJBbHEHIINE SKCIUIyaTAMOHHBIC PACXOABI MOXHO
OLICHUTH BECbMa TIPHONMM3NTENEHO. OCOOEHHO CIIOXKHO MOJCYMTATh YIIEpO, BEHI3BAHHBIH
BPEMEHHBIM TPEKPAIIEHUEM SKCIUTyaTalMd HHXKCHEPHOTO COOPYXKEHUS BO BPEMs €r0
peMoHTa 1 ycwieHusl. 110 faHHbIM aHIHHCKOM JKEIE3HOJOPOXKHOM acCOLHALMU YCHUIICHUE
MOCTOBBIX KOHCTPYKIMH KOMIO3UTHBIMH MATEPUATIAaMH JCIIEBIIE YCUICHUS CTAIbHBIMH
mactuHaMy Ha 30%. O mpUMEpHO TakoM >Ke YAelleBIeHur odmieii crouMocTu paboT Mo
YCUWICHUIO ¢ HCnob30BanueM KM@ CBHAETENBCTBYIOT U ApYyrHe 3apyOe:KHbIE HCTOYHUKH
[13, 14]. Ilpm cocraBneHuM CMETHl HA YCWICHHE CTPOMTEIBHBIX KOHCTPYKIUi
HEoOX0UMO TAKKE YUUTHIBATH BBICOKYHO IPOM3BOAUTEIBHOCTH BBINOIHEHUS PadoT ¢
HCIIOJIb30BAHUEM KOMIIO3UTHBIX MaTepHanoB. Tak B SlmoHum ycuneHue TPyObl BBICOTOMH

100 MeTpoB KOMIIO3MTHEIMH MaTepualaMi (OXBaTEIBAIOIIES YCHIICHHE XOJICTAMHU C
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YTJIEPOAHBIMU BOJIOKHaMH) OBUIO BBHIOJHEHO B TEYEHHE OMHOTO Mecsna. [IpuMmeHeHue
JUTS 9TUX LieNiel CTabHBIX NOJIOC NOTPEOOoBANIO OBl MPUMEPHO MONTYTOAA.

Ilpu y4ere CTOMMOCTH PEMOHTHEIX paboT M paboT MO YCHMIICHHIO HEOOXOIHUMO
VUUTBIBATH KOJNMYECTBO W CTOMMOCTh OyAYIIMX PEMOHTOB B TEUEHHE BCETO
MPEeNIOoIaraéMoro OCTABIIEr0Cs CPOKa SKCILTyaTally 34aHUsl HIIH COOPY>KEHUs, a TaKKe
KaIUTAIOBJIOKEHUSI B abTCPHATUBHBIE CIOCOOBI PEMOHTA M YCHIICHHUS, BKIIOYAs
Oymyme SKCIUTyaTallMOHHBIE 3aTpaThl U PacXopl, CBA3aHHBIC C BO3MOXKHBIM OTKA30M
COOPY’KEHHS.

OnHUM U3 OCHOBHBIX (JaKTOPOB, ONPEAEISIOIMX MTPABUIIBHOCTD BEIOOPA CUCTEMBIL,
YCUJIEHUS SBJSIETCS YPOBEHb YCWJIEHWS, TO €CThb BO CKOJIBKO Pa3 MOJYKHO YBEIHYHTH
HECYIYI0 CIOCOOHOCTh CYIIECTBYIOIIEH CTPONUTENBHOM KOHCTpYKuuH. Heobxomumo
VUUTBIBATh, YTO YCHJIEHHME, NPEILITCTBYIOIIEE PA3BUTHIO OJHOTO BHAA Pa3pyIICHUSA
KOHCTPYKIUM (HampuMmep, OT OecTBHS M3rHOaloIero MOMEHTAa), MOXKET HOBBICUTD
BEPOSITHOCTH MOSBIACHNUS pa3spyLICHUs OT NCHCTBHA APYIrUX CHJIOBBIX BO3JCHCTBHHA B
KOHCTPYKIIUM (Hampumep, OT JCHCTBHS TOMEPEYHOM CHIBI WM  KacaTelbHbIX
HAIPsDKEHUI). ITOT BONPOC AO/DKEH PELIaThCA HA CTAAUM IPOCKTUPOBAHUA YCHJICHMS.
Heo6x0auM0O npuHMMarh BO BHUMAHHWE M BO3MOJKHBIH PHCK YAaCTUYHOTO WM IOJIHOIO
pa3pyIeHUs YCHJIMBAIOMIETO JJIEMEHTA W3 KOMIIO3MTHBIX Marepuanos. B cuy
CPaBHUTENBHO HEOONBIIOr0 ONbITA JOITOBPEMEHHOH OKCIUIyaTal(Md CTPOHTENBHBIX
KOHCTpyKumii, ycuneHHelx KM®, oaHuM M3 OCHOBHBIX NOAXOAOB K CBEICHHIO K
MWHAMAJIbHOMY PUCKY TPOEKTHBIX PCIICHWH CIIEAyeT NPU3HATH HCIOIB30BAHUE
YBEJIMYEHHBIX  KOO(Q(PUIIMEHTOB HANCKHOCTH 10 Marepuajam ycuieHus. OOIUM
MOJIXOIOM TIPH MPOCKTHPOBAHUN YCUICHHS SBIISICTCS M TO, YTO ADKE IPHU PaspyLUEHUH
KOMIIO3UTHOTO Marepuajia CTPOHMTENbHAS KOHCTPYKIMS Kakoe-TO BpeMs JOJDKHA
COXpaHATh CBOM DKCIUTyaTal[HOHHBIE KawyecTa. [looroMy MHOTHE 3apyOe:KHbIC
HCCIICAOBATEId PEKOMEHAYIOT He Oolee 4YeM JBYKPATHOE YBEMYEHHME HECYINEH

CMOCOOHOCTH KOHCTPYKITMHU MPH e¢ ycuierud [15-17].
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3.2 IlpumensieMble KOMIIO3HTHBIE MATEPHAJILI H HX CBOHiCTBA

BbiGop KOMOO3MTHOrO Marepuana Ijis pa3IMYHbIX CUCTEM YCUICHUS SBISETCS
OJHHM H3 HamboJee BAXKHBIX BOIPOCOB, PEIIAEMBIX INIPH IPOSKTHPOBAHWW YCHICHMS
CTPOHUTEIBHBIX KOHCTPYKITHIA.

KomnosurHele Marepuaisl ¢ ¢GuOpoil (BOJIOKHAMH) W3rOTABIMBAIOTCA U3
COOCTBCHHO BONIOKOH  (YTTICPOJHBIX, TMOMMI(DHUPHBIX, apaMHAHBIX H  JAPYTHX),
OMOHOJIMYECHHEIX (JIAMIHUPOBAHHBIX) B MOJIMMEPE B BUJE XKECTKHX IOJIOC WM TUIACTHH,
HETOCPE/ICTBEHHO TMPHKITEMBACMBIX HA CHNCUHAIBHO MOATOTOBJICHHYIO ITOBEPXHOCTB
YCUIMBAEMON KOHCTPYKLMH. OOIUETPUHATOS HA3BAHHE TAKUX KOMIO3UTHBIX MaTepHANIOB
— NaMUHATHl. BTOPEIM pacnpoCcTpaHECHHBIM THITIOM KOMITO3UTHBIX MarepHaliOB SBIIAIOTCS
XOIICTBI, MPEACTABIIOMKME c000M THOKYI0 TKaHb ¢ OJHO - MM JBYHAlPaBICHHBIM
pacnosokeHueM BoJIOKOH ((puOpsl). IIpu ycTaHOBKE Ha KOHCTPYKIIWM OHH YTaIUTUBAOTCS
B MOJIMMEPHBIN KIS COCTaB — MATPHILY, 0OECIICUMBAIOILYIO HX IUIOTHOE MPHIIETaHNE
K TIOBEPXHOCTH YCHIMBAEMOM KOHCTpYKImH. Takoi cmoco® mpuMeHEHHS KOMIO3UTHBIX
MaTepUATIOB HA3BIBACTCS IO MECTY». (DU3HKO-MEXaHHIECKUE CBOWCTBA KOMIIO3UTHBIX
MATePUATIOB ONPSACISIIOTCA TUIIOM M KOJIMYECTBOM IIPHMEHSIEMBIX BOJIOKOH, WX
OpHEHTaIuell W pacnpefesicHHeM B TIONEPETHOM CEUCHHM JIEHTHL. Poib monmumepa
CBOJUTC K IIEPEJAUe ACHCTBYIOIINX HAMPSDKCHUI MEJKAY BOJIOKHAMH, a TAKOKE UX 3alluTe
OT BHEIIIHUX BO3ACHCTBUI.

IonuMeps! A7 OMOHONMYMBAHUS BOJIOKOH (M3TOTOBJICHMS MaTpPULBI) MOTYT OBITH
Pa3NMYHOTO THIIA, HO Yallle BCETO IPHMEHSIOTCS TEPMOOTBEPKAAIOIIHECS MOJMMEPEL
OtBepxaaroias Marpuua (MOIUMEpP) OMPENeNseT HEKOTOpble MEXAHMYECKHE CBOICTBa
KOMITO3UTHEIX MATEPHAJIOB — IIPOYHOCTH M MOAYIh YOPYTOCTH B TOHNEPEUHOM
HAalpaBJICHUHN, COMPOTUBJICHUE CIABUTY M XapaKTep MOBEICHMS MaTepHaia MpH CXKATHH.
s OTBEp)KACHWS BOJOKOH 4Yamle BCETO MCIOABL3YIOTCS JMOKCHUAHBIE, BHHMI H
nomu3UpHEIE cocTaBbl. Bce OHM 00mamaroT XopoweH CTOHKOCTBIO —Pa3InuHbIM
XUMHUYCCKIM BOSI[GfICTBI/ISIM. 3HOKCI/II[HBIG COCTaBEI o6na)1a10T JYy4YIIMMHA MEXaHHICCKUMHA
cBoicTBaMHU, a TONMA(UPHEIE COCTaBH Ootee AemeBbl. OCHOBHBIE (PU3NKO-MEXAHHUECKHIE

CBOMCTBA MPUMEHACMBIX I OTBECPKACHUA BOJIOKOH ITOJIMMCPOB IIPUBEACHLI B Ta6Jll/1Lle 1.
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Tabauna 1 — CBolicTBa OTBEP)KAAOLINX MOJIUMEPOB

DU3UKO-MEXAHUICCKHIE CBOHCTBA DupMbI-TIpOH3BOAHTEH
MOJTAMEPOB
P MBT SBD DML. Sika Sumitomo
composites
IIpounocts Ha pacrsxerne (MIa) 50 17 81 30 29
Ipounocrts npu usrude (Mma) 120 28
Moayas ynpyroctu npu usrude, [Tla 3 5 3.8 2.5
Temneparypa crekiosanus (°C) 55 60, 80 59 53 55
HaunGonee pacnpocTpaHEHHBIMH THIIAMH TpUMeHseMol ¢GuOpb  (BOJIOKOH)

ABJIAIOTCA YITIEpOA, apaMux U CTekyio. OcHOBHbIE (PU3MKO-MEXAaHWYECKHUE CBOMCTBA
(¢udpsl npuBeneHsl B Tabmuue 2. B tabnuie npuBOAATCA MMEHHO CBOKMCTBA (uOpHI
(BOJIOKOH), @ HE CaMOro KOMIIO3MTHOro Marepuana. [Ipu sTom (paxkTHueckue cpoiicTBa
(puOpPEI MOTYT HECKOJNBKO OTJIMYAThCA OT MPUBEACHHBIX B TAaOMHMLE 2 W OKOHYATEIHLHO
yCTaHaBIMBAKOTCA (pupMoii — mpousBoguteneM. Bce mpuBencHHble B TaONMMLE THIIBI
(GuOpEl MMEIOT JMHEHHYIO [uarpaMMy «HampsbkeHue — nedopmaunus» BIUIOTh [0

pazpyiueHus 6e3 Kakoi-mbo miacTu4eckoit 30161 (puc. 1-2).

Tabauna 2 — Tunuynele CBOICTBA MPUMEHIEMON PrOPHI

IIpounocts Ha Monayas Jedopmars IMiomHOCTS
Tun pudper PacTKEHHE YOPYTOCTH yANHHEHUA I
MITa TTIA %
Yracpoa ¢ BrIcokon 43004900 230-240 19-2,1 1.8
MPOYHOCTHIO
Yracpox ¢ BPICORHM 7405490 294-329 0,7-1,9 1,78-1.81
MOJYJIEM YIIPYTOCTH
Yricpon ¢ BRICOKHM 26004020 540-640 0,4-0.8 1.91-2,12
MOJYJIEM YIIPYTOCTH
Apamugt*¥ 3200-3600 124-130 24 1,44
Crexio 2400-3500 70-85 3,5-4,7 26

*

HA TOJIHAKPHITHHTPHIIOBOH MaTpHLIE

**  Ha MOJMMEPHOH MaTpHLE U3 STIOKCHIHOH CMOJIBI
**¥ apamMu MOXKET HMETb Ty JKE MPOYHOCTH C MCHBIINM MOAYIEM YIPYTrOCTH

BonokHa B ceueHHMU HW3rOTaBIMBAIOTCA NPOJOJITOBAaTON M CIUTIOCHYTOH (OPMBI

Jlns yCUNEeHHs CTPOMTENBHBIX KOHCTPYKLHMI HauOOJblliee PacnpOCTPAHEHHE TONYYHMITA
BOJIOKHA MPOAOATOBAaTONd ()OPMBI, MMEIOIIME B MOMEPEYHHKE auaMeTp 5-20 MKM.
CTeKIOBONIOKHA, TpenHa3HAYEHHbIE s BHELIHETO apMHUPOBAHUsA, MOAPA3ACISIOTCS Ha

Tpu Tuna: E — CTEKIOBONOKHO, A — CTEKIOBOJIOKHO U AR — CTEKIIOBOJIOKHO, MMEIOLIEE
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BBICOKYIO COIIPOTHUBIIIEMOCTD LIEJIOYHBIM BO3ICHCTBHUAM. E-CTEKIIOBOIIOKHO COACPKUT
OoNpIIoe  KOMMYECTBO OOPHOM KHUCIOTHI M AIOMHHATA W IUIOXO COIPOTHBISETCS
IIEJIOYHOM arpeccuu. A-CTEKJIOBOJIOKHO SBJIACTCS 00JIEE TPOYHBIM, HO MPAKTHYCCKHA HE
BBEIACP)KMBACT INEAOYHBIX BO3AcicTBUA. B AR-CTEKIIOBOJIOKHE Ul MPEIOTBPAICHUS
HETATUBHBIX BO3MAEHCTBUAN INEIOYHONM arpeccMd Ha KOHTAakTe ¢ YCWIHBACMOM
JKENEe300€TOHHOM KOHCTPYKIMEH BBOAWTCS 3HAUUTEIBHOE KOJMYECTBO ITMPKOHHSL
ITpouHocTHEIE U Ae(OpPMAIIMOHHEIE CBOMCTBA 3TOTO CTEKJIOBOJIOKHA COMOCTABUMEI ¢ E-
CTCKJIOBOJIOKHOM. J[OCTOMHCTBOM BCEX CTEKIOBOJIOKOH SBJsIETCS WX HeOoJsbInas
CTOUMOCTb.

ApaMugHbIe BOJIOKHA TPHMEHSIOTCS HaumHad ¢ 1971 T. W BEHIIyCKaroTCA
Pa3NMYHBIMU TIPOM3BOIUTEISIMA 1O PA3HBIMH TOPTOBEIMH Mapkamu. OOHOM M3 caMbIxX
m3BecTHBIX sBIseTcs Kevlar®. DTu BoNOKHA AHU30TPOIIHBL II0 CBOEH CTPYKTYypE U IIO
CPaBHEHHIO C JPYIMMU HMMEIOT 00Jee BBICOKWE TMPOYHOCTH U MOAYIh YIPYTOCTH B
MOTIEPEYHOM HaIpaBIeHUHU. VX AmameTp cocTaBiseT mpubmusutensHO 12 MM, OHH
Oornee IACTUYHBI MPHA ACHCTBUM PACTATMBAIOIIMX HArpPy30K, HO MPH CXKATHH OCTAIOTCA
VOPYTUMH BIUIOTH [0 pa3pylleHus. ApamMHIHbIE BOJOKHa 00NagaoT XOPOIIMMH
BBIHOCJIMBOCTBIO M KECTKOCTBIO.

YriepoaHbIe BOJIOKHA W3TOTABIMBAIOTCS HA OCHOBE MCXOAHBIX CMOJIBI WA
noymakpwEuTpuia (PAN). IlepBolif THN BOJOKOH H3TOTARJIMBACTCS W3 OYMILEHHBIX
He()TH WM YIS, TIPOITyCKAEMBIX MO GOJNBIINM JABJICHUEM Yepe3 OYEHb TOHKOE COIUIO M
BIIOCJICJICTBMM  OTBEPXKJACMBIX TepMmorponeccoM. [loMakpuIHUTPUIOBEIE BOJIOKHA
W3TOTABJIMBAIOTCS U3 TONHMAKPUJIOHUTPMWIIA IIYTEM €10 KapOOHW3aIuK 10J] BO3ACHCTBHEM
BBICOKOI TeMIepaTyphl. J[maMeTp BOJOKOH MPH 3TOM CHOCOOE WX TOJydCHHS MEHBIIE U
coctaBisieT 5 — 8 MKkM. CTpyKTypa BOJIOKOH ONPEACTIETCS CTENEHBI0 WX KapOOHU3ALUN U
OpHUEHTANMEH KPUCTAILIOB.

Breibop Tuna (GuOpHl A WCMONB30BAaHUS B CHCTEME YCHJICHHMS CTPOUTENIBHBIX
KOHCTPYKIIHif 3aBUCUT OT MHOTHX (JaKTOPOB: THIA YCHJIMBAEMOM KOHCTPYKIIMH U YCIOBU#
ec paboThl; OXHMTAeMOM Harpy3ku IMOCIE YCHJICHWS; BHAA W CTENEHU BO3ACHCTBUA
arpecCUBHBIX BHEINHMX (JakTOpOB W T. A. PaccMOTpMM KpaTKo OCHOBHBIE CBOWCTBa

(uOpEI, yUNTHIBAEMBIE TIPH BEIOOPE CUCTEMBI YCHIICHUSI.
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Cmotikocms K Xumuyeckum 8o30eiicmeusim. YTISPOAHBIE U apaMUIHBIC BOJIOKHA
XOPOIIO COMPOTHBIIIOTCS MHOTMM XUMHYECKAM BO3ACHCTBHSM: IIENOYAM, KHCIIOTaM,
XJIopuaaM, cyibdaram, HATpaTaM U ApYruM. MHOTHE THUIbI CTEKIOBOJIOKOH ITOABEPKEHEI
menovHoi kopposun (mpu pH > 11), HO Mano MOANAKOTCS BO3ACHCTBHIO cOeiH. ApamMun
II0 CPaBHEGHWIO C JAPYTMMH BOJIOKHaMH OOiamacT Oonblieil BOAOHNPOHUIAEMOCTHIO.
bonpimas KOHIEHTpAIWsA CONCH MO)KET IPHBECTH K W3MEHEHMIO KPHCTAUTHYCCKOH
PEIIETKA Yy BCEX TUIIOB BOJIOKOH, &, CJICA0BATENBHO, K HX PAa3PYLIEHHIO.

Conpomusnenue  ynompaguonremosomy usznyyenuio. CTEKIO- U yIIEPOIHBIC
BOJIOKHA HE IOABEPXKEHHI BO3/CHCTBHIO YIBTPAHOICTOBOIO HM3Iy4YEHUS. ApaMHIHBIE
BOJIOKHA MEHSIOT LBET, M CHIDKACTCS UX IPOYHOCTE HA pPacTsvkeHHe. OAHAKO IpH
JTaMUHAPOBAHUYM BOJOKOH B MONMMEPHYIO MATPHIy 3TH M3MEHEHUS HOCSAT JOKAIbHBIH
XapakTep M KOHIEHTPUPYIOTCS BOIM3U BHEIIHEH OBEPXHOCTH KOMIIO3UTHOTO MaTepHana
1, TIO9TOMY HE OKa3bIBAIOT CYIICCTBCHHOTO BIMSHMS Ha €r0 CBOKMCTBA B meioM. [Ipsmoe
BO3JCICTBIE COMHEUHBIX JIydeif MOBBIMIACT XPYIKOCTh MATPHIBl W IPYTUX 3aIIATHBIX
TTOKPBITHI.

Dnexmponpogooumocme. ApamMuHble " CTEKJIOBOJIOKHA  SIBIISIFOTCS
JW3IEKTPUKAMK M MOTYT OBITH HCIONB30BaHbl I 3alIUTH JMHUIT 31eKTponepenad U
WHKEHEPHBIX KOMMYHHUKaLMi. YTiiepoAHble BOJIOKHA IIPOBOAAT JIEKTPUUECKHil TOK, HO H
OHM MOTYT OBITh MCTOJIB30BAHBI JUTsl YCHIIEHUS! CTPOUTENBHBIX KOHCTPYKLUMH, NMEIOLINX
KOCBEHHO€  OTHOIIEHHEe K  JeliCTBHIO  SJIEKTPUYECKOTO  TOKa  (HampHMep,
JKEITIE3HOOPOSKHBIE MOCTHI C 3IEKTPOBO3HBIM TPaHCIOPTOM). OHM JIOJDKHBI OBITH XOPOIIO
W30JTMPOBAHEI OT CTATBHO apMaTypébl, ABIAIOMIEHCS IPOBOXHAKOM SIIEKTPHUECKOTO TOKA.
Orta 3ammTa HEOOXOAMMA TOJNBKO TPHU YCTaHOBKE XOJICTOB HAa OCHOBE YIJIEPOAHOTO
BOJIOKHA TIO MECTY» OT TOKOTIPOBOJISILIUX 3TEMEHTOB.

IIpounocme Ha cocamue. YTIEPOAHBIE U CTEKIOBOJIOKHA MMEIOT TPOYHOCTH Ha
CkaThe, CONOCTaBUMYIO C TPOYHOCTBIO HA PAacTsKeHHE. Y apaMHAHBIX BOJNOKOH
MPOYHOCTB HA CXKATUE 3HAYUTEIEHO MCHBIIIE.

JKecmrxocmy. Mopaynb yrnpyrocTH YIJIEPOJHOTO BOJIOKHA COMOCTABUM  MJTH
3HAYUTENIFHO BBIMIE MO/YJIS YIIPYrOCTH apMaTypHO# cramu (cM. tadmumel 1-2). Moy
YIPYTOCTH apaMATHBIX BOJIOKOH MEHBIIIE, & CTCKJIOBOIOKOH - 3HAYMTEIIHEHO MEHBIIE 9eM Y
cTanu.
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Conpomugnenue  yoapueim  Hagpyskam. 1loBeleHHE BOJIOKOH BO  BpeMs
MPWIOKEHNS YIAPHON HATPY3KU ONPENEIAETCS MONIYUCHHONH UMY 3HEPTUEH [IPU YIIPYTOM
JehopmupoBaHui. BonokHa, coueTaronie BEICOKYIO IPOYHOCTh Ha pacTskeHue (Oornee
3500 Mlla) u 3HaUMTENBHOE OTHOCHUTENBbHOE yaauHeHue (Oonee 2%), SABISIOTCS
ONMaronpusSTHBIM MATEPHATIOM ISl BOCHPUATHS YIapHOM Harpy3ku. OTHM TpeOOBaHUSM
OTBCYAIOT MHOI'MEC TUIIBI YITICPOAHBIX, apaMUAHbIX U CTCKIIOBOJIOKOH.

Bosoeticmeue oensi. CTEKIOBOJIOKHA COXPAHSIOT CBOIO IMPOYHOCTH BIUIOTH MO
ToukH ImapiaeHus (6oiee 1000 °C), Torma Kak yriepoAHBIE BOJOKHA OKHCISIOTCS Ha
BO3yXe IIpu Temmeparype okoio 650 °C. ApaMuIHbIE BOJIOKHA HE MOTYT HCIIOIb30BATECS
npu temneparype ceime 200 °C. Bee Tumbl BOJOKOH HE MOAACPXKHMBAKOT ropeHue. B
KOMIIO3UTHBIX Marepuanax IpH [oXKape OmpeieisifomuM  OygeT  HOBEeIECHNE
OTBEPIKIAIOIIETO TIONMMEPa, IIPH BO3TOPAaHWM KOTOPOTO MOTYT BBIAEIATHECS TOKCHYHBIE
BELIECTBA.

Be3omacHOCTE U caHUTapus. Bee TUITBI BOJIOKOH HE MIPEACTABIISAIOT OMACHOCTH JUTS
3/I0pPOBbSl B YCJIOBMSIX HOpMalbHOW JKCIuTyarammu. OtaenbHele 4acTH (GuOpel MoryT
IPUBECTH K Pa3/IPaXKCHIIO KOXKU, I71a3 M CIU3UCTHIX 000JI0UEK, TO3TOMY IPH BHIIOTHEHIH
paGOT C HUMH HCO6XO,E[I/IMO TOJb30BAaTbCd WHAWBUAYAJIbHbIMHA CPCACTBAMH 3allMTHI. B
HEKOTOPBIX CTaThiax [18] BbICKa3bIBacTCS MPEANONOKEHHE O KAHI[EPOr€HHOCTH
YIIEPOIHBIX BOJIOKOH. Omako BeemupHoi Opranmsarmeii 31paBooOXpaHeH s YIIICpOx He
OTHECEH K KaHLIEPOI'€HHBIM MatepuanaM. 1IpoBe/cHHbIE HA SKMBOTHBIX OIBITHI OKA3AIN
ero 0e30MmacHOCTh, a BPEOHOE BO3NCHCTBHME YTIICPOAHBIX BOJOKOH Ha YeJOBEKa Ha
MOPAAOK MEHbIIIE, YeM y acOecTa. ApaMUIHBIC, YIJICPOAHBIC U CTEKIIOBOJIOKHA SIBIISIOTCS
HHEPTHBHIMY MaTepHAlaMH, He COACPKAIMMH TOKCHYCCKHUX BemecTB. OHH HE cofepikar
BPEIHBIX TpEMeEcei, CMOCOOHBIX 3arps3HATh BO3AYX WIH NPOHHUKATE B MOYBY HPH HX
MPUMEHEHHH JJIsl YCUIICHHS TI0J3€MHBIX COOPY>KEHHH.

KoMmno3uTHbIC MaTepPHAIBl H3rOTABIMBAIOTCS IBYX OCHOBHBIX TUIIOB:

- XOJICTOBbIC Marepuanbl OOBIYHO C O/HOHANPABICHHBIM pPAaCMONIOKCHUEM
BOJIOKOH, XOTSI BO3MOJKHO ¥ IBYX-, M TPEXHAIIPABICHHOE PACIIONOKEHHUE,

- TIPEABAPUTENLHO U3TOTOBJICHHBIC B 3aBOJICKUX YCIIOBUSAX MOJIOCHI MITH IUIACTUHEL

gaime ¢ OTHOHAIMPABICHHBIM PACIIONOXEHHEM BOJIOKOH (J1aMHHATHI).
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B ofmem ciyuyae KOMIIO3MTHBIM Marephal COCTOMUT U3 BOJOKOH ((puOpHl),
OTBEPXKICHHBIX B OJMOKCHIHOM MOIMMEpe. B 3aBUCHMOCTH OT TUNa NPUMEHEHHOTO
BOJIOKHA OHHM MOAPA3IEISIOTCS HA KOMITO3UTHBIC MATepUaibl C ApaMUIHBIMH BOJIOKHAMH
KM®A, yrnepogasvu KM®Y u crexnoBonokHaMn KM®C. O0weMHOE copepkaHue
BOJIOKOH Komnebnercs oT 25-35% B xoncrax ao 50-70% B monocax. Bonokna gBnsitorcst
OCHOBHBIM 3JIEMEHTOM KOMITO3UTHOTO MaTepHalia, BOCIIPHHIMAIOIMM BHEITHHUE CHJIOBHIE
BO3/IEICTBYS, & OTBEPIKAAIOIIMIA MoNuMep (MaTprIia) HepepaclpeenseT Harpy3Ky MEKLy
HUMH H IIPEIOXPAHSET OT arpeCCMBHOIO BO3JCHCTBUS BHEIIHEH cpenbl. 3roTaBnmBaroTcs
KOMIIO3UTHBIE ~ MAaTepuanbl  pasiM4yHbIMM  cnoco0aMu, W3  KOTOpeIX  HauOonee
PpacmpoCTpaHEHHBIMH SIBIISIOTCS:

- aBTOMATWYCCKWM, 3aKMOYalomuiics B  HPOAODKHTENHHOM  MpOIEcce
BBITSTUBAHAS YIIEPOAHON POBHMIL, IEKOB WM MpS/ICH, HIPONUTAHHBIX CMOJION, MEXKLY
BBICOKOTEMIIEpaTypPHBIMU MaTpHLaMK A0 UX (opMoBaHus U 3acThiBaHus (pultrusion),

- OPOIUTHIBAHHE MONMMEPOM TIPSAM WM HATH W TIOMEIIEHAE MX Ha JUTHTEIHEHOE
BpeMA B IUIOCKYI0 (opMy IpuH OdYeHb HHU3KOM Temmeparype i Ooiee MO3IHETr0
H3TOTOBJIEHUS C IOMOLIBIO TpeccOpMEI (prepreg);

- Py4HOE (popMOBaHKE B BUAE HEOOX0IUMOTO TIPODMIIS.

3acThIBIIAs YacTh GOpMHpPYeMO Macchl KOMIIO3HTHOTO MaTrepuaja pa3pe3aetcs
IO JIHHE HA OTACNBHBIE TOJNOCH. B ckoOKax HaHbl OOLIENPHHATHIE MEXAYHAPOIHBIE
HAa3BaHWUs JAHHBIX CHOCOO0B M3rOTOBIICHHST KOMIIO3UTHBIX MaTEPHAJIOB.

DU3MKO-MEXaHNUECKIE CBOMCTBA KOMIIOUTHOTO Marepuajia ONpeaesstoTcs
CBOMCTBAMH €0 COCTABNSIONIINX (BOJOKOH H MOJMMEpa) U UX 0OBEMHBIM COOTHOIIEHHEM
B KOMIIO3uTe. MoOIynb yIpyrocTH KOMIO3HTHOTO Marepuaia E. W ero mpoyHOCTh Ha
pactsokeHue R, ompenenstores o Gopmyiam:

L. = EXVe+ Ey ¥V, €]

Re = R*Vy= Ry*Vy 2)

roe E; Rs; 1y — COOTBETCTBEHHO MOAYJb YIPYTOCTH, MPOYHOCTh HA PACTSDKEHHE U

00BEMHOE COOTHOIIEHHE B KOMIO3WTE BOJIOKOH (APAMHHBIX, YIJIEPOOHBIX WA
CTEKIIOBOJIOKOH);

Ey R, Vin — TO 2Ke caMoe [1st OTBEPIKIAIOIET0 momMepa. [1pu atoM Vy +V,, =1.

[ToBeneHue KOMITO3UTHBIX MaTEPHAAIIOB (it Harpy3kon OIIPENEsIeTCS
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MHUKPOMEXAHUYECKUMH TIpoLeccaMu Ae(pOPMUPOBAHUS U Pa3pPYLICHUS, 3aBUCAIIUMHA OT
JaMeTpa BOJIOKHA, €r0 paclpenesieHus B MaTPULIE U MApaLUICITbHOCTH BOJIOKOH, MECTHBIX
Ae(EKTOB MaTepuaa, a TakXke 0OBEMHBIM COOTHOIIICHHEM BOJIOKOH U MOJIUMEPA.

B ciyyae nmpenBapUTeNIbHO U3rOTOBIIEHHBIX MOJIOC KOMIO3UTHOTO MarepHajia ux
CBOMCTBA 3aBUCAT OT ILIOLIAAU MONEPEYHOIO CEUEHHS, MPUHUMAEMOoi npu pacuere. [Ipu
H3TrOTOBJICHUH KOMIIO3UTHBIX MATEPUATIOB HA MECTE (XOJICTHI, YTAILUIUBAECMBIE B KICAIIUNA
COCTaB-MaTpully) KoHeuHas TtonumHa KM® u coaepkaHue BOJIOKOH IO TUIOINAIH
MaTepuaia ABIAI0TCA NEPEMEHHBIMY BEIMUMHAMY U U3MEHSIIOTCS B IIMPOKHX MpeAeax.

B cuny TOro, 4ro Moaysib ynpyrocTd U MPOYHOCTH BOJIOKOH ((puOpsl) MHOTO
OoJblIe MOAYJISE YOPYTOCTH U MPOYHOCTH OTBEPXKAAIOMICTO TIOJIMMEPA, TO MEXAHUICCKUE
CBOIICTBA KOMIIO3UTHOI'0 MAarepHalla ONPEAEIAOTCA CBOMCTBAMHM BOJIOKOH M ILIOIIAJBIO
IIONEPEYHOI0 CEYEHUS HE BCEr0 MaTepuallia, a TOJBKO IUIOMAAbI0 B CEYCHUM OJHUX
BOJIOKOH. Koraa cBoiicTBa KOMIIO3HTHOIO MaTreprajla OCHOBAHBI HA €ro MOJIHOM IUIOIIA A
IIOMEPEYHOr0 CEYCHMs], BKJIFOYas BOJIOKHA U IOJIUMEP, TO 10 CPABHECHUIO CO CBOMCTBAMH
CaMHMX BOJIOKOH, MOIyJb YIPYrOCTH M HPOYHOCTh BCETO Marepuajia OyayT MEHBIIE.
O4eBUAHO, YTO MEXAHMYECKUE CBOWCTBA KOMIIO3UTHOTO MATEPHANIa HE M3MEHSITCS W3-3a
VBEJIMUYEHUS IIOMAAN €r0 MONEPEUYHOr0 CEUEHUS M0 CPABHEHUIO C CEUEHUEM BXOAIINX B
€r0 COCTaB BOJIOKOH. CYLIECTBYET CTPOr0€ COOTBETCTBHE MEKAY KOJMYECTBOM BOJIOKOH B
KOMITO3UTHOM MaTe€pHaliec U €ro0 MEXAaHUYECKUMHU CBOHCTBAMU. DTO MOJIOKEHUE OTPAKEHO

B Ta0swmiie 3 U MPOUJUTIOCTPUPOBAHO HA PUCYHKE 3.

Tabnuma 3 — MexaHU4eCKHe CBOMCTBA KOMITO3UTHOTO MarepHuajia B 3aBHCHMOCTH OT

IPOLEHTHOI'O COJEPKaHMs BOJIOKOH ((pudpa)

Du3HK0-MEXaHUUECKUE CBOUCTBA, BXOAAIINX B KOMIIO3UTHBIN MaTepHal,
KommoHeHToB: Ey= 220 I'Tla, R,= 4000 MIIA, E,, = 3 I'Tla, R,, = 80 MIla

ITnommaae monepewHoro Pa3
. pyIIAOIAs
Ceuenus CgotictBa KM® Harpy3Ka
A Ee R:[1.2] IpenenpHas
/> 2 * 2 0 clt-<ls 0,
MM A, MM Az, MM Vs % 111, MIla Jedopmarms, % iH %
Mia
70 0 70 100 220000 4000 1.818 280,0 100
70 30 100 70 154900 2844 1.823 2824 100,9
70 70 140 50 111500 2040 1.830 285.6 102,0

* Tlpu ucnonp30BaHu JIeHTH mupuHOH 100 MM ee Tommuna cocTaBUT cooTBeTCTBeHHO 0,7 MM; 1,0 MM 1 1,4 MM
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Kak BHIHO u3 TAaO/MIIBI, IPH MOCTOSHHOM KOJIHMYECTBE BOJIOKHA B KOMITO3UTHOM
Matepuaie (B JaHHOM CITydae TIIOMIAjb €ro MONEPEYHOro CEYEHHs OCTAETC HEN3MEHHON
4,=170 MMZ) paspyLiaoias Harpy3ka u TpeJenbHas Ae(opMalys OTITHYAloTCs BCEro Ha
HECKONTBKO ~ TMPOLCHTOB  HM3-3a  BO3pPAacTaHWs IUIOLIAJM  TIONEPEYHOr0  CEUCHHs
OTBEPXKIAOLIETO MOJMMEPA. DTO OOCTOSTEBCTBO OCOOEHHO BAXHO YUMTHIBATH IIPH
MPOCKTHPOBAHNK YCHJICHHS KOMMO3WTHBIMH MaTepHajlaMK HEMOCPEICTBEHHO Ha MecTe
mpou3BoACTBa padoT. IIpy pacueTe mapaMeTpoB YCHICHHMS MPUHUMAIOTCS BO BHUMAaHWE
TOJIBKO IUIOIIAAb TIOTICPEUHOTO CEUCHHS M MEXaHMYECKUE CBOMCTBA BOJIOKOH, a HE Beel
CHCTEMBI B LICTIOM.

BriGop THIIA KOMOO3WTHOTO MaTepHana mjisl YCUICHHS ONMpPEIENseTCs YCIOBUSIMH
OKCIUTyaTallid ¥ HA3HAYEHWEM  YCWIMBAacMOH KOHCTpyKumu. IIpoYHOCTHBIE U
JeopMalmoOHHEIE CBOWCTBA XOJICTOBBIX KOMIIO3UTHBIX MATEPUATIOB  OMPEACIISIOTCS
TUIIOM TPUMEHSEMOIO BOJIOKHA M €r0 paclojIOoKEHUEM B MaTepuale — OIHO- HIH
JIBYHAITPABICHHEIM. [IpH JBYHANPABICHHOM PacHoNokeHUH O0OBbIYHO 70% BOJOKOH
pacmonaraioTcss B HANpPaBlNE€HUU, B KOTOPOM IIPEANOAracrcs ACHCTBHE OCHOBHOIO
BHEWHEro ycunus, U 30% — B MONEPEYHOM HanpasjieHuH. TIpu 3TOM IPOYHOCTH TAKOIO
Marepuana B OCHOBHOM HANPABICHHUM 3HAYMTENBHO CHHMKaeTcs. TONILMHA XOJNCTOBBIX
matepuanoB cocraisgeT okono 0,1 mm, a mmpuHa 300 MM u OGonee. CpaBHUTENBHASA
XapaKTepPHUCTHKA XOJICTOBBIX MaTepPHATIOB PasMIHBIX (HPM-TIPOM3BOAMTENEH MpHBEACHA
B Talmure 4.

B mpoaonsHOM HaNpaBleHUH AOCTHIAKOTCS BBICOKHE MPOYHOCT M SKECTKOCTh
KOMIIO3UTHOTO Marepraja, IpUMEpHO, 10 65% OT BeIHMIHH, IPUBEACHHBIX B Tabnule 4. B
JaMHMHAaTax [OJABJAIONICE KOJMYECTBO BOJOKOH —paclojiaractcsi B MPOAOTBHOM
HaIPaBJICHUM, a B IIONEPEYHOM HAIpPABICHUM NPOUYHOCTh Marepuana 3HAYUTESILHO
MeHblue. T100Ch M3roTaBIMBAOTCS TOMIIUHON 1-2 MM ¥ mHpHHON 00bI9HO 50—150 MM.
CpaBHUTENbHAS XapaKTEPHCTHKA JJAMHHATOB TIPUBEACHA B TAOIMLE 5.

Tak xaK OTBEP;KACHUE BOJNIOKOH B MOIUMEPE SBJIETCS AIUTEIBHBIM IIPOLIECCOM, TO
BO3MOXXHO W3TOTOBJICHHWE JaMuHata Oombmiof miuHbl. OHu  QopmyroTcs B OyXTHI
JUAaMETPOM OKOJIO OJHOTO METPA M B TAKOM BUJE NOCTABIIAIOTCSA HA CTPOUIUIOIIAAKY, TAe

JIETKO PEeXKyTCs Ha MOJIOCH HEOOXOAUMOM ATHHBbI.
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TTomocsr  moryT

MatepuayioB. OTOT  ¢rnocod

ABTOMOOMWILHON MPOMBIIIIEHHOCTSIX.

O, MIa

4000

3000
2000
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U3rOTAaBJIMBATHECA H U3

pacnpocTpaHeH
v.’ tc
- 100 07 Vr
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= 70 1,0 °
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nomy padpukaroB

B a3POKOCMMUYECKOH

- cofepkanue ponokna B KMO, %

-tonmuna KM®, mm

Pucynok 3 — JlnarpamMmma «HanpsbkeHue-aehopMarysy py pasIudHOM MPOLEHTHOM

coaep KaHuK BONOKOH B KM@
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Tab6auna 4 — CpaBHHTEIIBHBIE XaPAKTEPUCTUKU XOJICTOBBIX MAaTEPHATIOB

ITpoynocts

Toprosas Tun Ha Mo,ugg:ﬂ Bec, Tommuua*, Mupuna,
Mapka BOJIOKHA PacTsDKCHHE, prry11:[ ? /™M MM MM
a
MIla
S&Pzi ()Sheet yriepoa 3800 240 200,300 0.117,0.176 150,300
S&p 63 OSheet yIepoa 2650 640 400 0.19,0.235 300
S&p 11; OSheet apamu 2900 120 300 0.2
S&PG Sheet | oo 1700 65 350 0.135 320
AR
Sika Wrap
Hex 230C yIIepox 3500 230 230 0.13 610
Sika Wrap
How 1000 CTeKo 2250 70 840 1270
Torayca 100,250,
UT7050 yriaepos 4090 230 200 0.111 500.1000
Torayca 100,250
UT70-30 yTaepox 4220 235 300 0.167 500,1000
Replark VIIepon 3400 230 200 0.111,0.167 25263030’
Replark JTAEPOR 2900 390 300 0.165 25(5)63030’
Replark — 1900 640 300 0.143 2050,
Mbrace Tow
Sheet yTaAEPOa 3550 235 300 0.11,0.165 500
Mbrace Tow
3000 .
Sheet VIIEPOA 380 300 0.165 500
Mbrace Tow | 106 1550 74 015 0.118 500
Sheet
DML 150,300 300,500
Composites yrepoa 4900 230 900 1500
DML 200,250
3400 >
Composites CTEKTIO 70 1200 350,500
DML apamuz 2800 115 200,300 340
Composites
100,300,
Kevlar® SRS | apamuzx 2100 120 280,420 0.193,0.286 500
Fosroc C 120 VTACPOL, 2300 230 200 0.111
Fosroc C 530 VIIIEPOa 2300 375 300 0.166
Tyfo SCH-41 |  yraepox 3803 2277 750 0.417
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Tabnuua 5 — CpaBHUTENBHBIC XaPAKTEPUCTUKH YIIICPOJHBIX KOMIO3UTHEIX MaTEPHAJIOB
(mamMuHATOB)

Toprosas mapka Hagiz:;g;e’ yg:nggg:ﬂ) TonumHa, IMupuna,
MIla ITa MM MM
S&P Clever Reinforcement 2600 150 12,14 50, 80, 100
S&P Clever Reinforcement 2600 200 1,4 10, 50, 80, 100, 120
Sika Carbodur S 3050 165 12,14 | % 60,8090 100,120,
Sika Carbodur M 2900 210 14 60, 90, 100
Sika Carbodur H 1450 300 1,4 50
Enforce 2200—2500 165 12,1,4,2,1 | 10,50, 80,90, 100, 120
Enforce 2200—2500 210 12,1,4,2,1 |50,80,90, 100, 120, 150
Tyfo C-H 2281 200 1,4 -
DML Composites 2100 140 zo 30 a0 1400
DML Composites 1400 360 71030 a0 1400
Mapei Carboplate E 170 3100 170 1.4 50, 100, 150
Mapei Carboplate E250 2500 250 1,4 50, 100, 150

Takue momocsl OOBIYHO COXEPXKAT OKOJO 55% BOJIOKOH B MPOJOIEHOM
HarpaByieHUd ¥ 10% BOJIOKOH, PACIIONOXKEHHBIX MOJA YIIOM 45° K NMpOJONBHOH OCH.
ITos0CE! M3rOTaBNUMBAIOTCS UTMHOM 10 12 MeTpoB, WKMpHHON 10 1,25 MeTpa U TONLIMHOR
710 30 MM.

B I'epmanuu u Jlaruu [19] U3rotaBiIMBarOTCs MOJIOCHI KOMIIO3UTHOIO MaTepuaa
L-o6pasHoii (hopMBl 71 TIOBBIIICHWS HECYIIEH CIOCOOHOCTH  KENE300CTOHHBIX
KOHCTPYKLUH Ha [OeHCTBHE TMOMEPEYHON CWIbI U JUIl AHKEPOBKU YCHIIMBAOLIUX
DIIEMEHTOB.
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3.3 HpenBapuTeﬂbﬂo HAMPHAKCHHbIC KOMIIO3HTHBIC MATCPHAJIbI

B HEKOTOPHIX Clydasx JUTS YCHIICHUS JKENe300€TOHHBIX KOHCTPYKIUiT BO3MOXKHO
HCIIONIB30BAHAE  TIPEABAPHTEIBHO  HANPKEHHBIX — KOMIO3UTHBIX — MaTepHaIoB.
Teoperuueckas Gaza id WX TpuMeHeHWs Obima paspaborana T.C. Triantafillou, M.
Deuring u apyrumu 3apyGexupiMu yueHsiME [20, 21]. IIpuMeHeHuME OpeABAPUTEIBHO
HAMPsHKEHHBIX MOJIOC KOMITO3WTHOTO MaTepraia MMEET CICAYIOINE TPENMYIIECTBA:

- obecmieunBaercsa Oonee >KECTKOS NOBEACHUE OETOHA CXATOH 30HBI CEUCHUS
HEMOCPEACTBEHHO TOC/E YCHICHHS, YBEIMYWBAs TEM CaMbIM MOMEHT COTPOTHBIICHHS
CEUCHUS] YCHITHBAEMOI KOHCTPYKIUH,

- 3aMeyIAeTCs 00pa30BaHNe HAKJIOHHBIX TPCIIMH B TIPHOTIOPHOM 9acTH YCHIICHHON
KOHCTPYKIIMH, a B CJIydac 00pa30BaHMs TPEIIMH YMEHbLIACTCS BEIMYMHA UX PACKPLITUSL.
JlaHHOE OOCTOATENBCTBO UIPaeT CYIIECTBEHHYIO PONb B OOECICUECHHH KAIECTBEHHOTO
CLIEIUICHHS KOMITO3UTHOTO MaTrepraia ¢ OETOHOM;

- yOydluaercs OKCIUIyaTAllHOHHOE COCTOSHHE YCHJIMBAGMOW KOHCTPYKIHH
6arogaps MEHBIEMY TPEIIHHOOOPA30BAHUIO,

- HeoOXoIQMMasi CTeNCHb YCWICHHS KOHCTPYKLUAM NOCTHrAeTCs MPHMEHEHHEM
MOJIOC KOMIIO3WUTHOTO Mareprajia MEHbBIIeH IUIOMAAd IIONEPEYHOT0 CEUeHUs o
CPABHEHHUIO C HEHANPSHKCHHBIMK MATEPHUATIAMH,

- TIpA COOTBETCTBYIOIEH aHKEPOBKE KOHIIEBBIX YYACTKOB MPUKIECHHOTO
[MPETHAIPSDKEHHOTO KOMIIO3UTHOTO MaTepraia MOXHO H30€XKaTh €ro OTCIOCHHA OT
YCUJIMBAEMOM KOHCTPYKIMH W3-332 BO3HUKHOBEHHS HAKJIOHHBIX TPELIHH HA MPUOMOPHBIX
yUacTKax;

- B Cly4ae TIPUMEHEHHS TPEIHANPSHKEHHBIX KOMIO3UTHBEIX MAaTEpUaioB
HelTpanbHas OCh CEYCHHS DJJIEMEHTA OYAeT pachoiaratbCs HIDKE, YTO TIOBBILIACT
3((eKTUBHOCTH PabOTHI CEUSHUS KOHCTPYKIIUH,

- npeananpsokeHne KM® 3HAYHTENBHO YBENWMYWBAET JOMYCTHMYIO HArpy3Ky Ha
KeNe300€TOHHYI0 KOHCTPYKIHUIO, IPH KOTOPOit BHYTpeHHss paboyast apMarypa HauYuHACT

HUCHOBITHIBATH INIACTUYCCKHAC I[C(I)OpMaLII/II/I.
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Konraktnoe Hatuuk MMonoca mamuuara

N\

CTpOHCTBO \
yeTp KourakTthoe

TEMIEpaTy phl

ycTpoicTBO

Hctounuk snepruu

OHTPONBHO

cTpoiicTRO

PrcyHok 4 — YerpolicTBo HarpeBa npu NpvKJICHBAHWHN JIAMUHATA

K HemocratkaM TNpPUMEHEHHS NPEAHANPSKEHHBIX KOMIIO3UTHBIX MaTepHasioB
MOYHO OTHECTH:

- YBEIMYEHHE CTOUMOCTH U TPYAOEMKOCTH PaboT 10 YCHICHHIO W3-3a YCIOKHEHHS
TeXHOJIOruH paboT U MPUMEHEHHS IOTIOTHUTEILHOTO 000Dy I0BAHKS,

- YBENMYEHHE MPOAOIDKUTCILHOCTH paboT MO YCHICHAI) CTPOUTENBHBIX
KOHCTPYKIIMIA,

- HaTSHKEHHE TI0JIOChl KOMIIO3UTHOIO MaTepHaia JIO/DKHO OCYLUECTBIATHCS 0 TEX
Top, TIOKA KISt COCTaB He HadepeT A0CTATOYHOM MPOYHOCTH.

CXeMaTHYHO YCHJICHUE >KEJIE300€TOHHOM KOHCTPYKIMU MpeJHANPSLKCHHBIME
MIOJIOCAMHU KOMITIO3UTHOTO MaTepuala NpHBEICHO Ha PHCYHKE 5.

Heo6Xx0uM0O OTMETUTD, YTO BBICOKAsA CTENEHB MPEIHANMPSHKCHHUS TPUKIEUBAEMOIO
KOMIIO3UTHOTO MaTePHAJIa MOXKET MIPUBECTH K 3HAUUTEIIBHBIM CIBHIOBBIM HAPSKEHHIM B
OeToHe, OCOOEHHO Ha yd4acTKaX, pacmoNIOKCHHBIX Hajx koHuaMup KM®. 3to
00CTOATENLCTBO HEOOXOAUMO YUMTHIBATH IPH HPOEKTUPOBAHUM CHCTEMBL YCUIICHHS.
Ilposenennbie ucmbiTanus [20] IMOKaszaid, 9TO pa3pylleHHMe OETOHA MOJ KOHLEBBIMH

yuacTkamu KM® nporcXO|T yKe IPH YPOBHE HPETHANPHKEHAS 5 — 6 % OT MPOYHOCTH
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KOMIIO3UTHOIO MaTepHajia Ha pacTskeHWe. B TO ke BpeMs M € TEXHHYECKOH H C
SKOHOMHMYECKOH TOYKHM 3peHHs [/ TONYYEHHs IPEHMYINECTB, CBA3aHHBIX C
HCMOJTb30BAaHHEM TIPSHAMPSKEHHBIX KOMITO3UTHEIX MaTEPUAIOB, HX YPOBEHb HATSKEHUS
JIOJDKEH COCTaBNATh NpUMEpHO 50% OT MPOYHOCTH HA PACTSDKEHHE, TO €CTh OBITh Ha
nopsnok Beimie. Tako# ypomeHb mpexHanpsbkeHns KME® 6e3 paspymenus GeToHa Han
KOHIICBEIMH y9acTKaM¥ KOMIIO3UTHOTO MaTepHaia MOXET OBITh JOCTHTHYT TONBKO TIPH
HCIOB30BAHNN CIIENUANEHEIX CIOCOOOB AHKEPOBKH, 3AKITIOUAIOIINXCS B BEPTHKATEHOM
OXBaTBIBAHWY IPHKIICCHHOM 1T010¢E! KM@ X0NCTOBBIME KOMIIO3UTHEIMA MaTepHaTaMH.
Yuusepcurerom 1. ©pubypr (Llselinapusi) ObTM TPOBENCHBl CPABHUTEIHHEIE
UCIBITAHUS UYETHIPEX THIIOB JKENE300€TOHHBIX OAloK MpoieToM 6 M, MHUPHHOM 1 M H
BeicoToit 0,22 M. Bee Oanku ObUIM apMHpPOBAaHBI B PacTSIHYTOH 30HE INECTHIO
IOPOAONBHEIMA CTCPXKHSAMH JUaMETpOM 12 MM, XOMYThl IONEPEYHONM apMaTypsl
IMaMeTPoM 8 MM ycTaHaBIMBATKCH ¢ maroM 150 mm. Cxema ucnbITaHui 00pa3IioB U UX
rEOMETPUUECKUEe TMMapaMeTpel IpeAcTaBleHbl Ha pucyHke 6. Tlepeblii  o6pazen
(CoTOCTaBUTENbHBIM) TPEACTABIAT coO0H OORKHOBEHHYIO JKeNe300eToHRYI0 Oanky. Tpu
crenyromux odpasiia ObLTH YCHIIEHB! MO Beel umMHe AByMs mojiocamu jamunara CFK
150/2000 ¢upmer S&P. [lupuna nojockl taMuHara b, = 80mM, Tonmuna £, = 1,2 MM. [pu
3TOM 2-ii oOpaselt O YCHIICH HEHANPSDKEHHBIMH T0JI0CaMH, 3-i OBLT peAHANpPSDKEH HA
BenmunHy 640 MITa ¢ ymmuernem 4,0%g um 4-i — HanpsxenusmMu 960 Mlla c
ymnenrem 6,0%. Pe3ymbTaThl HCTBITAHEH 0GPA3IOB MPEJACTABIEHH B Tabmuue 6 u

MPHUBE/ICHBI HA PUCYHKE 7.
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Tabnuua 6 — Pe3ynsrarsl UCTIBITAHAN OAJIOK HA U3THO

Ne o6pasua Pasp.Harp., kH Pasp.mom, kH m Pazp. mom., %
LCl 16.4 82.6 100
LC2 CFK 24.0 1094 132
LP3 CFK 4%y 353 150.1 182
LP4 CFK 6"/5 37.9 1594 193
P /BC'I.‘OH

a)

B)

Pucynok 5 — CxeMa IpUMEHEHU IIPEeHANPKEHHBIX 110710 KMO:

a) mpeAHANpPsDKEHHBIE, 0) NPUKJICMBAHKE, B) AHKEPOBKA
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Pucynok 6 — Cxema npoBeIeHAs HCTIBITAHMIA
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Pucynok 7 — Pe3ynbrarsl HCITBITAaHUH Oaok

Kak cremyer w3 TaOnWipl, OpUMCHEHME Ml YCHJICHHs Oankkm Jaxke
HENPEIHANPHKCHHOTO JITAMHHATA YBEIIMYMIIO €€ HECyIlylo chocoOHOcTh Ha 32%, a
HCIONB30BAHNE TPEAHANPSHKCHHBIX  TOJIOC JIAMHHATA € PasiiM4HOi  CTENEHBIo
TPEHATIPSHKECHUS TIO3BOJIMIIO YBEIMYUTh Pa3pyLIArOmuil n3ruOatoumii MoMeHT Ha 82% u
93%, COOTBETCTBEHHO. cronb30BaHHE MpeAHANPDKEHHBIX KOMIIO3HTHBIX MATEPHAIIOB
IUTS YCHIIEHHS JKENe300€TOHHBIX OSJIEMEHTOB YMEHBINACT HPOTHOBI KOHCTPYKIMH W
TOBBHILIACT €€ TPEMUHOCTONKOCTh., IIpUMeHEeHHWe MNpEeAHANPLKEHHBIX KOMIIO3UTHBIX
MarepuayioB  0coOeHHO 3P(EKTHBHO i yCWiICHHS OOJBIIENPOJIETHBEIX MOCTOBBIX
KOHCTPYKUIMI{ 0pM  BO3pacTaHUM  WHTCHCUBHOCTH  [ABWXKCHMA WIM  KOPPO3UH
CYLIECTBYIOMIMX OETOHA MM apMaTypEbL

[peananpsuKCHAE KOMIIO3UTHOTO MAaTepHaia TPH YCUJIEHHH KOINOHH (AKTHBHOE
OXBAaTHIBAIOIIICE YCWJICHWE C CO3NAHHMEM OOBEMHOTO HANPSHKEHHOTO COCTOSHHS B
MaTepraie yCUIMBAEMON KOHCTPYKIMK) JOCTUTAacTCsl IyTEM HATsHKEHHs €ro Ha yIophl B
nporecce oOMaThIBaHKs KOJOHHBI WJIM IPUMEHEHHEM OOBIYHBIX 000HM KOMIIO3HTHBIX
MAaTepHAIOB B COUETAHUM C MCMOIb30BAHUEM PACIIKMPSIOIIETOCS CTPOUTEIBHOTO PacTBOPa

WM STIOKCH/IA, HAHETAEMBIX B TIPOCTPAHCTBO MEXIY KOJIOHHOM 1 060HMOi.
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3.4 YcTaHOBKA KOMIIO3UTHBIX MATEPHAJIOB B Ma3ax

OmHAM W3 IEPCHEKTWBHBIX HANpPAaBACHMH HCIONB30BAHMAS  KOMITO3MTHBIX
MaTepHaioB s YCHICHHUS CTPOUTEIIBHBIX KOHCTPYKIM SIBSETCSA HE IPUKIEMBAHNE UX K
TOBEPXHOCTH O€TOHA, a YCTAHOBKA IIOJNOC JIAMHHATA B CIEHHAIBHO IOATOTOBIEHHBIE
mesm vt masel (pucyHok 8). BlaschkoM. u ZilchK. [22] 6611 NpoBEACHBL HCCIEA0BAHUS
paboraroix Ha M3rMO Oanok, YCHIEHHBIX TakuM o0Opa3oM. lcmonp3oBaHHE IMOJIOC
TaMHUHATa B [1a3axX 3HAUUTENIFHO YBEIHUIHUBACT MX CLEIUIEHHE ¢ OETOHOM IO CPABHEHUIO C
mpukinerBanieM KM® k OeToHHOM NOBEpXHOCTH. Bo3pacTaroT pacTArHBAIOMIME
HaIpsDKEHUS B JlaMUHaTe U 0oJiee MOJTHO MCMONb3yeTcss paboTa OeTOHA CXKATOH 30HBI
[ToMIMO 3TOT0, B IIa3aX KOMIIO3UTHBIE MaTepHaIIbl 3AUIMIIEHE! 0T BHEIIHAX BO3ACHCTBHIA.

Ha pucyHke 9 npuBeneHB! ceueHus OaloK, YCUICHHBIX MON0CAaMH JTaMHUHATA, MTPU
MX WCIBITAHWSIX Ha M3rm0, a Ha pucyHke 10 pe3ynbTarsl ucnbiTaHuil. J[miHAa Kaxknoii
Oank; cocTaBmsia 2,5 M, Kaxgad Oanka 3arpykajgach COCPEJOTOYCHHOH CHIION,
IIPUITO’KEHHOM B cepelrHe mponeTa. Jnd yeuneHns 6anok UCTONb30BANICS KOMITO3HTHBIA
MaTepHan Ha OCHOBE YITIEpOAHBIX BOJIoKOH KM®Y mmpunoit b, = 50 MM U TOJIIMHOA 7, =
1,2 MM (ttomane KM®Y cocrasnsier A, = 50 - 1,2 = 60 MMZ). Jliig Toro, 4roOsl TUIOIATb
KOMIO3UTHOTO MaTeprajia OCTaBajiach HEM3MEHHOI TMPU €r0 UCIONB30BaHUU B Ma3ax, OH
paspesajics 0 JUIMHE Ha ABE NOJIOCH! IIUPUHON 25 MM KaKaasi, KOTOPbIE U 3aKPEIUISIIUCh
B C(OPMHUPOBAHHBIX MOJOCTSIX.

ITpu ucnwiTanusx Oanox Al m Bl (momoca KMOY mpukneeHa K BHEIIHEH
MIOBEPXHOCTH O€TOHA) paspyIIeHHE KOHCTPYKIMM HACTYMAjO0 BCJIEACTBHE OTCIOCHUS
namuHaTa oT OetoHa. [Ipw mcnblTaHuM Oanku A2 paspyllieHuHe JTaMHHATa MPOM30LLIO B
LIENH MOJ, JeHCTBHEM PacTATMBAIONMX HampsokeHWH. B Oanke B2 n3-3a HE3HAUMTETBHOTO
MONEPEYHOT0 APMUPOBAHUS paspyllieHrne OCTOHA TMPOM30ULIO I0J BO3ACHCTBHEM
TTOTIEPEYHBIX CHIT.

ITo pesynbTatam ucnsiTanuii 6anox cepum A (pucyHok 10, a) MOXKHO CIETaTh
BBIBOJ O TOM, 4TO NPH pPACMOJOKCHHM JaMHMHATa B Ma3ax pa3pymiaromas Harpys3ka
yBenuuuBaeTcs 6onee yeM B ABa pasa (¢ 12 kH-m o 26 kH-m). B mepByro ouepenp, 310

BEI3BaHO Oo0Jiee TMOJHBIM HCIOJIB30BAHHEM NPOYHOCTH KOMIIO3UTHOIO MaT€pualia Ha
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pactsxenue. Mceneitanus Ganok cepuu B (pucynok 10, 6) MoKasplBarOT aHAJIOTUYHYIO

KapTuHy aeOopMUPOBaHUs 1O HArpy3Koii. Pa3pyiatoinas Harpy3ka coctapuia 52 kH-u.
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PucyHok 8 —YcuneHue xene300eTOHHBIX KOJIOHH ycTaHoBkoH KM@Y B massl
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Pucynok 9 — CpaBHUTENIBHBIC CEUECHUS UCIIBITYEMBIX OAIOK
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28,00+

M3ruGatoLmii MOMEHT B

o\

M3rubatoLnii MOMEHT B

PucyHok 10 - CpaBHWUTeNbHble pe3ynbTaTbl UCMNbITAHUI 6anok cepuii A n B
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4 TIpoexTHpPOBaHNE YCHJICHUS H3rH0AEMBbIX KeJ1e300eTOHHBIX KOHCTPYKIuii
4.1 OcHOBHBIC TIOJIOXKEHAS MPOCKTHPOBAHMA

ITpoekTrpoBaHNE BCEX CTPOWTEIBHBIX KOHCTPYKLMI CBA3aHO B MEPBYIO OYEPEND €
obecneueHreM MX HazgexxHoctd, ompeaensemoii 'OCT 27751 kak uxX crmocoGHOCTB
COXPaHATh 33/IaHHBIE JKCIUIyaTAllMOHHBIE KAuecTBA B TEYCHHE OINPEAETICHHOIO CpOKa
cyxObl. CTPOUTENbHBIE KOHCTPYKIMHU CIEIYeT PAcCUMTHIBATH IO METOAY NPEACIbHBIX
COCTOSIHH, OCHOBHBIE ITOJIOKEHHMS KOTOPOTO JOJDKHEI GBITH HANPABJICHBI HA 00ecneYeHne
6e30TKa3HOW paboTHl KOHCTPYKIHI C Y4YeTOM H3MEHYMBOCTH CBOWCTB MAaTepUAIOB,
Harpy30K M BO3JCHCTBHI, F€OMETPHYCCKUX XAPAKTCPUCTUK KOHCTPYKUMH, YCIOBUMA UX
paboTHl, a TaKKe CTCTIEHW OTBETCTBEHHOCTH TIPOEKTUPYEMBIX (PEMOHTHPYEMBIX)
OOBEKTOB, ONPEREIIEMOii MATEPHATIFHEIM M COLMAIBHBIM YIEPOOM MPH HAPYIICHHH MX
paboToCIOCOGHOCTH.

OnmHaKo KOMMYECTBO aBAPUAHBIX M KATACTPO(HUYECKUX CUTYalUid, IPOCTO OTKA30B
IIPY JKCIIIyaTallii MPOMBIIUIEHHBIX W IPAKIAHCKUX 3JAHUH, MIDKEHEPHBIX COOPYKEHHIHA,
MOCTOB W TOHHEJEH, MOA3EMHBIX COOPY)KEHMH Ppa3slMYHOTO HA3HAYECHUA IPOJOIDKAET
YBENMUUBATECSA. Bo3pacTaeT KOMMYECTBO OOBEKTOB, MOMIEKALIMX HE3AIUIaHUPOBAHHOMY,
MPEKICBPEMEHHOMY PEMOHTY. TaKyi0 CHTYalui0 MOKHO OOBACHUTH WJIN OLUMOKAMH IIpU
[POEKTUPOBAHMM WIIM WJACANM3ALUEH HCXOINHBIX IPEIIOCHUIOK pacyeTa M PacYeTHHIX
CXEM, 4acTo c1ab0 OTpaKaroUMX AeHCTBUTENBHBIE YCIOBUS IKCILTYaTallMy COOPYKEHUSL.

Bmecte ¢ Tem, Beaymiel KOHLEMIMEH, Ha OCHOBE KOTOPOH JOJDKHA pELIaThCs
3a/1a4a TMOBBINCHAS HAJISKHOCTH CTPOMTENBHBIX KOHCTPYKIIHIA Ha COBPEMEHHOM 3Talle UX
pa3BUTHS, SABISETCS CHCTEMHOCTh. CHCTEMBI 00€CICUECHHS HANEKHOCTH, COCTaBIssA
BaXHEHMIITYIO 9aCTh CHCTEMBI 00eCTIeYeHNs Ka4eCTBa, OXBATHIBAIOT BECH KM3HEHHBIH LUK
mo0Oro HHXKEHEPHOIO COOPYXEHHS — OT IOJNY4eHHS MCXOIHBIX MJAaHHBIX UL
MPOSKTHPOBAHHS, Pa3pabOTKX COOTBETCTBYIOMMX METOMK TIPOEKTHPOBAHHMS, COOCTBEHHO
MPOCKTUPOBAHUS COOPYXXCHWS M OTHENbHBIX €ro 4YacTeii A0 CTpPOMTENBCTBA H
skciuTyarami. OJIHAKO HAKOIJIEHHE CTATUCTHUYECKHX AAaHHBIX 00 OTKa3ax paslM4YHbIX
WH)KCHEPHBIX COOPY>KCHW# TOKa3aj0, YTO OTKa3bl MNPOMCXOAIT KaKk B HEPHOA

Ha3HAYEHHOTO CPOKA CIY>KOBI, Tak U 3a €ro MpeJciaMH.
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Takum 00pa3oMm, B JaHHO# paboTe MOHATHE «CHCTEMA» PACCMATPHUBAETCS JBOSKO.
Bo-nepBbIx, cucTeMa Kak psii MOCIECAOBATEIbHO CMEHSIOMMX W BBITCKANOIAX APYT U3
Ipyra O3TamoB CYHIECTBOBAHWS WHXKEHEPHOTO COOpPY>KeHHS (MTPOCKTHPOBAHHE —
CTPOUTENBCTBO — OJKCIUIyaraluus — JWarHOCTHKA — NPOCKTHUPOBAHUE PEMOHTA WIIU
YCUIICHUST — PEMOHT M YCWJICHHEC — JAajbHEHInas SKCIulyataiyss ¢ MOHMTOPUHIOM
COCTOSIHUSI KOHCTPYKIMHM). Bce 5TM 3Tambl CyIIECTBOBaHMS WH)KEHEPHOTO COOPYKEHHS
TECHO B3aUMOCBSI3aHEI BO BDEMCHHU.

Bo-BTOphIX, cHCTEMa NPpPEACTaBIsICT €000 MHOMKECTBO —B3aMMOCBSI3AHHBIX
KOMITOHEHTOB, PYHKIMOHUPYIOLIMX JUIS IOCTHXKEHUS Kakoi-iubo nenu. B oOmiem ciyyae
MBI WMEEM MPUPOJHO-UCKYCCTBEHHYIO CHCTEMY «OKpy>X<amomas (BHEIIHAS Cpenaa),
BKJTIOYANOIIAs B CeOsl M3MEHSIOIIMECS BO BPEMEHHM CHJIOBBIC HAIPY3KM M BO3ACHCTBHSA,
arpecCHBHOE BO3ICHCTBHE HA CTPOUTEIILHBIE KOHCTPYKIUH, TEMIIEPATYPHO-BIAKHOCTHBII
pexxuM — OETOH W apMaTypa MMEIONICHCs! KOHCTPYKIIMM — PEMOHTHBIH COCTaB — KIIESIIHi
COCTaB — MaTepyal YCWICHU). OTH B3aNMOCBI3aHHBIC KOMITIOHEHTHI 001a1atoT o0muMu
CBOMCTBAMHU CUCTEMBL:

- CBOMCTBA M MOBEACHUE KAKAOIO KOMIIOHCHTA OKA3bIBAKOT BO3JICHCTBHE HA
CBOICTBA M NIOBEJAECHNUE BCEH CUCTEMBI B LIEJIOM;

- CBOMCTBA U NOBEIEHUE KKIOIO KOMIIOHEHTA 3aBHCAT OT CBOMCTB U MOBEACHUS,
0 KpaitHel Mepe, eme 0OHOr0 KOMIIOHEHTA JAHHOH CUCTEMBEI,

- K&KI0€ BO3MOXKHOE MOIMHOKECTBO KOMIIOHEHTOB CHCTEMBI OONAfacT ABYMs
CBOICTBaMU, IPUBEACHHBIMHU BhIIIE. KOMIIOHEHTHI HENB3A IOAPA3IE/IUTE HA HE3ABUCAMBIE
MIOAMHOXKECTBA.

TIepeuucieHHbIE BBINIE CBOWCTBA SABIAKTCS TapaHTUEH TOrO, YTO MHOMKECTBO
KOMIIOHEHTOB, 0OpasylOLIUX CHCTEMYy, Bcerza oOnamaeT HEKOeH XapaKTepHCTUKOM,
KOTOPOif HEe 00JafaeT HU OJHO M3 BXOMSIINX B HETO MOAMHOXKECTB. Jlaske KOTaa KaKIbIit
3JIEMEHT CUCTEMBI (PYHKIMOHUPYET MPAKTAYECKHA UACATBHO, BCS CUCTEMA B IIETIOM MOXKET
(YHKIMOHMPOBATH JAIEKO HE B ONTUMAIBHOM PEXUME. OTO IOJIIOKEHHE OTPaKaeT TOT
dakt, 4yTo cymMMapHoe (YHKIHOHMPOBAHUE OTAECIBHBIX KOMIIOHEHTOB CHCTEMBI PEIKO
OKa3BIBAETCS PaBHBIM (DYHKIMOHHPOBAHUIO CHCTEMBI B IIETIOM. TO €CTh B CHCTEME IIENIOE

MpeACTaBIIsieT c000 HEITO OOMBIIEE, 9€M IPOCTO CYMMY BXOMSIIHUX B HE€ KOMIIOHEHTOB.
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IosToMy HaOIIFOMAETCS YCTONYMBO pacTyInas MOTPeOHOCTh B pa3pabOTKE METOAOB
CHCTEMHOTO OOCy)KHBAHHS K&KIOr0 KOHKPETHOTO CTPOHMTENBHOIO OOBEKTa MO €ro
(paKTUIECKOMY COCTOSIHUIO.

Hcnonb30Banie CUCTEMHOTO MOAXOAA HEOOXOAMMO I YCIEITHOW pa3paboTKH
TEXHOJIOTUH U BBHIOOpA MaTepuaiIa Il PEMOHTA U YCWICHUS] CTPOUTEIBHON KOHCTPYKIMH.
Bre 3aBmcumoctn OT BBIGpa.HHBIX TCXHOJIOTHHM H MaTcpvanla YCHICHUA OJHHUM M3
OCHOBHBIX TpeOOBaHHH, NPEIBABISEMBIX K MHOTOKOMIIOHEHTHO! CHCTEME, SBIIETCA €€
CMOCOOHOCTh (DYHKIMOHMPOBATh KaK OHO IIENOE€ B TEUECHME 3aJaHHOTO IIPOMEXKYTKA
BpEMEHH. JTOTO MOXXHO JOOUTBCS TONBKO B Cloyyac OOecHedeHHs AOCTaTOYHOro
CHEIUICHUS MEXAY HAXOAAIMMMCS B JKCIUTyaTalud OETOHOM, PEMOHTHBIM COCTaBOM MU
BHEIIHEW apMaTypoll yCHIIeHHS M3 KOMIIO3UTHOro Marepuana. Ilomydaemas cocraBHas
KOHCTPYKIHS AOJDKHA (YHKIIMOHMPOBATh KaK IHHOE IEIoe.

ITpuMEPOM TaKOTO CHCTEMHOTO TIOOXOda K JMATHOCTHKE, MPOEKTHPOBAHHIO
PEMOHTA M YCHICHHS CTPOMTEIBHBIX KOHCTPYKIMMA, BEIMOJNHEHWIO paboT MO PEMOHTY M
VCHUIICHUIO, a4 TaKke IOCIEAYIONIEMY MOHMTOPHHTY  (JaKTHYECKIO  COCTOSHHS
CTPOHMTENBHON KOHCTPYKIMHM B TEPHOJ DSKCIUTyaTaIllid MOXET CIYXHThb OJIOK-CXeMa,
MpUBeNeHHAs Ha pucyHKe 11.

CrapefimiuM ~ METOIOM  TEOPUM  HANECKHOCTH, HECMOTPS Ha BCE  €ro
HCCOBCPIICHCTBA, OCTACTCA KOHCprKTI/IBHHﬁ BBIGOp CTaTHCTHYCCKUX 3aImacoOB MPOYHOCTH
Pa3IMUHBIX KOHCTPYKLMM, OCHOBAaHHBI Ha HCIIONH30BAaHHHM TapaMETPUUECKOit Mojenn
«IPOYHOCTH —HArpy3ka». HeoOX0AMMO OTMETHTD, YTO PYKOBOACTBA MO MPOSKTHPOBAHHIO
BHEIITHETO YCHJICHUS KeNIE300€TOHHBIX KOHCTPYKUMI KOMIO3HTHBIMU MarephaliaMd U
CTANbHBIME IDTACTHHAMH paspabotanel B BemukoOpuranmu, [epmanum, CIIIA,
[IIBetinapun u qpyrux cTpaHax.

OO6uuM 114 BCeX PYKOBOACTB SBJIICTCS PACHET CTPOMTENBHBIX KOHCTPYKIMI IO
JBYM IpyIIaM IIPEASIBHBIX COCTOSHUN. [lepBas rpymna npeaenbHbIX COCTOSHUM BEAET K
MOJNHOM HENPUTOJHOCTH K JKCIUTyaTallid KOHCTPYKIMH (3MaHUH WM COOPY)KEHHM B
LENTOM) WJIM K WX TOJIHOHM (JacTHHHOM) moTepe Hecyliel cnocoOHOCTH. B aHrimmiickom
A3BIKE 3TA FPyTINa MpeaebHbIX cocTosHMH HasbiBaeTes ULS — Ultimate Limit States.

Bropas rpymma BKIO9aeT B ceOsf IMpEACNbHbIE COCTOSIHHSA, 3aTPYyIHSIIOLIAEC
HOPMAJIBHYIO SKCIUTYaTalMi0 KOHCTPYKIMH WM YMEHBINAOIINE JOITOBEYHOCTD 3IaHui
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HIIA COOPYIKEHUI IO CPABHEHHMIO C IIPEIyCMATPUBAEMEIM CPOKOM CITYKOBI. B aHrmmiickoM
BapuanTe: SLS — Serviceability Limit States.

ITpenenbHBIE COCTOSHUS TIEPBOI TPYIIIBI XapaKTEPH3YIOTCSL:

- pa3pyLIeHHEM JIF000ro xapakTepa (IIacTU4ECKUM, XPYIKHM, YCTAIOCTHEIM),

- motepel ycTOMUMBOCTH (DOPMBI, NPHUBOIAIIEH K TOMHOM HETPUTOJHOCTH K
OKCIUTyaTaluu,

- TIoTepeit YCTONYNBOCTH TIOTIOKEHHUS,

- ICPEXO0M B UBMCHACMYIO CUCTEMY,

- KAYeCTBEHHBIM M3MEHEHUEM KOHHTY pariy,

- JIDYTUMH SABJICHUAMHU, IIPH KOTOPBIX BO3HUKACT HCOGXOZ[I/IMOCTL MPpEKpaAmCHUA
SKCIUTyaTaluy (4Ype3MepHBIe Ae(opMaril B pPe3ylbTaTe MON3Y4ECTH, MIACTHYHOCTH,

CIIBHI'a B COEIMHEHISX, PACKPBITHS TPELLKH, 4 TaKKe 00pa3oBaHHEM TPEIIHH).
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ObcnenoBanie u anami3 CyUecTBYIOWEH KOHCTIYKYH

Onpenenexve
TEOMETDUHECKHX
XAPAKTEPACTIN i

DEaNbHLIX CBOHCTB
marepuana

Céop u
onpeReneHe
HATPY30K

OujeHka Hecyuied
crocobrocTy
cyUIeCTBYIOLIEH
KOHCTPYKijin

AHBI1A3 COCTOARMA KOHCTLYKLMM U TDHHATUE PELUSHHR O €8 YCUNeHUA
(pemoHTe)

Pa3paboTia NPOeKTa YCUNIeHUA Uit PEMONTE KOHCTRYKLNH

Onpenenetine
HOBOU HBIDY3KH
HA YCUmBaeMyo
KOHETOVRLMIO 1t
ee gechopmaLiiv

Pacwer
XBPAKTEPHCTH
BHELIREro
APMUPOBAHNS FTO
! wn Il rpyanam
ApeqenbHbIX
COCTORHMUY

Paspabotia
u pacuer
Kpennena
{arkeposxn)
KORLEBbIX
yuacrkos
APMHPOBAHUA

Tpoextuposarne
TEXHOLIOT it
pabor fio
yennrermo
KOHCTDYK LM
uny ee
DPEMORTY

Buinontense paboT no yoHnenmo H KONTPOML KaYecTBa

KBannghuxatins
ROAPA[YAKS,
ceprugbikayna
UTP u pabowix

[lpoBepia
HANecTBa
HCTIOIL3YEMbIX
Matepuanos

Kontpons
Ka4ecTaa
Apou3BOACTES
pabor

flocneqyioi it MORMTOPHHT yCUITEHHOW KORCTDYKLNHN

Pucynok 11 — O6umit mopsaok BHIMOJHEHAS KOMIUIEKca padoT MO YCHIICHHIO (PEMOHTY)

CTPOHUTEIBHBIX KOHCTPYKLMI KOMIIO3UTHBIME MaTEpHAIAM K
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IIpenensHEIE COCTOAHHUS BTOPOH TPYIIBI XapPaKTEPH3YIOTCS

- JOCTIDKEHUEM IIPEIeTbHEIX AehopMariiii KOHCTPYKIHIA (IIPeAEbHBIX TPOTHOOB,
TTOBOPOTOB) MITH IIPEAEIBHEIX fedopMarmit OCHOBAHHS,

- JOCTIDKECHHAEM TIPEACIBHBIX YPOBHEH KO1e0aHUil KOHCTPYKIIHIA,

- 00pa3oBaHUEM TPELINH;

- TOCTIDKEHHEM NIPENETIbHBIX PACKPHITUHA WA JUIMH TPEIIHH,

- moTeped yCTOW4YMBOCTH (HOPMBI, NMPUBOJAIICH K 3aTPYAHEHHIO HOPMAJbHOMH
OKCILTyaTaluH,

- APYTUMH SIBICHWAMH, MPH KOTOPHIX BO3HMKACT HEOOXOIUMOCTb BPEMEHHOIO
OrpaHMyeHus] SKCIUTyaTalyy 34aHus MM COOPY)KEHHs M3-3a HETIPHEMIIEMOTO CHIDKCHHSA
CpoKa uX CIyObl (HarmpuMep, KOPPO3HOHHBIE MOBPEKIACHHS).

Pacuer no npeaenbHbIM COCTOAHUAM KOHCTPYKUMH B 1IEJIOM, @ TAKKE OTAECIBHBIX
€€ DIEMEHTOB W 4YacTed  BBINOJHAKT I BCEX OTAllOB.  M3TOTOBJICHHMS,
TPaHCHOPTUPOBAHMS, MOHTaKA, JKCIUIyaTallld, PEMOHTA, YCHIICHHS M JalbHEHIIeH
IKCILIYaTalyy.

Ilpp pacuete 1O NEPBOH TIpynme MPEACHBHBIX COCTOSHHME  CTpyKTypa

HOPMATHUBHEIX PACYETHHIX (DOPMYII MMECT BHA!

SZ (Pni: 'Yﬁ; \UI) < (DZ(Rm': Ai: Vvt I/YI; I/Yn) (3)
Ilo BTOpOI71 Tpynne mpeacibHbBIX COCTOSIHUH:
A<f, C))

rae

P,; — BHETITHAE HOPMATHBHBIC HATPY3KH W BO3CHCTBIS,

S — BHyTpeHHME ycwiusl (M3rHOArOIIUe U KPYTSAIIME MOMEHTHI, HOPMAJBHBIE U
TIOTIEPEYHEIE CHITHI ), Kak (YHKIINH HArPY30K W CHIIOBBIX BO3IEHCTBHIL,

¥ — K0O3(QULUHMEHTH HAAEKHOCTH TI0 HArPy3KaM;

Y7 — KOd(pUIMEHT codeTaHuii Harpy3ok; @ — Hecymas CIOCOOHOCTH B BHE
TPEIENBHO JOMYCTHMBEIX BHYTPCHHHX YCHUTHH Kak (QYHKUMH (PU3MKO-MEXaHHYECKUX
CBOMCTB MaTEPHAJIOB, COCTABIIAIOIINX KOHCTPYKLHIO (BKIHOYas KOMIO3UTHEIE MaTEPUAITBI
YCHIIEHNS) ¥ TEOMETPHIECKUX XapaKTEPUCTHK CEUCHHMIA;

R, — HOpMaTtuBHBEIE (M3UKO-MEXAHUYECKUE XApaKTEPUCTHKH MAaTE€PHalIoB,

BKJTFOYast MaTEPHAIIB] YCHIICHHUS,
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A; — TEOMETPHYECKAE XaPAKTEPUCTHKHA CCUCHMIA,

Ywi — K03 UIMEHTHI yCI0BUi pabOTH KOHCTPYKLIMIA,

¥r — K03 pULHEHTE HAIEKHOCTH 110 MATCPUATTY (B TOM YHCIIE IO KOMIIO3UTHOMY
MaTepHaily yCHJICHHUS) ;

Y — K03 hULMEHT HANEIKHOCTH IT0 HA3HAYCHWTO 3MAHHUS UM COOPYIKCHAS,

A — nepeMeeHus (porudkl, OCaaKH, YINbl NOBOPOTA, KOJIeOaHUS, PACKPBITHSL
TPEWMH H T. M.) Kak (QYHKUAM HArpy30K W BO3ACHCTBUH, AeopMAIMOHHBIX
XapaKTePUCTUK MATEPUATIOB ¥ FEOMETPHUESCKIX XapaKTEPUCTHK CEUCHHUIR,

f— TIPEACTIbHBIC HOPMATUBHBIC BEJTUIUHBI HCpeMGLHeHHfl, 0CaaoK, yIJIOB MOBOPOTa
1 00pa3oBaHUS WIN PACKPHITHS TPEIIVH,

D — 3HAK CYMMBHI 110 HHAEKCY [ [23,24].

IIpu onpeneneHUd HAarpy3oK Ha HKeNe300€TOHHBIE KOHCTPYKLMU HEOOXOAMMO
MOJI30BATHCS HOPMaMu U TipaBuiaMu, uanokeHHsiMu B CIT 63.13330, CI135.13330, CIIT
20.13330. Ilpi peMOHTE U YCHICHMM CTPOMTENLHBIX KOHCTPYyKuuil ocofoe BHUMaHue
Heo0XoauMo oOpaTUTh Ha yKa3aHMs MO PAcueTy W KOHCTPYMPOBAHHIO JKEJIe300€TOHHBIX
KOHCTPYKIMI ITPH PEKOHCTPYKINK 3[aHUI U COOPYXeHUMH, m3okeHHBIX B CIT 63.13330.

ITpu IPOCKTUPOBAHUM YCHIMBAEMBIX KEJ1€300€TOHHBIX KOHCTPYKIMIE HE00XO0UMO
00eceynTh BKIIOUEHHE B pabOTy 3JEMEHTOB YCWIEHHS W COBMECTHYIO WX paboTy ¢
yCHIHBaeMON KOHCTpyKmweld. JUI CHIBHO MOBPE&KICHHBIX KOHCTPYKUUH (IpH
paspymenund 50% u Gonee ceuenns 6eroHa wim 50% u Gonee WIOLUIAAN ceUeHUs pabouei
apMaTyphl) SJIEMEHTHl YCHJICHHS CIICyeT PACCYMTHIBATH HA MOJIHYIO HArpy3Ky, OPH 5TOM
yCHJIMBaeMasi KOHCTPYKLHS B PACUETE HE YUUTHIBACTCS.

IL1omaae monepevyHOro CeICHUsT apMaTyphl YCHINBAEMO# KOHCTPYKLHH CIEAYET
OMPEIENATh ¢ YIETOM (HaKTHIECKOTO YMEHBLICHUS B PE3yJbTaTe KOppo3ui. ApMarypa u3
BBICOKOIIPOYHOI NMPOBOJIOKA B pacueTax HE VUWTHIBACTCS MPH HAIHYME S3BCHHOH WM

MUTTUHTOBOH KOPpPO3HH, a TAK)KE €C/IM KOPPO3Us BbI3BaHa XJIOPUAAMH.
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4.2 HOpMaTHBHble H PacCYCTHBIC XAPAKTCPHCTHKHM KOMIO3UTHBIX

MATepHAJIOB

IIpu pacuere mapamMeTpPOB PEMOHTa M YCHIICHHS JKENE300€TOHHBIX KOHCTPYKIIFH
BOKHYIO PONb HWIPAOT HOPMATHBHEIE M PACUYECTHBIE COIPOTHBICHHA COCTaBJIAIOLIMX
KOHCTPYKLMIO 3J1EMEHTOB — OE€TOHA, CTANbHONW apMaTypsl M KOMIIO3HTHOTO Marepuana
yeuneHus. M ecnu no noBoay GeToHa W apMaryphbl CYIIECTBYIOT 4eTKue ykazanus B CIT
63.13330, TO FaHHBIE 110 KOMITO3UTHBIM MaT€pHaiaM XOTh HEMHOTO, HO Pa3fiMYaroTCs.

HopmarupHBIE ¥ pacyeTHBIE COMPOTUBIICHUS OETOHA M apMaTyphbl YCHIMBACMbIX
JKENE300€TOHHBIX KOHCTPYKIMiT ClieAyeT Ha3HadaThb B COOTBETCTBHH C YKA3aHUSIMH
pazaena 2 u CI163.13330.2012.

Tak Kak KOMIIO3UTHBIE Marepuaibl (JIJAMHUHATHI W XOJICTBI) ABJISIOTCS YIPYTUMHU
MaTeprataMy ¢ BEICOKON IPOYHOCTBIO Ha PACTSDKEHHE M 0€3 BHIPAXKEHHOM ITACTHYECKOH
30HEL, TO MHOTHE ()HPMBI-TIPOU3BOAUTENN B CBOSH NOKYMEHTAMH YKA3bIBAIOT IIPEAEITBHO
JOIyCTUMBIE M PEKOMEHOYEMBIE K NPUMEHEHWIO MPH MPOSKTUPOBaHMH aedopMmanuu
MaTepuana.

Hanpmmep, ¢upma-npousBomuress S&P mpemnaraeT HpH TPOCKTHPOBAHHU
YCUJICHUS 5KeT1€300€TOHHBIX KOHCTPYKLIMIA CBOMMH JIAMUHATAMU UCIIOJIb30BATh BEMYMHBI
nedopmaunii 0,6-0,8%. I1pu 3TOM HCTONB3yeMas B pacueTax MPOYHOCTh HA PaCTSKEHHE
B 3aBMCHMOCTH OT THMAa JlaMuHAaTa Oyner coctapiiark 1000-1600 MIla. YuuteiBas, 4To
BHYTPEHHAA apMaTypa INpH pacueTe IO BTOPOM TpYIIe NpeleNbHBIX COCTOAHHUH He
JOJDKHA WCHBITHIBATh IUIACTHYCCKHX Jcedopmauuii, TO Ha IMpakTuke Aedopmaius
JaMPHaTa He JO/DKHA MpeBblars Aedopmarmit BHyTpeHHeit apMarypsl. CoOrjacHO
HEMEIKOMY CTaHJapTy, 3Ta BEIWYUHA HE JOJDKHA npepbimarb 0,5%, Mo eBpocTaHAapTy
1,0%.

Ilo pexoMmeHpamusaM »5Tol ke (upMbl 3HadeHHs JaedopManuii XOJCTOBBIX
KOMITO3UTHBIX ~MAaTE€pPUAIOB, HCIOAB3YEMBIE TIPH IPOCKTUPOBAHMM, HE JODKHBI
npeBblliath 50% OT MPENENbHO AONYCTUMBIX, M 3aBHCST OT Ha3HAYEHHS YCUJICHUS
KOHCTPYKIIUM (HA AciCTBHE MONEPEYHON CHIIbI, U3rHOAIOIIero MOMEHTA, OXBATHIBAOILEE

yCculieHWE KOJNOHH). UPMON PpEKOMEHAYIOTCS TPH YCHUICHHUH JKEIe300eTOHHBIX
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KOHCTPYKIIMI XOJICTAMHM Ha OCHOBE YIJIEPOAHBIX BOJIOKOH CIIEAYIONIIME HX TIpEIebHbIE
nehopMary npu npoeKTUPOBAHNY:

- ycuJieHHe Ha eiicTBre nonepeuroi cumbl u casur 0,2-0,3%;

- OXBaThIBAOIIEE apMupoBaHue KoxoHH 0,4-0,6%;

- ycuseHue u3rudaeMuix 31nemenTos 0,6—0,8%.

Takke Tpd PYyYHOM cHocode YCHJICHHS XOJCTAaMH BBHIY BO3MOXHOTO
HEPaBHOMEPHOTO PACIIONIOXKEHHUS YTIIEPOIHBIX BOJIOKOH B KIESAIMINI KOMIO3UINH (HupMoit
pexoMenayeTcs KOdGGUIUEHT HAmeKHOCTH II0 MaTEpUaly IS MOAYJIS YIPYTOCTH
Yee= 1,2-1.5.

BpuTaHCKUMHU IpaBHIaMU TIPOEKTUPOBAHHUS BHEIITHETO YCHIIEHUS
JKeNE300€TOHHBIX KOHCTPYKIMH KOMITO3WTHEIMHA MAaTe€puallaMH HPHHATHL CIIEAYIOLIHE
TIOJIOXKEHMS TI0 OPEEIEHUI0 HOPMATUBHBIX W PACUETHBIX COMPOTHUBICHUH KOMIO3UTHBIX

Marepranos

R.= ch/ Ye Ymn Yee (5 )
rac

R,— pacueTHOE COMPOTHBIICHHE KOMIIO3UTHOTO MaTepHalia PacTsHKCHHIO,

R, — COMPOTUBICHHE KOMIIO3UTHOTO MATECPHANIA PACTSDKEHUIO MO JAHHBIM (GupM-
TpOM3BOANTENEH (VCITOBHO HOPMATHBHOE COTIPOTHBIICHHE ),

Y. — KO3OUIMEHT HAAEKHOCTH 10 KOMIIO3UTHOMY MaTepHay,

Yon — KOODPUUMEHT HANCHKHOCTH IO CMOCOOY HAHECEHHS KOMIIO3MTHOIO
Marepuana.

T. e. B 3TOM BapuaHTe PacdeTHOE COMPOTHBIECHHE KOMIIO3UTHOIO MAaTepuaa,
MCTIONTB3YEeMOE TP pacuere T0 TEpBOif IPYNIe NPEAETbHBIX COCTOSHHMIL, HONyJaeTcs
JeleHUeM HOPMATHBHOTO COMPOTUBICHUS Ha TpH KO3GQUIMEHTa HAAEKHOCTH IO
Marepranry, 9To JaeT OONbIMi 3amac MPOYHOCTH. Haao OTMETHTh, 9TO HOPMATHBHOE
3HAUCHUE MPOYHOCTH KOMIIO3UTHOTO MaTepuaia Ha pacTsbKeHue Oepercs mpu ero
MpeNeTBHO TONyCcTUMOM nedopmManu, orpeaeseMoit GrupMaMu-TIPOU3BOUTEISAMH.

B Tabnure 7 mpuBemeHsl KO3G(UIMEHTH HANESKHOCTH IO MATEpHATy H TO

MOJIYJII0 YIPYTOCTH B 3aBHCHMOCTH OT THIIAa MaTepHana, a B Tabmure 8 ko3 puuneHTs!
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HAJIC)KHOCTH B 3aBUCHUMOCTH OT CI0co0a H3TOTOBJICHHS W HAHECEHHWS KOMIIO3UTHOTO

MaTepHaia.

Tabnuna 7 — KoappuimeHaTsl HAISKHOCTH MO MaTEPHATY W MOIYIIO YIPYTOCTH

Komnosurheiii MaTepHan Ye Yee
Yranepox KM® 1.4 1,1
Apamug KM® L5 Il
Crexno KM@ 35 1,8

Tabnuna 8 — Ko3apQuuueHTH HAageKHOCTH B 3aBUCHMOCTH OT Cmoco0a HaHECEHHs

KOMIIO3UTHOI'O Mar€puaiia

Kosddurmenr HagexsHOCTH M0 crIocoby

Tun CHUCTEMBI, METOI U3TOTOB/ICHUS UJIH MPUMCHCHUA
U3rOTOBJICHUA UJIH HAHCCCHUA Yy

Tlonoce namunaros: Pultruded 1,1
Prepreg L1
Preformed 1,2
Xo07CTOBBIE MATEPHATB

MainnHHOe HaHECEHHE 1,1
Bakyymuoe HaHECEHHE 1,2
Pyunoe HareCeHME 14

Hpyrue QupMBI-IPOM3BOAUTENMN TIPEIAraloT CBOM KOI(PPUIMEHTH HANCKHOCTH
JUTsl KOMIO3UTHBIX MaTepuasioB. TonenForcaTowsheet — 3,0; Replark system — 2,25,

B pabote [25] mpeanaraetrcs oOmpenensTh pacdeTHHIC TPOEKTHBIE AedopMaIuu
KOMITO3UTHOTO MaTepHana 1o 3aBUCUMOCTH:

& = ke, (6)
rae €, — NpeAenbHbE NeopMaliii KOMIO3WTHOIO Marepuana MO JaHHBIM (GupM-
MPOU3BOIMTENEH; £ — KOI(PDHULUEHT, ONPEAEHIEMbIi FIKCIIEPUMEHTATEHO TIO 3aBUCHMOCTH
k =89.3(Et,)"”; t, — ToNIMHA KOMIIO3HTHOTO MaTepuaia, MM.

AHanu3upys pasiuYHBC OAXOABI K ONpeAc/ieHHuI0 Kod(duuuenTa Haae>KHOCTH
KOMITO3UTHBIX MAaTepUaJioB MOXHO CKa3aTh, 4TO Hambonee OOOCHOBAHHBIMH W3 HHUX

apnsoress noaxonsl ¢upmel S&P Clever Reinforcement Company u BputaHckoro
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PYKOBOACTBA IO TPOCKTHPOBAHWIO YCWIECHHS OCTOHHBIX SJIEMEHTOB KOMIO3HTHBIMA
MarepuaaMi. B mro0oMm ciydae HEoOXOAMMO COTJlacOBaHME C KOHKPETHOH (UpMOii-
NPOM3BOAUTENIEM KOMIO3WTHOTO Marephaia M Y4YeT HalWOHAJNBHBIX HOPM M MpPaBHI
NPOEKTHPOBAHHS CTPOUTENBHBIX KOHCTPYKIIMIL.

IIpy TPOEKTIPOBAHWM YCHIICHWS H3TMOAEMBIX >KENe300C€TOHHBIX 3JIEMEHTOB
BKHBIM [1apaMETPOM SABISETCA NpeaenbHas AedopManus KpaiiHe CKaToro BOJOKHA
Gerona nepen pazpywenuem, no EuroCode 2 oHa npunuMaetcs €, = 0,0035. TTo maHHBIM
B.H. BaiikoBa u D.E. Curanopa, B ¢karoif 30He H3ru0acMbIX JJEMEHTOB HAOIIOJAeTCs
npedenbHas COKMMAeMOCTh, 3aBHCSAImast OT (OpPMBI HONMEPETHOrO CceueHus H
OTHOCUTENBHOHN BEJIMYUHBI CKATOM 30HBI €y, = 0,0027-0,0045. To ectb uudpsl ABIAIOTCA
BIIOJIHE COIOCTABUMBbIMU. [IpH yMEHbIIEHUH HMIUPUHBI NONEPEYHOrO CEYECHUs KHH3Y W B
TaBPOBBIX CEUCHMSAX €, YMEHBIIAETCSA, 4 NPH YMEHBIUCHUM OTHOCHUTENBHOW BHICOTHI
CKaToM 30HBI — yBeNHUMBaeTCs. Takoke 3Ta BEIMYWHA 3aBUCHT OT HACHILICHUS CEYCHMS
MIPOIOJILHOM apMaTypOM.

Ilpy TPOEKTHPOBAHMH YCWIIMBACMBIX KOHCTPYKIWM CIIEAYET, KaK MPABHIO,
IpedycMaTpuBaTh, YTOOBI HArpy3Ka BO BpeMs YCHJICHWs HE MpeBblmana 65% pacueTHON
BEMMYUHEL. [IpH CIOXKHOCTH WJIM HEBO3MOXKHOCTH JOCTIDKEHHS TpeOyeMoii cTemeHH
PasTPy3KH AOIMYCKAETCs BBINOJIHATH YCHIIEHHE HOX Ooublieil Harpyskoi. B atom ciydae
pacyeTHBIE XapaKTEPHCTHKU KOMIIO3UTHBIX MAaTepUaloB YCHJICHHS YMHOXKAIOTCS Ha
ko3(dunuent ycnosuit pabotel Y. = 0,9. B moOoM cioyyae cTemeHb pasrpysku
KOHCTPYKLHMIA clienyeT BLIOMpATh U3 YCIOBHS oOecreueHus 6e30macHOro BeaeHus padboT
10 PEMOHTY ¥ YCUJICHHIO.

XOTs MAoL@As NOMEPEeYHOro CEUCHUs JIAMUHATOB HeBellMKa (OOBIYHO He Oojiee
140 MM) TIpE TIPOGKTHPOBAHMH YCHJIEHHS TO BO3MOXHOCTH CJEIyeT He NOMyCKATH
HEePEapMHAPOBAHIS CEUCHHS B COOMIOAATh yeioBHe & < &g. Tpn 10OaBICHNN K PaCTAHYTOR
30HE CEYCHMS MPUKICEHHOTO KOMIIO3UTHOTO Marepuana pa3pyLieHHE YCHJIMBACMOTO
KeJIe300€TOHHOTO 3JIEMEHTa MOXKET HPOM3OHTH B CICHYIOIWX CIydYasX: B apMarype
pacTSHYTOM 30HBI, B OETOHE CXKATOH 30HBI CEUCHHUS, NIPH MPEKACBPEMEHHOM OTCIOSHUH
JIAMHHATa W OPH XPYNKOM pPa3pyIIeHUH CaMOro KOMITO3UTHOTO Marepmana. C Touku
3peHHs MEHBIIEH aBapuifHOCTH co3JaBllelics cuTyanuu 0oJice NPEANOYTUTENHHBIM OyaeT

HMEHHO Xpymnkoe pazpymenne KMOY.
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Ecin ycunuBaeMas KOHCTPYKIMS OTHOCHUTCA K 1-H mimm 2-i KareropwsaMm IO
TPEIIMHOCTORKOCTH, KOIJa WU HE JOIyCKACTCS PACKPHITHE TPELMH, WM JOIYCKaeTCst
OTPaHHUYEHHOE MO IMHUPUHE HEMPOAOJIKUTENBHOE PACKPBITHE TPELIMH [IPU YCIOBHH HX
MOCHEAYIOUIEr0 HAJEKHOIO 3aKpBITUS, TO pacyeT MO BTOPOH TpyINEe MNpPEaeiabHBIX
COCTOSIHUI MOKET OBITh OMPEACISIOIINM 10 BEIOOPY TUMA M KOJIMYECTBA KOMIIO3UTHOIO
Marepuana, He0OXOAUMOTO ISl HAJEKHOTO YCUIIEHUS KOHCTPYKITHHL.

Bo Bcex cCiydasx TPOCKTHPOBAHHMS PEMOHTA W VCHJICHHS JKeIe300€TOHHBIX
KOHCTPYKLHH HEOOXOAMMO COOMIOAATh METOAMYECKUE DPEKOMEHMALMM IO pacdeTy HX
OTHECTONKOCTH M OTHECOXPAHHOCTH [26].

Pa3nu4Hble CUCTEMBI BHEIIHETO YCUJICHHS, BO3MOKHBIE K IIPHMEHEHUIO, 3aBUCAT
oT MHorux (axropos: tuna KM® u kiesmuii cocTaBa, METOJa HAHECECHUS MATepHaa,
ycioBUil HpoBeAcHUS PpaboT, MOXKAPOONACHOCTH 34aHUS MM COOPY)KCHHS, KA4eCTBa
BBITIOJTHEHHS. PEMOHTA W IIPUMEHSEMBIX PEMOHTHEIX COCTaBOB, IOATOTOBKH IIOBEPXHOCTH
YCITMBAEMO# KOHCTPYKIMH, KBATM(HKALIMHY TTePCOHaTa M MHOTHX JIpYrux (aktopos. Bee
5T0 JOJDKHO YUMTHIBATHCA INPOCKTHPOBIIMKOM IpH pPa3paboTKe MPOECKTa PEMOHTA H
YCHIECHHS] SKENe300€TOHHOM KOHCTPYKLHMH. OOA3aTENBHBIM  YCIIOBHEM  YCMEIIHOTO
BBITIOJIHEHHS paboT ABIIETCS MCNOJIB30BaHME anPOOUPOBAHHBIX CUCTEMHBIX MAaTEPHANIOB.

Hamnbonee pacnpocTpaHEHHBIMHA HM3rHOAEMBIMU 3IE€MEHTaMH SKEeIe300€TOHHBIX
KOHCTPYKIHH SBISAIOTCS IUATH W Oanmku. M3 HAX 00pa3syroT MHOTHE JKeNe300eTOHHbBIC
KOHCTPYKILHH, Yallle APYTUX — WIOCKHE MEePEKPEITHS M MOKPHITUA. [INUTH 1 Ganku MOTyT
OBITH OJJHONPOJIETHEIMH M MHOTOTIPONICTHEIMA. Takhe TUIHTH Ae(OPMHUPYIOTCS MOXOOHO
6a0YHBIM KOHCTPYKIHMSAM TIPH PA3IIMIHOM THUIIC HArPy3KaX, €CIH 3HAUCHHUE TOCIIC/THIX HE
U3MEHSETCS B HANPABJICHWH, MEPNEHAMKYIISPHOM mHponeTy. Tarxke Ha M3ru6 paboTaror
Pa3NIUYHbIC 3JIEMEHTHl MOCTOBBIX KOHCTPYKLMA, PUreld U MHOTUE ApYyTHeE.

XKene300eTOHHBIE KOHCTPYKIIHA MOTYT OBITh YCHJICHBI TMpH paboTe Ha H3rHb
BHEITHUM apMHPOBAHHEM KOMIO3HTHBIMH MAaTepHAJIaMHM, NPUKICHBAHUEM HOCIEAHHUX B
PacTSAHYTOH 30HE KOHCTPYKIMW C PAcHOJIOKCHWEM HampasiieHus (GuOphl MapauiesIbHO
MaKCUMAJIbHBIM PpACTATHBAIOLIMM YCHIIMSAM (OPOAOJBHO OCH KOHCTPYKIHWH). OTOT
OPUHLMI TMPOWUIIOCTpUpoBaH Ha pucyHke 12. CormacHo oOmMMM  HOPMATHBHBIM
HOJNOXKEHUAM ~ pacyeTa M3ruOacMbIX  JKENe300€TOHHBIX — JJEMEHTOB,  YCHJICHHBIC

KOMITO3UTHBIM MAaTCPUAJIOM KOHCTPYKIIHM JIOJDKHBI PACCHYUTHIBATHECS MO MPOYHOCTH
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CEUYCHU, HOPMAJIBHEIX K IIPOIONIBHOM OCH 3JIEMEHTA, I10 IIPOYHOCTH CEUCHUM, HAKITOHHBIX
K MPOAOJBHON OCH 3JIEMEHTA, BKIIFOYAs pacueThl Ha NCHCTBHE IIONEPEYHOW CHIIEL IIO
HAKJIOHHOW TOJIOCE MEXKAY HAKJIOHHBIMM TPEIIMHAMH, HA ACUCTBUE MTONEPEYHOM CHIIBI 11O
HaKJIOHHOW TPEIIHE U Ha ACHCTBIE M3rHOArOIIero MOMEHTA M0 HAKJIOHHOM TPEIUHE; MO0
00pa30BaHMI0 M PACKPHITHI0 HOPMAIBHBIX M HAKJIOHHBIX TPEIIMH; IO OIMPEIETICHUIO
MPOrHOOB ¥ YTJIOB TIOBOPOTA.

TlomumO 3TOrO, NpPU PACHOIOKEHUM KOMIIO3UTHBIX MATEPUAIOB B PACTSHYTOH
30HE CEUEHHS YCWJIMBAEMEBIX JJIEMEHTOB HEOOXOAMMO OCYIIECTBISATH TPOBEPKY
BO3MOXXHOCTH OTCJIOCHHSI KOHLEBBIX ydacTKOB KM® mnoj AclHCTBHEM MNONMEPEUHBIX H
COBUTOBBIX CHWJI, & TaKk)Ke OIEHHWBATh BO3MOXKHOCTh IIOTEPH CLEIUIEHUS MEXKIY

KOMITO3UTHBIM MaTCPHUAJIOM U CTapbIM 0ETOHOM HIIH PEMOHTHBIM COCTaBOM.

YouneHue Ha feficreue
TIOTI BPETHOMH CHIBL

Yrwienne
NpH Harube

PucyHok 12 — YcueHne n3ruoaeMbIX >KeNe300€TOHHBIX HJIEMEHTOB

TIpenenbHBIC YCHAMS B CEUYEHHH, HOPMAJIBHOM K MPOJONBHON OCH 3JEMEHTA,
OMPEACISIOTCS KCXO/IS U3 CIIEAYIOMIMX AOMYNICHHIA:

- CCUYCHHE, MUIOCKOE 0 MPHJIOKEHHS HArPy3KH, OCTAETCA TAKMM >K€ U IOCIE €€
NPUJIOKEHUS (THIIOTE3a IIOCKUX CEUSHHIA);

- compoTuBIicHNE OETOHA PACTIHYTOM 30HBI IPUHUMACTCS PABHBIM HYJIIO,
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- COMpOTHBIEHNE OETOHA CKATHIO MPE/ICTAaBIAETCSA HAMPSKCHAAMHE, PaBHBIMK Ry, 1
PaBHOMEPHO PacHpEAENICHHBIMH IO CKaToi 30He OeToHa,

- gedopMmaunn (HANpsDKEHWsI) B apMarype ONpPENENsAIOTCS B 3aBHCHMOCTH OT
BBICOTHI C)KATOM 30HBI OETOHA,

- PacTATMBAIOIIME HAMPSHKEHUS B apMaType MPHHUMAIOTCS HE OOJee pacueTHOro
COIIPOTUBIICHUS PACTDKEHUIO Ry,

- COKIMAIOIUE HANpsKEHUS B apMaType IPUHUMAIOTCST He 00Jiee PacueTHOro
COTIPOTUBIIEHUS CXKATHUIO Ry, HO He Gosiee 400 Mma;

- KOMIIO3UTHBIM  MaTepuan yCWICHHS HWMEET JIMHEHHYI  Iuarpammy
JehOpMHUPOBAHNS BILIOTH [0 Pa3pyLICHHAS,

- MCKJIOYAETCA CIOBHT 10 IIOBEPXHOCTH MEXHY OCETOHOM U KOMIIO3UTHBIM
MaTepranoM (3TO JOMYyIIECHHUE BIIOIHE 0OOCHOBAHHO T HauOosee 4acTo IPUMEHIEMBIX
Kiesmuii coctaBoB TommuHOR 10 1.0 — 1.5 MM, aedopmupyroumxcs BA3KO-YIpyro, a
AethopMaly CABUrOBOM MOM3YYECTH U YCaIKU KOTOPEIX HE3HAYNTEIBHE).

B pesynerare pacyeTra ONIpPENEISIOTCS HEOOXOAWMEIC INIOMANb HOMEPEYHOTO
CEYEHUs. ¥ THUI KOMIIO3MTHOrO MaTepuana yCuneHHs. Tak Kak MpOYHOCTH 3MOKCHAHOM
CMOJIBI (MATPHIIEL) OUEHB MaJjla, TO B pACUeTe YIUTHIBACTCS TOMbKO ILIOA/b IONCPSYHOIO
CEeYEHHUs YITEPOAHBIX BOJIOKOH. Ha mepBoM JTare NpoeKTHPOBaHMS HEOOXOANMO OTICHHTH
3¢ deKT HauaIbHOW Harpy3KH Ha KOHCTPYKIHIO IIEPEe M BO BPEMs €€ HEMOCPEICTBEHHOTO

VCIICHUSL.

4.3 AHA/IN3 HCXO/IHO CHTYAIIMH Mepex YCHJIeHHeM KOHCTPYKIIUH

Hcxonuble nannble A0 aHaIW3a HadalbHOW cCHUTyalmu (pacueTHas cxema
KOHCTPYKUMH, ACHCTBYIOLINE HArPY3KH, Pa3Mepbl KOHCTPYKIIMU U CTENEHb MOBPEKICHUS
OGeToHa M apMaTypbl) ONpPEACISIOTCS B PE3YJbTaTe MPOBEACHHUS IMATHOCTHYECKOTO
obcneIoBanns TOUIeXKAIIEl YCHIIEHUIO Kene300eTORHON KOHCTPYKIMH. OmpeaencHue
Ha9aJIbHOTO MAKCHMAIBHOTO M3rU0aroImero MOMeHTa M, MPOU3BOIMTCS KaK IS BTOPOM
TPYTIIBI MTPENETBHEIX COCTOSHIH Oe3 yueTa K03 (GUIMEHTOB HaICKHOCTH MO HArpy3Ke U

no marepuary. Ha 5ToM 3Tarie mpon3BouTCs ONPEReNCHUE pactipe/ieieHus aedopMariuii
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[0 CEYCHUIO KOHCTPYKLHMH HCXOMAd M3 €€ paboTel B ynpyroi cramuu. ITo cyTu aHamm3
HavYaIbHOW CUTyaluy MPOU3BOUTCA 10 JOMYCKAEMBIM HAITPSKCHHUSM.

Ecnm HavanbHBIT MaKCUMAJIBHBIH HM3ru0arolnii MOMEHT A/, OOJIBIIE MOMEHTA
TPELIMHOOOpa30BaHus cedeHuss M., TO pacyer MPOM3BOAUTCA KakK IS CEUCHHSI C
TPEIMHAMK, TIPHBEICHHOTO Ha pUcyHKe 13. B cayuae, ecmu M, < M,,. €ro BIUSHHEM 1IPU
JANIbHEHIIEM PacueTe yCWINBAEMON KOHCTPYKIIMM MOYKHO TIPEHEOPEYb.

BricoTa cxaToif 30HBI CEUCHHS X, HAXOJAWTCS W3 YCIOBHS, YTO CTATHYCCKHIA
MOMEHT IIPUBEAEHHOTO CEYEHUSI OTHOCUTENBHO HEUTPATLHON OCH PaBeH HYJTIO

Spea— bx212 + oA, (Xo— ') — atds(hy—2x,) = 0, (7)
rie

b — nMpHHA CEYCHUS MPSIMOYIOJIBHOTO 3JIEMEHTA, MM,

o = Ey/I5, — OTHOIIEHWE MOJYIIE ynpyrocTH apMaTypHOii cTanu U 6eToHa,

Ay’ IO Ib MONEPEUHOro CEYCHHUS CHKATOM apMaTyphl, MM ;

A, — IIOWAE TIOTIEPEIHOTO CEYEH s PACTAHYTOM apMaTypBI, MM’

@’ — pacCTOSHKUE OT OCH, HOPMAJILHOM K MJIOCKOCTH M3riba U MpoXOoAslieil yepe3
MEHTP TSDKECTH CEUEHMs CXKaroil apMarypbl, OO BHEIIHETO CXKATOrO Kpas CEYEHHsS
37EMEHTA, MM,

h, — paboudas (moyie3nas) BHICOTA CEUCHUs, MM, /i, = A — a; h — MOJHAs BHICOTA
CCUCHUS, g — PACCTOSIHUE OT OCH, HOPMATBEHOM K TJIOCKOCTH M3rnba M NpOXOAsLIei yepe3
HEHTP TSHKECTH CEUYEHHUS PpacTSIHYTOW apMaTypbl, A0 BHEHIHETO PACTSAHYTOTO Kpas
CEUCHMIL.

MOMEHT MHEPIHH IPUBEICHHOTO CCUCHHUS

Lea = bx,13 + 0dy(hy —XoF + 0ds (Xo—a )’ (8)
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Pucynok 13 — HaganbsHoe HanpsbKeHHO-Ie(OPMHUPOBAHHOE COCTOSIHIE DIICMEHTA

fepen yCwIeHHEM

MakcumanbHas aedopmarysg OTOHA KpaifHE CKaTOro BOJIOKHA Eh, ONPEAEISIETCS
U3 BEIPAKEHMSL:

€0 = MoXo/ Eplyed ©
Hcxons u3 TpUHIUIA HEPa3pLIBHOCTH AedopMmammii M WX JIUHEHHOrO
paclpenesicHds. 1O HOPMAIBHOMY CEYEHUIO, MAKCHMajbHbe AcdopManuu KpaiHe

PacTSHYTOTO BOJOKHA OETOHA COCTABSAT:
Ebro 78bo(h - xo)/xo (10)
Onpenenenne HavambHON AeopMaIi KpaifHe pacTIHYTOTO BOJNOKHA OETOHA, K
KOTOPOMY B JanbHeidmieM OyneT NpPUKICeH KOMIIO3UTHBI Marepuan YCHUIICHHS,
Heo0X0mMMO TS JaibHeHmmx pacuetoB daxtiyeckux aedopmarnuit KM® npu BHEIMHEM

YCHIICHHH.
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4.4 TIpoYHOCTDH YCHJIEHHBIX KOHCTPYKIHH 0 HOPMAJILHBIM CCYCHHAM

IMo CIT 63.13330 pacueT MPOYHOCTH M3THOAEMBIX JKEIE300€TOHHBIX JNIEMEHTOB
JE000ro mpoduiis N0 HOPMAIBGHBIM CEYEHHSIM, COIVIACHO IIEPBOil IpyIIe MPEAeTbHBIX
COCTOSHHM, BBITOJIHSIETCS W3 TOM IPEANOCHUIKH, YTO KOHCTpYKIms Haxoamtcs B III
CTaaU¥ HANPSDKEHHOTO COCTOSHUS (CTaauy Pa3pyLICHNS).

ITpu sToM HamboJee BEPOSTHHIMH THIAMH Pa3pylleHHs OYAYT WM pa3pylIeHHe
6eToHa C)KaTOM 30HBI WM PAcTAHYTOM apMaTyphl. PacueTHas cxema ycumunii, HarpsoKeHUH
n gedopManuii, TEHCTBYIOMNX B CEYCHUM 3JIEMEHTa, TIpUBeAcHa Ha pucyHke 14. Ilpn
9TOM KOMITO3WTHBIM MaTepHai, MPUKICEHHBIA K PACTAHYTOM IPAHU JJIEMEHTA, OCTAETCA
HEMOBPEXKACHHBIM. ApMarypa B CXarOfl 30HE CEUCHUS MOXKET JOCTUTHYTH CBOETO
MpPEeNeTbHOr0 3HAUCHHUS CONPOTUBICHUIO CXKAaTHA Ry WM UCHBITHIBATL HANPSDKEHIS

Oy =Es€s, 0COOEHHO €CITH UCTIONMB3YETCA CMENTAHAAS apMaTypa.

b
£,=5,20,0027-0,0045
A'E.E
4 e RA,
X
A
& —AR
: t, —AEE
T b S Ec 5} )

(3

A

Pucynok 14 — HanpsbxkeHHO-1e(hOpMUPOBAHHOE COCTOSIHUE yCHIIEHHOTO KM
KeNIe300€TOHHOTO MEMEHTA NMPH M3rube: a) MoNepevHoe ceucHue; O) pacpenesicHIe
JedopMariuif; B) pacpeaeiCHAE CHIT

ITomHOE WCMOIB30BAHHE MEXaHMUYECKMX CBOMCTB HEHAmpsraeMoi apMarypsl
BO3MOJKHO JIMIIE B TUTUTAX M PEKO B OaTkax ¢ MaJIbIM COACPIKAHUEM apMaTypsl [24].

ITonoxkenue HEHTPATBHON OCH YCHJICHHOH KOHCTPYKLUH JOJDKHO YIOBIETBOPATH
ycnoBuo x<Eg-h,, IOe BEIMYUHA &g ONMpemeNseTcss comiacHo pexkoMeHmarusM CIT

63.13330. Kak Isd HEYCHICHHOH KoHCTpykuuu. CaMo IOJNIOXEHHE HEUTpambHOH OCH
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OTIPENIEINIAETCS, WCXOAs W3 PAaBEHCTBA MPOCKIMM HOPMAIBHBIX CHJI, JCHCTBYIOIIMX B
CEUCHHH JJIEMEHTA CHJT, ICXO M3 HOPMYJIbI:
Ry-b -x+Ay-Esg =A5 R+ A E-E, (11)

Hcxons u3 HenpepuIBHOCTH Aedopmanmii

5, =2 s (12)

some, 1TE o (13)

Hecymias cnocoOHOCTE CeUeHHS KOHCTPYKIMH TIO0 H3ruGaromeMy MOMEHTY

COCTABHUT:
M, =Ry-b -x (h,—0,5x) + Eg-& - Ay (hy—a) + AeE.-€.a (14)

Hecymas cnocoSHOCTE cedeHHs M, JgomkHA OBITH OONBINE WM pPaBHA
MaKCHMaTbHOMY M3rH0aloleMy MOMEHTY M, NeficTByIOmEMYy B KOHCTPYKLHH OT BCEX
BHCIMHUX CHI M > M.

W3 paBeHCTBA 3TUX MOMEHTOB JIETKO ONPEACIAETCS HEOOX0AuMas Il YCHIICHUS
IUIOIIA/ (b KOMIIO3UTHOTO MaTepuana A,

I[J'ISI TOTO, tITO6])I NPUBCACHHBIC BBIIIC COOTHOLICHUA HMCITH CMBICJI H HE
MPOM3OIIIA HEJONMYCTUMBIE Ne(pOpPMAIMK PACTAHYTHIX apMaTyphl U KOMIIO3HTHOTO
Mmarepuaia, HeoOX0AUMO COONIOACHAE CIICIYIOMNX YCIOBHIA:

Jedopmaruy B pacTSHYTOIM apMaType CIEAyeT ONpeeaTh, Kak

S (15)

Jedopmanuyi B KOMTIO3HTHOM MaTepHalle OTPEAeIIOTCS IO 3aBHCHMOCTH

£ =84 Pox “Ch S € (16)

X

Jedopmamuy pacTsHYTONH apMaTypel W KOMITO3UTHOTO MaTepHana He IOJDKHEL
IIPEBBIIIATE IPEAETILHBIX PACUYCTHBIX 3HAUCHHUN.

Ecimm AOIYCTHUTH, YTO MPCACIIBHBIC COCTOAHNA HACTYMAIOT Cpa3sy BO BCEX YCTHIPEX
COCTABJLIIOLIMX KOHCTPYKUMH (O€TOHE, CXKATOM M PAcTSHYTOH apMaType U KOMIO3UTHOM
Marepuane), T0 B popmynsl 11 1 14 BMecTo 3Hauenuit E,€, u E,€, Hamo MOACTABIATH
SHAUCHUA Rsc u Rc COOTBCTCTBCHHO, XOTS BEPOATHOCTH, YTO TakKas CUTyauMs HACTYIIHT,

HHMYTOXKHO Majia.
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4.5 HpO‘IHOCTB yCHJ’leHHOﬁ KOHCTPYKIIHH 10 HAK/JIOHHBIM C€YCHUAM

SKCI'Iepl/IMeHTaIIBHBIMI/I MCCIICAOBAHUAMHK YCTAHOBJICHO, YTO Ha IIPHOIIOPHBIX
ydacTKax M3ru0acMbIX OBIEMEHTOB IOA BO3ACHCTBMEM IIONEPEUHOH CHWIBI O M
M3THOAIONX MOMEHTOB M B CEUEHHAX, HAKIOHHBIX K ocu, GOpMUpYETCs HampsKEHHO-
nehOpPMHEPOBAHHOE COCTOSIHUE, KOTOPOE MOXET NPUBECTH K 00pa30BAHUIO HAKIOHHBIX
TpeumH. [J1aBHBIE pPACTATUBAIONIME (Oy,;) ¥ TJABHBIE COKUMAOIUE (O;,.) HAMPHKEHUS
JOEUCTBYIOT IO/ HEKOTOPHIM yIiIoM (0) K NPOAOJBHON OCH 3neMeHTa. Eciu TiiaBHBIE
PACTATUBAIOIINE HAMPSHKEHUA (G ) IPEBBICAT MPOYHOCTH OETOHA HA PACTHKEHUE (Rpy), TO
BO3HHKAIOT HAKIIOHHBIC TPEIWHEI W YCHITHS, TCHCTBYIOLME B HIEMEHTE, TIEpeIaroTcs Ha
apMarypy, B TOM HYKCIE W BHELIHIO W3 KOMIIO3UTHOTO MaTtepuaia. Mecto oOpa3oBaHus
TPEIINH, UX HAKIOH, PACKPHITHE U Pa3BUTHE IO BBICOTE 3aBMCAT OT BHJAA Harpysok,
(dhopMEI cedeHus 37eMEHTa, BUAa apMUPOBaHUs (B TOM YHCIEC ¥ BHEIIHETO apMHPOBAHHS
KM®) u npyrux ¢$paxTopos.

O6pazoBanue HAKJIOHHOW TPELMHBLI NPUBOIUT K Pa3JCICHHIO KENe300ETOHHOTO
JJIEMEHTa Ha [BE YacTH, CBA3aHHbIE MEXIy co00ii B Ckaroii 30He OETOHOM Haj
HAaKJIOHHOM TPEIMHOMN, a B PaCTAHYTON 30HE — MPOAOJIBHON apMaTypoil W3 apMaTypHOil
cranu ¥ nonocoii KM®, nonepeunoii apmarypoii uz cramu u KM@, nepecekaromumu
HAKJIOHHYO TPEIUHY.

Pazpymenue u3ruGaeMoro sNeMeHTa MO HAKJIOHHOMY CEUEHHIO MOXET
IIPOUCXO/IUTS 10 OJHOMY U3 TPEX BO3MOKHBIX ClIydacs [31].

Cnywait 1 — paspymeHne O€TOHA CTEHKH TO HAKJIOHHOW TOJOCE MEKIY

HaKJIOHHBIMA TPCIMUHAMU OT TTIABHBIX C)KMMArOUIUX HEIIIprKCHI/Iﬁ

o, =050, — 4050 ) 477 >R, . a7

Takoe pa3pymeHHe BO3MOXHO TOJIBKO MPH MaJIO IIMPUHE b CEYEHUs dJIeMEHTa
WIA [OpUMEHEHHH OETOHOB HH3KOH IIPOYHOCTH. B 1maHHOM clydae TpHMeHEeHHe
KOMIIO3WTHBIX MATEPHANIOB U YCWICHUS KOHCTPYKIMM BO3MOXKHO IOCIE M3MEHEHUS
TEOMETPUYECKHX XaPAKTEPUCTUK 3JIEMEHTA B COOTBETCTBMH C pekomeHpamusaMu CII
63.13330.
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Ciy4ail 2 — W370M 1O HAKIOHHOMY CEYECHHIO OT JOMWHHPYIOIIETO ACHCTBUS
M3ruOaIomero MoMeHTa. 1oy BO3JeHCTBAEM BO3PACTAOIIErO M3THOAIOIMEr0 MOMEHTA

TIABHBIC PACTATHBAOIINC HAITPSIPKCHAS

o =-050_ ++4(050 ) +7° >R, (18)

MPEOI0IEBAIOT COMPOTHBIIEHNE OETOHA HA OCEBOE PACTSHKEHHE W 00pasyeTcsl HAKJIOHHAs
TpPEHIMHA ¢ MAKCUMAILHBIM PACKPBITHEM B PACTAHYTOM 30HE. beTOn pacTAHyTOH 30HLI B
HAKJIOHHOM CEUECHHU BBIKIIFOUACTCS U3 pa0OTHI M BCE PACTATHBAIONINE yCUIMS IEPEJA0TCS
B TIPOJOJIbHYIO U MIONEPEYHYIO apMaTypy U3 CTaIH U KOMIIO3UTHOI'O Marepuana.

IIpoYHOCTL HAKJIOHHBIX CEUECHUH HA JEHACTBIE M3rHOArOIEro MOMEHTa M HaJICKHO
00ecrmeunBaeTCsl MPOCTEIMM KOHCTPYKTUBHBIMHM PEUICHUSAMH, MOJPOOHO ONMMCAHHBIMH B
HayuHO# uteparype [24, 31].

Cnyuaii 3 — BHyTpeHHHE ycuius B OETOHE CKaTOi 30HBI HAN HAKIIOHHOM
TPEUIMHON M OCEBBIE YCWIMA B apMarype, MNEPeCceKaeMOil HAKIIOHHON TPELIMHOI,
MPUBOJAT K CIBUTY MO HAKJIOHHOMY CEYEHHIO OT JOMHHMPYIOIIETO AHCTBUS MONEPeHOi
crel. OOpa3oBaHKE HAKIOHHON TPEIMHBI HAYMHACTCSA B cepeanHe OOKOBBIX rpaHeil. B
JTOM MECTE KacaTENIbHBIE HANPSDKEHUS T OT MONEPEYHON CHITBI JOCTUTAI0T MAKCUMyMa

v =0, =0/Kbh,)225R, (19)

TAC Opy — TNIABHBIC PACTATHBAIOIINE HANMPHKCHUS HA YPOBHEC Hy]'leBOﬁ JIAHUHU DJICMCHTOB
6e3 HampsiraeMoif apMarypel. BcenencTBHe HEYNpYrmx CBOWCTB OeTOHA KacaTellbHBIC
HAMpPSDKEHUS. PAaBHOMEPHO PACHPEACNAKTCA IO CEYCHHIO, W HAKIOHHAS TpELIMHA
PacKpBIBaeTCA MPUMEPHO OJAWHAKOBO TO Beeit AnmHe. [IpOMCXOAUT B3aMMHOE CMEINCHUE
4acTeil 37eMEHTa N0 BEPTHKANIU. B pe3ynbTare COBMECTHOTO ACHCTBUA COKMMAIOMIMX W
Cpe3aroluX YCWIMH paspylacTcs OETOH CKaroil 30HBL OJTOT Clydail pa3pyLIcHUs
sABJsieTCs Hauboee OOLIMM U PacIPOCTPAHEHHBIM.

OKcnepUMEHTaNbHBIE HcclieioBaHnsd, mpoeeaeHHsle E.A. Kopoms [32], mns
TPEXCIIONHBIX >KENEe300€TOHHBIX KOHCTPYKUMI (Hapy>kHble ciou — OoJjiee MpOYHBIi
KepaM3UTOOETOH, BHYTPEHHHII CIIOM — TOJMCTHPOIOETOH) MOKA3alM, 4TO Ui BCEX
WCIBITAHHBIX 00Pa3lOB XapaKTepHO 00pa3oBaHWE HECKOMBKAX YacTO PACMOIOKEHHBIX
HAKJIOHHBIX TPELIUH B CPEAHEM (MEHEE MPOYHOM) CIIO€ PUONOPHBIX 30H. BoJiee mpovHEIe

Hapy>XHBIC CJIOM CO31aBajii CONPOTHUBIICHUC PA3BUTHIO 06pa303a3m1/1xc;1 HAKJIOHHBIX
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TPEIIHH, YTO IPUBOAMIO K MOSBICHAIO HOBHIX U YBETHYEHHIO UX KOJTHYECTBA B MPEAEnax
cpenHero chosd. B pesymbrare Hecymmas CHOCOOHOCTH TPEXCIOHHBIX JIEMEHTOB
Bo3pacraeT. Ha Hecymiyto crnocoOHOCTh HAKJIOHHOM CKaToH MONOCHI CYLIECTBEHHO BIHACT
nonepeyHas apMaTypa, PaclooKeHHas M0 HAKJIOHOM K IPOJIONBHO# ocH >eMeHTa. He
OpEeTeHAYs. HA KOJNMYECTBCHHBIC XaPAaKTEPHCTHKH, TONYYEHHBIE aBTOPOM, MOYKHO
IPEIMONOKATS, YTO KAueCTBEHHas KapTWHA AeQOpMHPOBaHHA M pa3pyIICHHs
JKETe300€TOHHOTO JJIEMEHTa, YCHICHHOTO BHEIIHHM AapPMHPOBAHMEM KOMIIO3HTHBIMU
Matepraiami, OyAeT aHaNOru4HOMN.

Hcnonms30BaHie KOMIO3HTHOTO MaTepuana I yCHICHUS H3THOAEMBIX IEMEHTOB
[0 HaKIOHHBIM CEYeHHAM Hauboree 3G(EKTHBHO Npu HANPABICHHH €r0 BOJOKOH
(¢ubpel) MakCMMAIBEHO MapalyIeTbHBIM ACHCTBUIO PACTSITHBAIOMIMX HAMpsKEHUH. 3T0
HOJIOXKEHWE WINTIOCTPHPYET NPUBEICHHAS Ha PHCYHKE 15 3aBHCHMOCTH MEXIY MOJYJIEM
yopyroctu KM® u opueHTaumed COCTAB/LIIOIMX €r0 BOJOKOH OTHOCHTENTBHO
HalpaBJIeHNs JeHCTBYS PaCTATNBAOIAX HAPSDKEHMUI.

E_wrta
1 p

+ } :
30 600 90° ©
Opuentarnua sanoxce KM ore ocHTenbio AeficTeyrouwed camst " p'

Pucynok 15 — KauecTBeHHas 3aBUCUMOCTb MoAyIs ynpyroctd KM® ot

OpHMEHTALIMK BOJIOKOH uOpEL B Marepuane

B nmpuomopHOM 4YacTH KOHCTPYKIMM TJIaBHbIE PACTATHBAIOIME U IJIABHBIC
CKUMAIOIHE HANPSDKEHHS NCHCTBYIOT HA IUIOMIANKAX, PACHOJIOKEHHBIX IOJ YIJIOM
OMU3KAM K 45° OTHOCHTENBHO OCH YCHIMBAEMOTO d/ieMeHTa. Ha npakTike pacionoKeHue

SIIEMEHTOB BHemmHero ycmieHHs KM@ OcCymIecTBISeTCsS C HalpaBIeHHEM BOJOKOH
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NEPIEHMKYJIIPHO OCH YCWJIMBACMOH KOHCTPYKLMM MJIM C HEKOTOPHEIM YIJIOM K HeEH
(pucynok 16). Ha 3ToM ke pUCYHKE IPUBEACHEI Pa3IAIHBIC CXEMBI APMHPOBAHHSL.

Hayunble  MCCHEAOBaHHA [0  YCWICHHUIO  JKEJIE300€TOHHBIX  SJICMEHTOB
KOMIIO3UTHEIMKM MATepHAIAMH HA ACHCTBUE NONEPEYHOH CHIIBI TIO HAKIIOHHOMY CEYEHHUIO
IIPeNoJaraii, YTO KOMIIO3HMTHBIH Marepual B 3TOM cilyuyae BeAeT cels moaoGHO
BHYTpPEHHEHl momepeuHoll cransHOH apmarype. Hecymas crnocoOHOCTh BHEIIHHX
«xoMmyToB» m3 KM® onpenensnace MX HPOYHOCTBI HA PACTSHKECHUE WIN MPEACIBHON
nomyckaeMoit aepopmanueii. [locnemane uccaeaoBanus B 3Toi 00acTd [33] MO3BOMMIH
YCTAHOBUTB, UYTO pa3pylleHHe O€TOHA, YCHIIEHHOIO KOMIIO3MTHBIM MATepHAIoM
OCTOHHOTO 3JIEMEHTA, HAYMHACTCS PaHbIIE JOCTHXKEHUS MOJNOcCaMH Wi XoMyTamu KM®
NpEACNbHEIX 3HAYCHUI MPOYHOCTHM HA pacTsokeHue u acdopmaumii. Sta nedopmanust
(haKTUUECKOTO PA3PYLIEHNUS €. ONPENEISETCS YBEIHICHHEM MOLYJISL YIPYTOCTH BOJOKOH
KOMIIO3WTHOTO Marepuaja B HalpaBlCHUM NEHCTBHA PACTATHBAMOLIMX HaNpsHKEHUH.
Bemmunny (axrtuyeckoli paspymaromedl  AedopMalMi  TPAKTHYECKH HEBO3MOXHO
OTPENETUTs TOUYHBIMM METOJAMM MEXAHUKU CIUIOIIHON cpelpl M TPYIHO, MCHOJIb3Ys
OKCTIEPUMEHTANIbHbIE METOJBl. OCHOBHBIM MOMEHTOM NP ONpPEACNCHUH (aKTHUECKOi
nehopmatn paspyienuss KM® B 3ToM cilydae OCTaeTcst BOIPOC O €ro HOBEACHHU U
PO TPU HCYEPHBLIBAHMU HECYIIEH CHOCOOHOCTH JKEIE€300€TOHHOIO 3JIEMEHTa IOJ
JefiCTBHEM TIONEPETHOM CHTBl. HenmpenoyKHbIM OCTaeTcs TONbKO TOT (akT (MHOrOKpaTHO
MOATBEPIKICHHbIM SKCIEPUMEHTANIBHO), YTO pa3pyllcHUE OETOHA HA IPHOMOPHOM y4acTKe
BCET/Ia MPOUCXOUT B BUIC 00pa3oBaHus 1 PA3BUTHs AUATOHAILHONW HAKIOHHON TPEIMHEL
KaK TPH HATMYMM KOMIIO3UTHOTO MaTE€pUAIa YCUIICHUS, TAK U B €10 OTCYTCTBHE.

Ha pucynke 17 mpuBedeHa KaueCTBCHHas KapTuHa paspylueHus. OHO MOXeET
TIPOU3OMTH MITM U3-3a MPEXACBPEMEHHOr0 oTciIoeHuss KM® uiny u3-3a €ro 3Ha4uTeIBHOIO

PACTOKCHMSI, TPEBHIMIAOIETO MPESACIIBHOC 3HAUCHHUE.
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a) o) 5)

T EANYE]

by
e
) by D] %)
PucyHok 16 — CxeMBI yCHICHHS KOIOHH H 0aJOK KOMITO3UTHBIMU MaTepraiaMu;
a) yCHIeHre KOMOHHEL, 6) ycunenue Ganku U-o6pasasiv KM®; B) yeunenne O6anku mo
CTOPOHAM; T') OXBATHIBAIOIIEE (HA BCE CCUCHNE) YCHIICHUE IPAMOYTONBHON (GOPMBI; 1)

BEPTHKAJIBHEIE JICHTHI, €) HAKIIOHHbIE JICHTHI; JK) YCHJICHHE I10 JUTMHE

o P @

@ o TOUKa paspyIIeHHS

Harpyzka

>

[TepemernieHue

Pucynok 17 — Xapaxtep paspylleHus yCUICHHOTO JIEMEHTA IO, BO3ACHCTBAEM
nonepeyHoii cunsl: 1 — paspyimenne 6erona wiM orcnocHue KM®; 2 — paspyiienue

6etona m KM®; 3 — paspymenne 6eToHa; 4 — paspyuenne KM
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B o3toM cioydac paspylicHHE KOMIIO3UTHOTO MaTepuana MpPOHCXOIUT B
NEPBOHAYAIBHEIE MOMEHT OT JCHCTBHS MAaKCUMAIbHOH HAarpy3ku (MOCTOSIHHOH H
BpPEMEHHOW) W B JaJbHEHIIEM MOXET pa3sBUBATHCA W OT JICWCTBHS MEHBILICH Harpys3ku
BCJIEACTBUE NEPEPACIPENCIICHNS HAPSDKEHUH BOIM3U HAKJIOHHOH! TPEIUHBL.

ITpu pacueTax mo NEpBOMY MPEAETLHOMY COCTOSIHUIO HEOOXOAUMO NMPUHUMATL BO
BHHMAaHHE PHCK Pa3pyLICHHUs MOBEPXHOCTH KOHTAKTa MEXIY OCTOHOM M KOMIIO3UTHBIM
MarepraioM. XOTs OJHOBPEMEHHOE MPOSIBJICHUE IBYX BHJOB Pa3pyIUCHUS — OTCIOCHUS
KM® ot GeToHa M HOTEpH LENOCTHOCTH CAMOr0 KOMIO3UTHOTO MaTepuaia OT AeHCTBHS
paCTATHBAIOIINX HANPSHKEHUH - MaloBEPOATHO. OTO  OOBACHACTCS  Pa3IUyHOMH
nedopmaruBHoctelo KM® u Oerona, ewe Oonee Bo3pactaiolieii mocie oOpasoBaHuUs
TPEIUH B OCTOHE M NEPEpaclpe/ic/icHUs HAOpsDKCHUHA B YCHJICHHOH KOHCTPYKIHMH.
dakTuyeckas aeopManus KOMIO3UTHOTO Marepuana 3aBUCHUT OT AJIMHBI MOJIOCHL WU
xoncra KM®, anuuel ankepoeku U aauHel KM®, HeoOXxoauMol A AOCTHXXECHHS UM
OPOYHOCTH Ha PacTSHKEHHE TNEPEe] BO3MOKHBIM OTclocHHeM. Ha BenuuuHy cuemnenus
BIUSIOT TINATENBHOCTh IOATOTOBKM M OOpabOTKHA COCAMHSEMBIX MAarTepHaOB, THII
IPUMEHSEMBIX TpaiiMepa W KIEAIMH COCTaBa, TEMIEPATyPHO-BIAKHOCTHEIE YCIOBUS B
MecTe mnpoBedcHus paboT Mo ycuwiueHMw Hapyrue ¢aktopsl. B pesynprare
SKCTIEPUMEHTATIBHBIX HCCACAOBaHUN [33] yCTaHOBNEHO, YTO BEIWYHHA €y IMPAMO
MPOMOPLMOHANIBHAS BEJIMYHHE OTHOCHUTENBHOM JECTKOCTH KOMIIO3UTHOIO MaTepHasia
E -4, v 06paTHO MpOMOPIMOHAJIbHA TPOYHOCTH OETOHA HA PaCTSHKEHUE Ry,

Pacuer xene300€TOHHBIX SJEMEHTOB C MOMEPeYHOH apMaTrypodl Ha AeHCTBHE
MOTIEPEYHOH CHIIBI i 00ECnEeYeHUs] MPOYHOCTU M0 HAKIIOHHOH TPELIMHE NMPOU3BOJUTCS
110 HauboJee ONACHOMY HAKIIOHHOMY CEYEHHUIO U3 YCIOBHUS:

Q<O+ Ot Osine + Qe (20)

B 3T0 ycnoBue, B OTIIMYNE OT U3BECTHOTO [25], 106aBUIIOCE €IIE OJHO CaracMoe
(., TpeAcTaBIAmOllce CO0OH IOMEPEYHOE YCUIIUE, BOCHPHHHMAEMOE KOMIIO3HTHBIM
MaTepuanoM.

B pa6ote [2] nmpuBOAsTCS 3aBUCHMOCTH AJs OMPEACIHEHHS I'€OMETPUYECKUX U
MPOYHOCTHBIX ~ XapaKTEPHCTHK  IIOBEPXHOCTHO-OKJIEEYHOIO  CTEKJIOIIIACTHKA  IIPH

YCUJIEHUH:
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2h_n_ P
_ et 21
B @D

o o

rIe:

h., — paboyasi BEICOTA CCUCHMS CTEKIIOLIACTHKA,

h,— pabouast BEICOTa CCUCHHsI YCUITMBACMOM KOHCTPYKIINH;

C, — JUIMHA MPOEKIMU HAKIOHHOIO CEUYCHUS Ha IPOAONBHYIO OChb DJIEMEHTA,
ompeneNgeMas Ul yCHINBaeMOH KOHCTpykumH cornacHo CIT63.13330.;

N, — KOJINYECTBO CJIOEB CTEKIIOTUIACTHKA,

P, — npouHocTb Ha pacTsbkeHne 1 ¢cM crekmomactuka, H/cm

['eomeTpuueckie  mapaMeTpbl  TOBEPXHOCTHO-OKJIEEYHOIO  CTEKJIOIUIACTHKA,
NOIYy4YCHHBIE IO 3aBHCUMOCTH (21), OOMWKHEI oOecmeunBarh TpPeOyeMylo IUIOMIAdb
MPUKJICAIINHA COCTAaBKM CTEKJIIOTKAHM B 3aBUCHMOCTH OT Cpe3a OeTOHa YCHIMBAEMOI
KOHCTPYKIIMHU U YAOBIETBOPSTH YCIIOBHUIO:

0y — 01 < 1,58RyA,, (22)
rae:

Q1 1 (0, —COOTBETCTBEHHO TOMEPEYHBIE CHUJIBI OT BHEIIHUX HArPY30K A0 YCUIICHUS
U [IOCJIE YCUJICHUS,

A, = 2Cyh,, — MIOMAIs NOBEPXHOCTHO-OKJICETHOTO CTEKIJIOTNIACTHKA.

B mnepeoM mnpubmmkenuu 3TH (HOPMYIBI MOTYT OBITh MCIHONB30BAaHBI M IS
NPECABAPUTECIIBHOIO ONPEACIICHUA HCO6XO,I[I/IMO I YCUJICHHUS KOJIMYCCTBA KOMIIO3UTHOTO
Marepuaa.

Honepeque YCUITUC, BOCIPUHUMACMOC KOMITIO3WUTHBIM MaTtcpuajiaMm Qc COrJ1IaCHO
€BPOIIEHCKAM HOpMaM MPOSKTUPOBAHHUS M WCCIIEAOBaHWAM, mpoBencHHBIM Triantafillou
T.C u TaljstenB, moxxHO onpenenuts o popmyne 23, a pacueTHas cxema ycmieHuss KM®

MIPEACTABICHA HA PUCYHKE 18.

h
Q.= e, E A, -sin oot 0+ cot o)== (23)
Ve 7 S,

rac:
A, =2t-S,, — nyomaab nonepevyHoro ceucnus KMo;
{ — TONIMHA OJHOTO CIIOS KOMIIO3UTHOTO MaTepuajia, omnpeaeciseMas

3
TEOPETHUECKH KAK YaCTHOE OT OTHOIIEHHS BEca XocTa (I/M%) K ero TIIOTHOCTH (I/M°);
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See — 3¢GeKkTUBHAS MHUpPHUHA KOMIO3UTHOTO Marepyaa, siBstormasics GyHknueit
VIJIa PaCKpPhITHsL HAKIIOHHON TPEIIMHBI K OCH 3IIEMEHTA U CXeMbl YeuneHus. S,, = (A, — L)
IIpU KCTIONB30BaHWH Ui ycuneHus U-oOpasHoit oboimMer u S, — (h., — 2L,) mph
npukinerBanun KM® no 6oxaM ycHIMBAacMOro 3ieMeHTa (pucyHok 18). IMomydeHnas
9KCHSPUMEHTAITEHO BENHYMHA L, 3aBUCHT OT TONINMHE KOMIIO3WTHOTO MaTepHaia U ero
moytyns ynpyrocta (L, = 461,3/(t-E.)"®);

€cp — AOIYCTUMAS BEMMYHMHA AeopMaLii KOMIO3UTHOTO MATEPHANIA, € < £y

0L — Yron MeXAy TJIABHOW OpHEHTAUMEH BOJOKOH B KOMITO3MUTHOM MaTrepHalie W
MPOJIOJIBHOM OCBIO DIIEMEHTA,

6 — yron MexkAy HAaKIOHHOH TPEIWMHOH M OCBIO 3IeMeHTa. B obmem ciydae
ompenensercs Kak arctgh,/C,. h,< C,< 2h,;

h., — pabouas Beicota ceuenue KM®, oObI4HO paBHAETCA /1, IS MPSIMOYTOMBHBIX
aneMeHTOB | (h, — hf’) JUIS DJIIEMEHTOB TaBPOBOTO CEUCHHUS,

S — PAcCTOSIHME MEXIY MOJOCaMHu KOMIIO3UTHOTO MaTepHhaia 1o OCiIM MO ITAHE

3JIEMEHTa, KOTOpoe pr HakienaHud KM® 1o BceMy yCHIIHBAEMOMY SJIEMEHTY S = S,,.

a) |
] R

PucyHnok 18 — CxeMbI kK onpeneneHuto 3 HeKTUBHOM IMPUHBI T0I0cE KMO:

a) mpu ycunernn U-o6pazHoii 06oiiMer KM®; 6) mput 60KOBOM YCHIICHHH
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Ipu pacronoxKeHNH KOMIO3UTHOTO MaTepraa BOOKHAMI HEPIEHARKYIISPHO OCH
snementa (o0 = 90°) u Hambojee OXMUTAEMOM HAINPABICHUM PAa3BUTHS HAKJIOHHON

TPEIMHBL IO yritoM 45° (6 = 45°) BeipaskeHne 23 yopoiuaeTes:

0, =ttty Tn (24)
Ve Vo S

3nauenne (QakTuueckoi aedopmanu, NMpH KOTOPOM HACTYIMAET paspylleHHE
KOMIIO3UTHOTO MaTepuana, PasiMyHbIMA MCCIEIOBATENSAMM OLEHHUBACTCA B JOCTATOYHO
mupokom auanazone ot 0,002 mo 0,006.

B nccnenoBannu [33] NpuBOATCS SMIUPUYECKUE 3aBUCHMOCTH [UTS OMIPEACITICHUS
&of-

- TIpY TOJTHOM OXBATBIBAHHWH TIPSIMOYTOJIBHOTO 3JIEMEHTA X0ICcTOM 3 KMOY

0,67

=017 (—2—)""¢_; (25)

L opu,

&y

- npu yemneHun 6anok U-o0pasHoit o6oiimoit n3 KMV npuHnMaeTcs MEHBIIEe
U3 3HAYEHMH, COOTBETCTBYIOMIMX WM paspyuieHuto camoro KMOVY (3aBucumoctb 25)
WM €ro OTcioeHuto oT OeToHa. B stom ciyuae ¢axtuueckas aedopmamus KMOY

onpeacIaCTCd Mo 3aBUCUMOCTH

R 0.67
€, =065 (ﬁ)“‘ 107, (26)

B 3aBucuMocTsix (25) u (26) R;, umeet pasmeprocts MI1a, a £, — T'Tla.

M. — KO3(QQUIMECHT TONMEPEYHOro ApMHPOBAHHA KOHCTPYKIMH KOMIIO3HTHBIMH
MaTepHalaMu:

M. = (2t/b)-(b./s) — U1 ONOC KOMIIO3UTHOTO MaTepUala IUPHHO#H b,

M. = 2t/b — ipu apMUPOBAHNH DJIEMEHTA TIO BCCH JJTHHE.

B namnoM ciydae mojx b TOHAMAETCs MHHMMANbHAsA MUPHHA YCHJIMBAEMOIO
3JIEMEHTA 10 €ro paboyeii BEICOTE CCUCHHS.

JpyruM BapHaHTOM ONPENCICHAS BETUUUHBI € ABIACTCS IPHHATUE €€ 3HAUCHUS
1o jJaHHeIM (upM-nponsBoauteneil. Hampumep, dupma S&P Clever Reinforcement mpu
YCHIICHNY HAKJIOHHOTO CEUEHHS M3TrMOacMOil KOHCTPYKIMHM IIpEeIyIaracT IPHHAMAThH NS

cBoeii mpoxykmmu &= 0,002-0,003.
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Jonyctumyro  BemmumHY — AeopMamMH  KOMIO3HTHOTO — MarepHaja €,
HCHOJIb3YEMYI0 TIPH MPOSKTHPOBAHMH, MOKHO OIPEACIATh MM HCTIONB3YS KoddhduumeHt
HANESKHOCTH TOo AedopMauusM Npu ACHCTBAM NONEPedHOH cwibl Yy = 0,8 wm mo
CTEHEHHON AMMupHUecKkoit 3aBiucuMocTH [48]:

€= Ve [0,5622(pte- Eo) — 1,2188 (s~ ) + 0,778]. (27)

B pgaHHO# ¢QopMyne MOAYNE YHPYTOCTH KOMIIO3HTHOTO MaTepHana Taioke
noxacrasnsercs B I'Tla.

Tak kak 3aBucuMmocTh (34) >MOMpUYECKas, MONYyYCHHAs IPU HCIBITaHUAX
KOPOTKUX OajioK, YCHJIEHHBIX YIJIEPOAHBIM KOMIIO3UTHBIM MaTepuaioM, TO K €€
HEPEHECCHNI0 Ha OONbIINe KOHCTPYKIMM HEOOXOANMO MOAXOAUTH C OCTOPOXKHOCTBIO.
Kpowme Toro, 00nacts ee mpruMeHEeHUs OrpaHnvYeHa 3HaYeHueM .- I, < 1,1 MITa.

OXBaTHIBAIOIIEE YCUIICHUE >KEeNe300eTOHHOIO 3JIEMEHTAa MO BCEMY MEPUMETPY
KOHCTPYKIMH BCETOa MPEANOUTHTENbHES. B 3TOM cilydac MaTOBEpOsSTHA BO3MOXKHOCTB
otcnoenust KM® OT moBEpXHOCTH OETOHA JaKE B CIyYasX MPUMEHEHWS KOMIO3UTHOTO
Matepuata HeOONBIION TOMIIUHE IPH YCHICHAH MPHOMOPHEIX YYacTKOB Oaok OONBIINX
pasmepoB. B cirydae, Koria OXBaTHIBAKOILEE YCHIICHNE KOHCTPYKIMH 3aMKHYTOH 000HMO#H
OCYLIECTBUTh O KAKUM-TUOO0 NPUYMHAM HEBO3MOKHO, TO PHCK MOTEPH CLCTUICHUS MEKY
6eronoM W KM® Bo3pacraect. B 3TOM cuTyauuu IS ONpEACTCHUS JAOIMYCTHMOMR
BEIMUMHBL  eOopMalMM KOMIO3MTHBIX MATEPUAIOB HA OCHOBE VYIVIEPOAA MOXKHO
PEKOMEHIOBATH CIEAYIONYIO 3aBUCUMOCTS [34, 35]:

£,5—0,0042[(0,835R)™"- S, V[(e- ) hoo], (28)
rae: R — KyOukoBasi IpOYHOCTL OeToHa Ha cxkarue, MI1a; E, [['T1a]; S, ¢, h., [MM].

Anamuz Gopmyn (25)+(28) nokasbiBaeT, 4YTO KaXKAas U3 HUX MMEET OTPAaHUUYCHHYIO
0o0NacTe NPUMEHEHUS M JAHHBIE, MOTYYaEMbIE MO HHUM, JOCTATOYHO HPOTHBOPEYUBHL
ITo3TOMYy MOMKHO PEKOMEHJOBATh K HCIOJb30BAHUIO MEHBIIETO W3 IIONYYCHHBIX
3HAYEHHH, a TAKOKE NPHHUMATE £.,< 0,003.

AHAIOTMYHO, TPU ONPEACICHUH PACCTOSHUS MEKAY CTAIBHBIMH XOMYTaMH
BHYTPEHHEH apMHUPOBKM PAacCTOSHHE MEXIY OCSAMH TOJIOC BHEUTHero ycuiaenus KM@ S
JOJDKHO OBITH TaKWM, 9TOOBI HE JIONYCTUTh 00pa30BaHMs TPEHIMHLI MEXTY HUMH. JTO

JOCTUTACTCA COOJTIO ICHHEM CIICAYIOLINX YCHOBHfIZ

67



- JUIs IPAMOYTOJIBHBIX 31eMeHTOB S < (0,94, — b./2);

- J1sl SNIEMEHTOB TABPOBOTO ceverus S < (h, — iy — b/2).

4.6 OCHOBHbIC TOJIOKEHHMSI pacyeTa YCHJIEHHbIX KOHCTPYKIHIl IO

BTOPOIi Ipyinie npeaeabHbIX COCTOAHUIN

Ilo BTOpOH rpymnne npeaeiabHBIX COCTOSHUI MPOBEPAIOTCS TPEIMMHOCTOMKOCTE U
HEPEMELICHUS JKEIE300E€TOHHBIX 3JIEMEHTOB. TPEIMHOCTOMKOCTh 3IEMEHTOB — 3TO HX
CONPOTHBIICHHE OOPA30BaHUI0 TPEUIMH B TMEpBOM craguu AcGOPMUPOBAaHUSL WU
COINIPOTHBIIEHHS PACKPBITHIO TPEIIMH BO BTOPOH cTaguy. TpEeIMHOCTORKOCTD 3JIEMEHTOB
IIPOBEPSETCA PACUYETOM B CEUEHMSX, HOPMAJIBHBIX K [POAOJBHOH OCH, a IPH HAINYUH
MOIEPEYHBIX CUJI TAKXKE U B CEUCHUSX, HAKIOHHBIX K IIPO/IONBHOH OCH 311eMeHTa [24].

Hammuue KOMNO3UTHOrO MaTepvana YCUJICHUS HE3HAUUTENBHO BIHAECT Ha
BENIMYMHY MOMCHTA BHYTPEHHUX YCWIHI B CEUCHWH Iepel 0Opa30BaHHEM TPEIMH M
(MOMEHT TPEMHOOOPA30BAHUS) B CHTY MO KECTKOCTH KOMIIO3UTHOIO MarepHaia us3-
32 ero Mayioil TomuuHeI (¢, < 1,4 Mm).

Tak, mo CIT 63.13330 M, ompenensercd mo cnocody sApoBbIX ceueHuid. IIpu
9TOM IS W3rubacMBIX Oe3 TPEABAPHUTENHFHOTO HANPSDKEHUS 3JIEMEHTOB 3HAUYCHUE M,
ompezensercs no hopmyie

M = Rbt.ser'VVpI, (29)
rne

Rprser — PACUETHOE COMPOTHRIICHHE OSTOHA Ui MPEACIBHBIX COCTOSHUIT BTOPOMH
TpyINBI,

W, — yIpYyroIUIaCTHYECKUH MOMEHT COIPOTHBIICHHUS JKENE300€TOHHOTO CEYEHHUS
M0 PacTIHYTOH 30HE B NPEANONOKEHWM, YTO MPOJOJIbHAS CHJIA OTCYTCTBYeT. Ilpm
ycunernn sneMenta KM@

23, +ai, +ai, + i)
. b +S, (30)

W =
h-x

rac

ibor fsor iso, I — MOMEHTBI MHEPIMA OTHOCHTENBHO HEHTPAIBHOH OCH IUIOMIAAEH

ceucHUst OETOHA CXKATOM 30HBI, apMaTypbl 00eHX 30H U KOMITIO3UTHOTO Marepuaja,
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Spo — CTATMUECKHIT MOMEHT OTHOCHTEJIBHO TOM € OCH INIOMIAIN CEYEHHs OETOHA
PacTAHYTOM 30HBI,

(h — x) — pacCTOsTHME OT LIEHTPAILHOM OCH [0 Kpasi pacTAHYTON 30HBI

[onokenne HEUTPAIILHOM OCH YCHIEHHOTO 3JIEMEHTA ONMPEENAETCS U3 YCIOBHSL:

, , h-x)4 v
S.vaS. -aS_ - ps, = G 04y (31
2

bo >

rae

Spor Ssor Ssew S. — CTATHYECKHE MOMEHTH OTHOCHTENBHO HEHTpambHOH ocH
UTONIANICH cedeHus OCTOHA CXKAToW 30HBI, apMaTrypbl O0CHX 30H H KOMIIO3HTHOTO
Marepuana;

Ap — TIOIA L ceueHU 6ETOHA PACTAHYTOM 30HbL.

Kak moka3blBalOT pacyeThi, B OONBLUIMHCTBE CIIy4acB BIMSHHE KOMIIO3HTHOIO
Marepuajia Ha 00pa30BaHUe TPEIIMH B Kee300eTORHOM KOHCTPYKIMHU He npeBbimaet 1%
MO CPABHEHHIO C HE YCHJICHHOW KOHCTPYKLMEH W STOM BEJMYMHOM, MCKIIOYAs PAaCyEThl
IPSMOYIOJIbHBLIX 0aI0K HEOONBILOro MOMEPEYHOro CEUYCHHS, MOYKHO NMPEeHEOpeYb.

Tocne oOpa3oBaHKs TPEHIMH B PACTSHYTHIX 30HAX JKEJIE300E€TOHHBIX 3JIEMEHTOB
OpU JajibHEllieM YBEIMUEHUH HArPY3KH MPOMCXOAWUT HX pacKpeithe. B obmem Bune
HIMPUHA PACKPHITHS TPEUTHH, HOPMATEHBIX K MPOAOJABLHON OCH 3JIEMEHTA, MPEACTAaBIISIET
co0OH pasHOCTh YUIMHEHHH apMaTypbl M PacTSHYTOro OETOHa Ha YYacTKE MEKAY
TpEUMHAMH UTUHOMH /., T.€.

e = By Lo — Ebm Lcoc- (32)

Cpenuedi  pedopmaudedl pacradyroro OeToHa B BHIY €€ MaJoCcTH OOBIYHO
MPEHEOPEraoT U IPUHUMAIOT deoe = Esl o

B cnydac ycHIICHHS JKelie300€ TOHHOM KOHCTPYKUMH KOMIIO3UTHEIMU MaTEpHaiaMu
HIMPHHA PACKPHITHS TPSHIHH OYAET OMpPEAeAThCA PA3HOCTBIO YIUIMHEHHH apMarypel
KOMIIO3UTHOTO MaTepuasa Ha yuacTke MEeXIy TpeLpHaMH

Aece = & looe — € Lcce. (33)

IToMuMO 3TOro, HaIMYUE B CEYCHWM KOMIIO3WUTHOTO MaTepuajia MOBIUSET W Ha

JUIMHY TPEIUH /.
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CIT 63.13330 pexoMeHAyET OMpPEACNATh I[MHPHHY PACKPBITUS  TPELIMH,
HOPMAJIBHBIX K HPOJAOJIBHON OCH DJIEMEHTa, HA YPOBHE OCH PACTAHYTOW apMaTyphl MO
W3BECTHOM OMImMpHuYeckoil (opmyie, TONyUeHHOH TIpH aHamm3e M 0000meHNH
MHOTOUHCIIEHHBIX SKCIEPUMEHTAIBHBIX UCCIIEIOBAHUNA.

Iins onpepencHuss LIWPAHBI PACKPHITHA TPEMMH MOXKHO BOCHOJIb30BAThCS
IKCTIEPUMEHTATHHBIMA WCCIIEAOBAHUSIMU U UX 0OpabOTKOIi, BHIIIONHEHHBIMH B paboTax
[52, 53].

IIupriaa pacKpeiTHS TPEIMH OPU HAIMYMM KOMIIO3UTHOIO —MarepHana
OIpeaenaeTcs 1o SMIUPUUECKOi opmyne

M
E,hy g, (u,+0,6%u,)

(34

a, =214,

rae
M — MaxcuMambHBIH H3ru0aronmmii MOMEHT OT OJKCIUTYaTallHOHHBIX Harpy3ok,
VUMTHIBAEMBIX IPH pPacyeTe >KENe300€TOHHBIX KOHCTPYKIMH MO 00pa30BaHHIO U

PaCKpPEITHIO TPEIIUH, IPHHUMAaeMbIi cornacHo Tabnuie 3 CIT 63.13330;

A
Hy = # — K03 pUIHEHT YacTy MuIomaay 6eToHa, paboTaronieii Ha pacTsDKEHHE,
-h

Ap, — momans dactTH OeToHa, paboTaromieif Ha pacTsKEHHe;, NMPUHUMAETCS

MEHBIICE U3 IBYX 3HAYCHUN Ay = 2,5(h — h,) b wma (h—x) b/3;

A +4 -—=
B = T — CyMMapHbBIi  KO3(Q@HULIMEHT apMHPOBAHHS  CEUCHUS
h
KeNe300€TOHHOrO  3NIEMEHTa CTAIBPHOW PacTAHYTOM apMarypod H  KOMIIO3HTHBIM
MaTepHaoM,

Uy U U, — IEPUMETPBL CTAIBHOW apMarypbl H KOMIO3UTHOIO Marepuaia (B BULY
Masoii TonmEel KM@ 1 npuneranns ero Kk 6eTOHy 0J{HOI CTOPOHOM MpUHUMAETCS U, —
b).

IloacraBnsas B BBIpakeHHE 34 AOMYyCTUMYIO INUPUHY PACKPLITHS TPELIMH B
3aBUCUMOCTH OT KaTE€rOpUd KOHCTPYKLHM MO TPEIIMHOCTOMKOCTH MOXHO MOIYYUTb
TpeOyeMyI0 IMMPHHY KOMIIO3UTHOrO Marepuana. Hanpumep, Opu AOMyCTUMOM IIMPUHE
pacKpeITUsl TPEIHH d.» = 0,3 MM TpeOyeMmas IIMpHMHA KOMIO3MTHONO Marepuaia
COCTaBHT:
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M
b 210,01y, — 1,4, . (35)
Bk, Ho,

PasmepHOCTh fmanHHOW (opMynsl coOmopacTcs, Tak Kak IIMPHHA PaCKPHITHS
TPELIUH MOACTABIACTCS B MM.

W3 Beipakenus (34) caeayeT, 9To MUPUHA PACKPBITHS TPEIIMH OyAeT MEHBIIE IPU
Oonpmrelf mWpHHE W HEOOJBUION TOJMIIMHE KOMIIO3WTHOTrO Marepdama. llpu
ucnonb3oBanun KM@ 171 BEICOKHX Oanmok MOXKET CIYYHTHCS, 9TO TpeOyemas IMMpUHA
KM® Oyner Gosnblie mupuHEL camoii Oaiku. B 3TOM ciiyyae mo BO3MO)KHOCTH CIEAYET
npuMeHuTs KM@ Gonbliueli TOMIUHEE 1 ¢ GONBITAM MOAYIIEM YIIPYTOCTH, 9TO MO3BOJIMT
YBEIUUUTL 3HAYECHUE gy M TEM CaMbIM CHH3HMTH IIMPUHY PACKPBITHS TPELIMH WM
YMEHBIINTE TpeOyeMmyto TommuHy KM@. Bo3MOXHO Taxke MPHMEHEHHE OJHOBPEMEHHO
6osee ofHOM MOJOCH TaMIHATA, HAKIICHBAsT MX OAHY Ha Apyryio. OXHAaKo B 3TOM Cliydae
YXYIIIAeTCsl CyMMapHas pa0OTOCIOCOOHOCTh KaXKOM TMOJOCH W3-3a HANHYUA
JONOTHUTENBHBIX KJICEBBIX COEAMHEHUH.

He6ompmoe komudectBo KM@ MOKET 3HAYMTENHHO YBEIMYATH HECYIIYIO
CIIocoOHOCTE KOHCTPYKIMH. OMHAKO MaJeHBKas TUIOMA (b morepedaoro cedennss KM® u
B page cioydaeB Oonee HH3KMM IO CpPaBHEHHIO CO CTalbl MOAYJTh VYIPYrOCTH
(KOMMO3KUTHBIE MaTepHAIIbl HA OCHOBE CTEKJIOBOJIOKHA M apaMAAa) JAIOT B pe3yJIbTaTe €ro
HEOONBIIYIO KECTKOCTh E A, Takas >KeCTKOCTh BO MHOTHX CIIydasX He MO3BOJISET
3HAUUTENIFHO YMEHBIINTE KPUBU3HY JKeNe300€TORHOro sneMenTa u ero nporud. ITostomy
JUIl YMEHBIICHUS KPUBHM3HBEI M IporuGos Hapsany ¢ KM@ HeoOXOIUMO HCIONB30BaTh
JOpPYTHE CIOCOObl YCUICHHS.

IIpy SKCIUIyaTalMOHHBIX —Harpy3kax Ui [PENOTBPAIICHHAS  4YPE3MEPHOH
MON3y4YecTH OeTOHa, TEKYIECTH apMaTypsl i paspymerus KM® tpebyrores orpanndeHus
Ha HanpsbKeHWs B OCTOHE, CTANBHOM apMarype U KOMIIO3UTHOM Marepuaie. IIpu
MPUCOCAMHEHNH B PACTSAHYTOM 30HE BHewHero apmupoBanusi U3 KM® u3 ycinouid
paBHOBECHsS  BBITEKACT, 4YTO  CKUMAWOMIUE CHIBL  BO3PAaCTyT  3KBHUBAJICHTHO
pactsruBaromM, [103TOMy, 3HAYWATENBHOC W3MEHEHHWE MOXKeT HaOmogaThes B
CKIMAIOIIMX HAMPSDKEHUSIX B OeToHe. 17 HEAOMyIEeH s 3HAYUTENLHOTO CxaThs OETOHa,
Pa3BUTHS TPEIIMH U €10 HEOOPAaTUMBIX Ae(opMalnil BBOAATCS CIAECIYIOMUE OrpaHUYECHUS

Ha HAIPSDKCHUSA B OeToHe Gp.
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- 0, < 0,61, OT JEHCTBHS KPATKOBPEMEHHOM HATPY3KHU;

- 0, <0,45 R, OT neiicTBAS ATMTENBHON HArpy3KH.

Hanpspkenus B G€TOHE OIPEACILIIOTCS JUIsl KpalfHe CKaToro BOJIOKHA OTHAETBHO OT
JCHCTBHS KKAOW W3 Harpys3ok, B3ATHIX ¢ KO3(Q@HUIMEHTOM HaIeKHOCTH MO Harpy3ke
paBHBEIM 1, IO opmyse:

oy = L&,
TIE €, OMPEACNACTCS AaHAIOTHYHO HAYAJIBHOMY COCTOSIHMEO C YUETOM YCHIICHHUS!.
Jlns npeoTBpaleHus pa3pyLICHNs CTAIM, BBOAATCS CIEAYIOINE OrPAHIYCHHUS:

N N h, -
- OT JeiCTBHS KPATKOBPEMEHHOM HATPY3KH & = E,-¢, ->—< < 08R,

—
TI€ X, — TOJIOKEHWE HEHTPAJbHOM OCH TPH CTATHYECKOM ITPOYHOCTHOM pacyeTe Mo
BTOPOH TIpyHNIe MNPEACIBHBIX COCTOSHUH C YYETOM YCHICHHS KOMIIO3UTHBIMH
MaTEPHAIAMH.

Orpanuuenue no HanpsbkeHusaM B KM@ uMeer crneayronmii BU:

< . h -x
- OT ACUCTBUA NJIUTCIILHOW HAIPY3KU -0 = K (&,

. .
~Ew) SR

x
e

rae 77 < I — x03(PUIHUEHT, OTPaHHINBAIOIIHI HATPSDKCHUS. B KOMIIO3HTHOM MaTepHale H
3aBUCAIIUY OT ero Tuma. OCHOBBIBA’ACH HAa SKCICPUMEHTAIBHBIX HCCIAEIOBaHHUSX [54],
MOHO pekomeHnoBats 77 = 0,8 mst KM®VY; 0,6 qyist KM®A u 0,3 nns KM®C.
JIOTIOJHUTENBHO TAKKE MPOBEPAETCS BO3MOXHOCTh HApyLIEHHs MOBEPXHOCTEH
pasmena B cCHCTeMe «O€TOH — KIeAIUi COCTaB — KOMIO3HTHBIM MaTepHaiy.
MaxcuManbHble KOHIEHTPAUUH HaNpPsOKEHHH B 3TOH crcTeMe HaOMIoAaloTCcs Ha KOHIAX
OPUKIICEHHOTO K GETOHY KOMIO3MTHOIO MaTepuaia U B MeCcTax AUCIIOKAIWK TpenwH. [Tpu
SKCIUTyaTAMOHHBIX HArpy3Kax HayalbHBIH IPOLIECC HapyLIeHUS MOBEPXHOCTH W3-3a
YMEHBIIEHUS CLHEIUIEHHS KOMIIO3UTHOIO Marepuana MoXeT ObITh MPEMOTBPAIICH TaK XKe,
KaK COXPAHAETCS JIUTENbHAS LENOCTHOCT 30HBl AHKEPOBKH TIPH LIMKITMYECKIX HArPy3KaxX
WM UMKIAX «3aMOPaKMBaHHE—OTTauBaHHE». Il yHOBICTBOPEHUs 3TOTO TpeOOBaHUS
JIOJDKHO COOJIOAThCSA YCJIOBUE, YTO IPH JJIMTENBHOH Harpy3ke Mo BTOpOM Trpymme
[PEACIbHBIX COCTOSHHI MAKCUMAalbHOE HANPSUKEHHE CIBUIa Ha KOHIIE TIOJIOCH JJAMHHATA

KM® 7, onpeneneHHOE B paMKax TEOPHH YIPYIOCTH, MEHBLIE YeM Ry, ... B ciydae

72



JONOJIHUTEIBHOM aHKEPOBKA KoHIA moocsl KM® 3ta mpoBepka HE  SBISETCA

HeoOxoauMoi. ONMH 13 BapHaHTOB OMNPECTIEHUs 7. TpUBeneH B pabote [56]:

G L Te(h-
L V- R S R VR LA (36)
L E_-t -t 1 L

rze

G, ¥ [, — MOJyJib CABHTA W TONIIHMHA KJIEAIUI COCTaBa MEXIY MOBEPXHOCTAMHU
6eToHA M KOMITIO3UTHOTO MaTepuana,

Oy U M.y — ToOmepeuHas cuia M M3rUOAIOIMH MOMEHT, NEHCTBYIOUIME B
CEUYCHUM, COOTBETCTBYIOMIEM KOHLY nosiockt KM®.

JlokanbHOe paspylleHue CLEIIeHus ¢ 00pa3oBaHMEM TPEIMH  MOXET
MIPOMCXOAUTH W TPH pacueTax IO IEPBOMY IPEACTIBHOMY COCTOSHHIO. OmHAaKO INpu
JEMCTBUM TOJBKO OKCIUTYaTAMOHHBIX HArPy30K OJTOr0 BHJA pPa3pyLICHHUS MOXHO
n30exaTh. JIOKanbHOE Pa3pyIICHUE MOXKET IPOU3OHTH, €CIIH MIEPEMEILIEHHE TOBEPXHOCTEMH
OTHOCUTENBHO Apyr JApyra Oyaer Ooibllie BEIMYMHBL Sy FlccnenoBaHus ke,
BHINIOJTHEHHBIE B padoTe [55], mokazaiy, 4To MpOJOJIBHOE MEPEMEIIEHHE Sy COCTABIAET
0,224 MM, 4TO COOTBETCTIBYET IIMPUHE PACKPHITHS TPEIUHEI 25, = 0,45 MM, B TO BpeMA
KaK KareropusMu TpeOOBaHWH 10 TPEHIMHOCTOMKOCTH JOMYCKAETCS MAaKCUMAIBHOE
packpeite TpemmH 0,4 MM, M3 3TOro cmemyer, 4ro TakoW TWN pa3pyIICHUS
MAJIOBEPOSATEH.

B zakmoueHne 3Toi  TaBel Ha pucyHke 19 mpuBemeHa OGnok-cxema
[IPOEKTUPOBAHUS YCUICHUS U3rHOAEMBIX >keJIe300€TOHHBIX KOHCTPYKIHI KOMIIO3UTHBIMU

MarepuajiamMu.

73



LIEHKa COCTOAHUA KORGTPYK WA ANG NDUNATHA DELIEHNR O
NDYMEHEHAA KOMITOSULIMOHRLIX MATEDUATIOB

BuuCretie FeoueTpIHEct X 1 (USMHECKinX XBPAKTEPHCTHK KOHCTOYKL{H W UATepHaN0s |

Mo L0 yeunera KoHeTpyxym

Onpegenene y3rvbaipLUEro MOMEHTA DT BHELIHEN HAFDY3KY

Onpegenerie warnbaioLyx MOMEHTOB OT NONHON HATPY 3K
ana 1 n il roynn npenensHsix coctonwmt M

Onpegenete TpebyemMoro AnA YOUNEHIA NONEPEYHOTD CYEHMS
KOMPOSULMOHHOTO MATEDMANA NO NEPRO FPYANE NPEAENbHBIX
COCTOAHM (MO NSTHBAIOLEMY MOMENTY i NONEDEYHON Cite)

OnpaneneHine MOMEHTa TPELYMHOCODA0BAHMS 1D BTODON rpye
npesensHsIX CocToAHA Merc

Her

Het |

Mere>M fe

TpoBepka YCROBHA 0 LIMDYHE PACKDBITHA THEIMH & so>8os1, Bve>den: J

2

TToAGOD KOMHECTBA KOMPOSHLHOHHORO MATEDHARA N0 OTPAHHHEHNIO
LUIMPUH! DACKDSITHA TDELMH 1 UX OGTBAYIOLIE0 3aKDbITUS

a

I
Onpenenerue fedopuaLwil BETORA £», BDMATYPL! &s U NTAMUHETA Ee.

Ecmu gy g5t ge < gaar

Her

Jedopmauusm bETORa, ADMATYDL! U NAMMHATA

Ho;]ﬁop KOMA4ECTBA KOMROIULMORHOTO MATEpHana no AonycTumbiv

Onpe;{eneHMe HOPMANBHBIX W KaCaTeIbHbIX HANPAXeHHY B CHCTEME
| yeuneua ang BLIBOPA KNEALETO COCTARA U AHKEPHBIX YCTPOICTB

PucyHok 19 — Biok-cxema npoeKTHPOBAHUS YCHIICHHUS JKeNe300eTOHHBIX KOHCTPYKIUHAI

KOMIIO3UTHBIMHA MaTCpruaiaMu
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S IIporuo3upoBanue pa3pylmleHui yCHIEHHbIX KOHCTPYKIHH B IpeaebHbIX
COCTOSTHHSIX

5.1 IIpo4HOCTE YCHJICHHOI KOHCTPYKIMH 10 HAKJIOHHBIM CCHEHHAM

ITpuuuHBl pa3pyllcHUs KU3ruOacMbIX >KEIe300€TOHHBIX IEMEHTOB, YCHICHHBIX
BHELIHHM apMHPOBAaHUEM KOMIO3UTHBIMM MaTepuajaMH, MOTYT ObITh pa3OUTHI Ha 1B
OCHOBHBI€ I'PYIIIIBL

- paboTOCTIOCOOHOCTh YCHIIEHHOW KOHCTPYKLMM COXPAHSIETCS BIUIOTH IO Haydama
paspyiieHns 6€ToHa CxKaToi 30HBI WK paspylleHus pacTaHyToro KM® (Takoif xapakrep
Pa3pyIIeHNs MOXHO Ha3BaTh «KJIACCHUECKUMY ),

- pa3pylICHHE KOHCTPYKLUMM HACTYNAET paHEE U3-3a OTCIOSHHS KOMIIO3UTHOTO
Matepuana oT 6eToHa.

Obuiee pa3pyuIeHHe KOHCTPYKIMH MOKET HACTYIUTD B CIEAYIOUAX CITyJastx:

- IUIACTHYECKOE pa3pylLICHHE apMarypbl PAcTAHYTOH 30HEL NPU JOCTHYKEHUH
HaIPsDKEHUSME B CTEPXKHEBOH apMaType (pu3ndecKkoro (YCIOBHOIO) Ipeena TeKy4eCTH ¢
JanbHEHIIMM pa3pylueHHeM OeToHa CKaroff 30HbL Ecnu KOHCTPYKUMS apMUpOBaHa
BBICOKOMPOYHON MPOBOJOKOM € MaJbIM OTHOCHUTENBHBIM Y/JIMHEHWMEM MpPU pa3pbiBe
(okono 4%), TO OXHOBPEMEHHO C PAa3pbIBOM MPOBOJOKM NPOMCXOAUT pa3apoOncHue
OcToHa cCKaroil 30HBL PaszpylieHMe B 3TOM ClIy4ac HOCHT XPYOKHHA Xapakrtep.
Komno3uTtHblil Marepra npu 3TOM HE Pa3pyLLACTCs,

- XPYHIKOE paspylleHHE OCTOHA CXATOH 30HBI B BIEMEHTAX € M30OBITOYHBIM
COAEP)KAHUEM PACTSHYTOW CTaJbHOM apMarypbl W  PACTAHYTOr0 KOMIO3UTHOTO
Marepuana. IIpuMeHeHre BHEIMHETO yCWiIeHWs KOHCTpyknud KM® B pnaHHOM ciydae
Mano3$deKTHBHO;

- IUIACTHYECKOE pa3pylIeHUE apMaTypbl DPAcTAHYTOH 30HBI NpU HEOOJIBLIOM
MPOLIEHTE apMUPOBAHUS KOMITO3UTHEIMU MaT€pPUATIAMH, YTO B NMEPBYIO OYEPeb NPUBOIUT
K WX pa3pbiBy U MEpepacnpeaeieHuio Harpy3Kd Ha BHYTPEHHIOIO CTAIbHYIO apMarypy H3-
3a Yero HauMHAETCS €€ pa3pyLLUeHHe.

MectHOe  paspylleéHME  YCWICHHOW  BHEIIHMM  apmHpoBanuem KMO
Kene300eTOHHON KOHCTPYKLUMH MOXKET MPOM30UTH M3-3a MOTEPH CLETUICHHS MEXIY
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6eTOHOM W KOMNOSWTHBL M MaTepuanom, a Takxke M3-3a paspyW eHus KOHTAakToB cnoes
Xopow as agreams mex ay KM & u 6GeToHOM npexae BCero HeoGXOAMWMaA ANs nepepaun
AecTBYylo W ux ycunui ¢ GeToHa Ha KOMNO3IMWTHL i Martepwan ycuneHwHws. Hapyw eHue

cuennenms Mex Ay NnoBepPXHOCTbK 6eToHa W KOMNO3IWTHL M MaTepuanom noag AelcTemnem

HOPMantHb X M KacaTenbHbL X HaNpaAX eHHUI npusoAuT K MEeCTHOMY paspyw eHuio
KOHCTPYKUMM, 44TO HEOGXOAMMO yuwTb BaTb NpuU oOnNpepeneHum ee mHecyu ei
cnocoGHOCTM Cc BHEwW HAM apmMuposanmuem KM ® . MepBoHauanbHO TAaKoOW BUA pPaspyw enns

066 YHO NPOUCXOAMT Ha yuacTke C Tpew MHWoi. Mpu ero pacnpocTpanHeHuum Ha Apyrue
ysuacTKkuM BHew HUW KM ® TepseT cNnocCoGHOCTHL BOCNPUHMUMAaAThL Harpysku M NPOUCXOAMNT
ero otcnoenne oT 6eTomna Ecnn npw sTom oTcyTtcTeyerT BO3IMOX HOCTS
nepepacnpepenenvs HanpaX eHud C BHeWw Heldl apmMaTtypb M3 KOMNO3IMTHOrNO MaTtepuana Ha
BHYTPEHHIO 0 CTANbHyW ,TO OTCNOEHUE MOX ET HOCUTL XPynkWi XxapakTep 4 NPOMCXOAMTE
BHesanHo

B 06w em cnywae B pesynbTaTte pemoWTa M ycuneHUs K enesoGeToHHOIN

KOHCTpPYKU UM BHEW HUM apmupoBaHuem KOMMNO3MWUTHB M1 MaTepuanammu ee ceueHnue

npepcTasnaerT coGoi CNOeHb i Nupor (PUCcCyHok 20)

PUCYHOK 20 - BO3MOX Hbl € NOBEPXHOCTM PAa3pyW eHnsa ycunueaemon (pemoHTupyemoii)

K eneso06eTOHHON KOHCTPYKY MM
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Paspymenne KOHCTPYKLIMH BO3MOKHO O CIIEAYFOIIUM IISTH HOBEPXHOCTSM:

- pa3pyllcHUE B CTApOM OETOHE HEMOCPEACTBCHHO Y CKICHBAEMOI MOBEPXHOCTH
WITA BO37IE BHYTPEHHEH pacTAHyTOH apMarypsl. B ciyuae BHIOIHEHMS PEMOHTHBIX paGoT
9TOT TUN Pa3pyLICHHUs OTHOCUTCS M K HUCIONB3yeMOMY PEMOHTHOMY cocrtaBy. Otcroga
BEITEKAeT TpPeOOBaHME K HOPMAaTHBHOH IPOYHOCTH HA pacTsHKCHHME O€TOHA WM
peMoHTHOTrO coctara 1,5-3,0 MIla;

- paspylIeHHe Ha TpaHMIle MEKAy OCTOHOM M pPEMOHTHEIM COCTaBoM. J[ist
OpeNOTBPALICHA 3TOr0 BHIA pa3pyLIeHHs HEOOXOAHMMO HCIONb30BaTh CHUCTEMHBIH
PEMOHTHBIH CcOCTaB, o00JajarolMi BBICOKOH anaresuedl um ¢ JaeopManMOHHBIMU
cBolicTBaMH, OMM3KHUMH K Je(OpManMOHHEIM CBOICTBaM CYIIECTBYIOMEro OETOHA, HTO
o0ecreduT UX COBMECTHYIO paboTy. AAre3us KICSAIIHA KOMIO3ULUMHU K OCTOHY B 3TOM
cilyyae JOJDKHA HAXOAUThes B mpenenax 2,0-2,5 mI1a;

- paspylueHHe B KiedmeM cocTase. [IpouyHOCTh Ha PpacTsHKEHHE CHUCTEMHOIO
KJIESIIIET0 COCTaBa OOBIYHO BHIIIE, YeM y OETOHA, M MO3TOMY pa3pyIMIeHHE HPOHCXOANT B
6etoHe. Paspyiienue mo 5Tolf MOBEPXHOCTH MOKET HMPOM30MTH TONBKO MpPH BBICOKOM
TeMIepaType MWIM NpH OYeHb OONBINOM TPOYHOCTH OETOHA HA PACTsDKCHHE.
[TaponpoHuLIaEMOCTb  YCHUIIMBAEMOH CTPOUTENBHONW KOHCTPYKUMH oOecrneunBaeTcs
WCIIOJIb30BAHUEM CHCTEMHOM MapONPOHMIIAEMO alr€3HOHHOM CHCTEMBI (paiiMep, cMoJia
u nokpeitue PU);

- paspylLICHUE IO KOHTAKTY MEXKAY OCTOHOM U KIECALIEM COCTABOM MM MEKIY
KiesmeM coctasoM M nonocoii KM®. 3ToT BHA pa3pylleHHS BO3MOXKEH TOJIBKO IIPU
HEKAYECTBEHHOM OJArOTOBKE OETOHHOM MOBEPXHOCTH B MPOLECCE MPUKICUBAHUS MONTOCHI
KOMIIO3UTHOIO Marepuana. Bo Bcex ciydasx aaresds Mexay CIOosSMU JOJDKHA ObITh He
Menee 2,0-2,5 mlla;

- paspylieHne COOCTBEHHO KOMIIO3UTHOTO MaTepuana. B mpmHImme Takoif BHI
paspylienns Bo3MOXeH, Tak kak KM®Y cOCTOUT M3 ABYX COCTABIAIOIIMX: YIJIEPOAHOTO
BOJIOKHA ¥ OTBEPKAAOIIEro noinumepa. OJHAKO Ha MPaKTUKE 3TO BO3MOXKHO TOJBKO MPH
HEKAUECTBECHHOH 00pabOTKE TOBEPXHOCTH, NPW HEHPABIJIFHOM MPOSKTHPOBAHHH
YCWICHUS. ¥ NPU IPEBHINICHUN ACHCTBYIOIMIMX HA KOHCTPYKLUIO HArPy30K MpPEAeTBHBIX

BCJIHYMH, MTPUHATBHIX NPU MTPOCKTUPOBAHUN.
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IloBeneHHE KOHTAKTHOTO CJIOS MEXKTYy OCTOHOM M NpHkieeHHEIM KMO
SKCIEPUMEHTATIBHO HcclenoBanock Bizindavyi L. u Neale K.W. [28]. Hcneiranus
IPOBOTMINCE B YCIOBHUAX 4KcTOrO capura. KM@V mmprHoit 50 MM ¥ TommmrHOHA 1,2 MM
ObLT TIpUKIIEEH K OETOHHOM TMOBEPXHOCTH Ha mmuHE 250 MM. MccienoBanuch BEIUYHHA
HaNpsKEHUH CIBUIa M UX MAKCHMAIBHOE 3HAYEHHE 110 JUIMHE COCJIMHEHNS B 3aBUCUMOCTH
OT YpPOBHS IIpUIIAraeMoii CIBMroBOM Harpy3kd. IIpm HEOGOIbLIOM YPOBHE HATPY3KH
CABUTOBBIC HANPKECHUS B OCHOBHOM CKOHLEHTPHPOBAHEI Y KOHIA JIEMEHTA, K KOTOPOMY
OPUIO)KEHA CIBHIOBAas Harpy3ka. IIpu BO3pacTaHMM HArpy3KM MAaKCUMAJbHBIE
HanpsDKEHUsl CIBHMIa TMEpEMEINATCs MO HalpaBICHUIO K HE3arpy’KEHHOMY KOHIY
coenuHeHus. JJaHHOE UCCIEe]0BaHue HE MO3BOJISICT B IOJHONW MEpE OLECHUTH NOBENCHHE
KOHTAKTa MEXKIy BHEMIHMM IpukiceHHBIM KMO®VY u 6eToHOM, Tak Kak B HEM HE
YUUTBIBAIOTCA HOPMAIbHBIC HANPsDKCHMA, NEPHCHIUKY/SIPHbIE IUIOIAAKE CABMrA H
BBEI3BAHHBIE ACHCTBAEM M3IUOAIOIIET0 MOMEHTA.

IToBeneHre MOBEPXHOCTH CLETUICHUS MEXIY OSTOHOM W BHEINHEH W BHYTPEHHEH
apMarypoil MoxeT OBITb 0XapakTepH30BaHO 3aBUCUMOCTHIO «HANPSHKCHHE CABUTA —
nepeMelieHre». JTa 3aBUCUMOCTD ISl Pa3fMUHBIX BHIOB apMaTypbl HCCIEIOBAIach B
pabote [28]. I'paduku 3aBHCHMOCTH «HANPDKEHUE CABHTA — [EPEMELICHHE» Ui
PasMUHBIX THIIOB apMaTyphl IpUBEACHH Ha pucyHKe 21. Ha 3Tux rpaduxax clenneHue ¢
6eToHOM BHEMHEH apMarypsl 13 KMV tommuHo# 1,2 MM (kpuBas 1) cpaBHHBaeTCs co
cuenneHnueM ¢ O6TOHOM BHYTpeHHelt mepuoamueckoro mpodmis (kprBas 2) U INIaAKoit
(xpuBas 3) cranpHOM apmarypoif mmamerpoM 12 M. Kak BuaHO m3 rpaduxos,
NOTeHUMaIbHas sHeprus cuemieHnss KMOY (wiomans mox KpuBoi 1) MHOTO MEHbBIIE
HOTEHIHATFHO! 3HEPruH, KOTOpoil oOnamaeT cremweHHe ¢ OCTOHOM BHYTPEHHEH
apMarypel. OTa pa3HHIA B IOTEHLIUAIbHBIX SHEPIUAX CLCIUIEHUS SBISIETCS (akTopoMm,
OKAa3bIBAIOLIMM CYLICCTBEHHOE BIMSHUE HA DACIpPEICTICHUE DPACTATHBAIOIIMX YCHIIHMIA,
HEPEJAIOIINXCS HA BHYTPCHHIOI UM BHEIIHIO apMaTrypy. JlaHHOE MNOMOKEHHE MOKET
OBITH UCTIOIBE30BAHO [UTS pacueTa yCHINH aHKEPOBKH KOMIIO3UTHOTO MaTepraia u pacieTa
10 00Pa30BaHHIO U PACKPHITHIO TPEIIHH.

ITpu wucnbITaHusaX oOpasLoOB ¢ BHEIUHUM apMupoBanmeM KMO®Y Ha wu3rud

HamOoNiee HWacTO pa3pylICHHE IPOMCXOMUT B  PE3YNbTATE OTCIOCHHS  I10J0CHI
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KOMITO3UTHOTO MaTepuana OT MOoBepxHOCTH OeToHa. [Ipu 5ToM Hambosee caadbiM MECTOM
cuerienns Mexxay nojiocoit KM@Y u GeToHoM siBisieTcs 6€TOH, pacioIoKeHHBIH BOINU3H
MOBEPXHOCTH COETUHEHUS. B 3aBHCHMOCTH OT Ha4dalIbHOM TOYKH TIpoLlecca pa3pyLICHHS
BBIIIEIISIIOTCS CIIEYIOIIME TUITBI Pa3pyIICHHUs, TPEACTaBICHHbIE Ha pUCYHKeE 22 [29].

Tun 1. PaspyiieHne HaUMHACTCS B HEHAPYIIEHHOH TPELMHAMH 30HE aHKEPOBKH.
KoMno3uTHblii Marepua MOXKET OTCIIOMTLCS B OTOM 30HE B pe3yJbrare u3joMa GeToHa
MoJ AEHCTBUEM CABUTAIOIIMX HAMPSDKEHMH HA KOHTAKTE CJIOEB.

Tun 2. OrcnoeHune KM®Y npoucxoguT B pe3ynsrare oOpa3oBaHHS TpPELINH
u3ruba oT AeiicTBUS BHEIIHEH Harpy3kd. TpemwHbl u3rinba B GeToHE, NMEPBOHAYATBHO
HOpPMANbHEIE K OpPOJONBHOM OCH JIEMEHTa, MOTYT Jajee pPacmpOCTPaHATHCA
TOPU30HTAILHO. B 3TOM ciydae OTCIOCHHE MOJOCH KOMIIO3UTHOIO MaTepuaia
TPOU30MIET B EHTPANBHOM YaCTH KOHCTPYKLMH B OTAANICHUH OT 30H aHKEPOBKH.

Tun 3. Orcnoeane KM®Y B pesynsrate 0oOpa3oBaHHS HAKIOHHBIX TPEILHH,
KOTOpbIe 00pa3yroTCs B PE3yJbTaTe COBMECTHOIO ACHCTBHS HOPMANBHBIX M KacaTeNbHBIX
HAPsHKCHUM ¥ MOryT OBITh JOMHHAHTHBIMEA IPH OTCIOCHHH IOJOCHI KOMIIO3HTHOTO
Marepuana. ORHAKO, B KOHCTPYKUMSIX C JAOCTATOYHBIM BHYTPEHHHM U BHEUIHUM
MONEPEYHbLIM apMUPOBaHUEM O00pa30BaHUE TaKWX TPELIUH MAJOBEPOSATHO M OTCIOCHHE
KOMIIO3UTHOTO Marepuala BO3MOXKHO TOIBKO IIPU HENOCTATOYHOM IIONEPEYHOM
apMHUPOBAHUH.

Tun 4. OrcnoeHre KOMIIO3UTHOTO Marepuaana MOXKET OBITh BRI3BAHO U
HEPOBHOCTSIMH TIOBEPXHOCTH OcToHA. HEpOBHOCTH M  IIEPOXOBATOCTh OETOHHON
MOBEPXHOCTH MOTYT CIIY>KUThH TIPHIUHOM HaYaIbHOM MECTHON TIOTEPH CIETUICHHUS MOJOCHI
KM®Y ¢ 6eToHOM, KOTOpas MOXET PacHpOCTPaHUTBCS Jalee W CTaTh NPHYMHOMN

OTCJIOCHHUA.
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Tum 4

mix

Pa3NUYHBIX THIIOB apMaTyphl

A

Kpuitaan Tun3
TpemEHEA

BEyTpenman
apuarype

Bremaas
apMaTypa

PucyHok 22 — Tumnsl pa3pyLieHus xene300€TOHHOH KOHCTPYKIMH, YCUIICHHOM
KMoy

OKCrepUMEHTANIBHBIE HCCIIE0BaHMs, MPoBeacHHbIE Jansze W. [30], moka3bIBatoT,

YTO B CIIy4ae pacnooKeHus: KOHIOB JIeHTHl KM®Y Ha HEKOTOpPOM PacCTOSHUM OT OLOPHI

L (naubosice THIMYHBIH CiIydail) B 3TOM MECT€ MOXET 00pa3oBaThCid BEPTHKAIHHASL

TPEIAHA, KOTOpast B JaJIbHCHIIEM MOXKET Pa3sBUBATECA HAKJIIOHHO, KakK OT JEUCTBUS
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MonepevHoit cunbl (pUCYHOK 23, sieBas TpeumHa). OJHAKO B CIydae JOCTaTOYHOIO
BHYTPCHHETO MONEPEYHOr0 apMUPOBAHUS PAa3BUTHE 3TOM TPEIIMHBL B BEPTHKATEHOM
HaMPaBIICHUM OCTAHABIMBACTCS, M OHAa HAYMHACT PA3BUBATBCA TOPU3OHTAIBLHO
NApalIebHO BHYTPEHHEH IPOAOIBLHON apMarype. B pesynbrare mpukiceHHas Mojioca
KOMIIO3UTHOTO MaTepuajia BMeCTe ¢ OETOHOM OTAENSAETCS OT OCHOBHOM KOHCTPYKIHM HA
YPOBHE NpPOJOJBHOH apMaTrypbl B BHJE CKalbIBaHHA (pUCYHKe 23, mpaBas TpEUIMHA).
Takoi xapakTep paspyllICHHs Has3bIBacTCs OTPhIBOM OerToHa. O0a 3THX MEXaHH3Ma
pa3pylleHuss MOryT ObIThb pealn3oBaHbl TONBKO B TOM Cydae, KOTAA MakCHMabHas
nonepeyHas cuia, JCHCTBYIOINAs Ha PAacCTOSHUM L OT OMOPHI, MPEBBICHT JOMYCTAMOE

3HAYCHHUC.

o

Pucynoxk 23 — Xapaxrtep pazpyleHns Ha KOHLE nogocsl KM@

5.2 Hporﬂomponalme MOSIBJIEHHS OTCJI0€HHIi B KOHIIE 30HbI AHKECPOBKH

KOMIIO3UTHOI'0O MAaTE€PHAJIA B 30HE TPCIINH u3ruda

INosiBNeHNE HAKIIOHHBIX TPEIMH OOYCIOBJIEHO Pa3BUTHEM TOPU3OHTANBHBIX M
BEPTHUKAIBHBIX JeOpMaluii 1 MPOUCXOAUT BCIICICTBHE CYMMAapHOIO MX BO3JCHCTBUIL
Ortcnoenne KM MOXET POM30MTH W3-3a PACKPBITHS FOPU30HTATIBHBIX TpeuH. OIHAKO U
BEPTUKAJIBHOE PACKPLITHE TPELMH MOMKET TAKXKE SBUTBCS PE3yJIbTaTOM OTCIOeHHS KM,
TaK KaK MPOUCXOMUT IO NPUYMHE MOSBICHHS PACTATHBAOIINX HANPDKECHUH B 3aIIMTHOM

cnoe OeToHa MEXKIOy MarepralioM YCWIICHWS U BHYTpPEeHHel npopmonbHOU paboueit
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apmarypoil. Ha nosiBnenue orcnoenuii mMexxay KM u GeTOHOM BIMSIOT CIIEAYIOUINC
NapameTpsI:

a) BEPTUKAIBLHOE PACKPBITHE TPELIUH;

6) JKECTKOCTh MaTepHalia YCHIICHHS,

) IPOYHOCTH HA pacTsHKEHHE OETOHA.

Bo3nukHopeHue orcnoeHus KM moxa BozaelicTBHeM K3rUOAOMIUX HArpy30k
MOJKHO ONMCaTh KOJIMYECTBEHHO MpHU HoMoly moxenu Deuring [57], koTopas siBiseTcs
HauOojee MOJIHOW, HO OYEHb CJIOKHA B MNPAaKTUYECKOM MpPHMEHEHUH. Monens,
pazpabotanHas Blashchko [58], mporrHo3upyeT, 9To NOABICHHE OTCIOECHHI B 30HE TPELTHH
CIABUTAa MOKHO IIPEJOTBPATUTH OIPaHMYCHHWEM JCHCTBYIOIEH CHWIBI  CABUra
COTIPOTHBIIEHNEM CIBHTA (J, STIEMEHTOB 0€3 MOMEPEUHOr0 apMUPOBAHUS CO CJIEIYIOIIM
U3MCHEHUEM XapPAKTEPUCTUKU IIPOYHOCTM OETOHA HA COBMI Ry, U OSKBUBAICHTHO

K03(ppUIHMEHTY apMUPOBAHHUS Llgym

Ry, =0.15R,'" (37)
A+ A, - IL:‘
/’lSllnl: 7”: 2 (3 8)
b-h

rae

hy — pabouas BbICOTa CECUCHHUSA, MM,

A, — TUTOMA/TH TIOTIEPEYHOTO CEHeHHs CTAIbHON ApMATyPhl, MM

b — mIpUHAa MONMEPEYHOTO CEYCHHS IITEMCHTA, MM,

A, — TIOWA/TH TIOTIEPEYHOTO CEYEHHMs KOMIIO3UTHOIO MATEPHaa, MM’

E, — pacyerHblii MOJYJIb YIIPYTOCTH KOMIIO3UTHOTO MaTepuaina, H/MMZ;

E, — MOJTyJTh YIIPYTOCTH CTAJIbHOM apMarypsi, H/Mm’.

B cinyuae CHWKECHHS INPOSKTHOH HeECymel CHOOCOOHOCTH Ha CIABHUI HIDKE
TpeOyeMOl pacyeTHOH BEIMYMHBI BO3HUKACT HEOOXOAUMOCTh YCIWICHHS. KOHCTPYKLIUM HA
nonepeuHyro cuy. Ha oOcHOBaHMM 3KCHOEPUMEHTANBHBIX  JAHHBIX  YCTAHOBJIEHO
BBIPKCHUE TS ONPENCITEHNs HeCyIe CrocoOOHOCTH Ha NMONEpeunyo ety O, = Ryb-du

3HAYECHHE MPOYHOCTH HA CABHT T, = 0,38+151 11,
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TIpoTHO3 TIOSIBIICHHST  OTCJIOCHUS B KOHIIE 30HBI aHKepokn KM@ u B 30HE
NOSBICHUS TPELIMH M3rmba MOokeT OBITH CJENaH COIVIACHO Pa3MYHbIM BapHaHTAM,
KOTOPBIE KPaTKO OMHCHIBAIOTCA B JaHHOM paboTe.

OpnHUM M3 BapUAHTOB, 0OECTIEYMBAIONINX IIPEAOTBpaLIeHNE OTchlauBaHus KM®,
SBJISETCSl OTPAHMUCHUE PACTATHUBAIOMNX Ae(opMauuii 10 OMpeneNieHHOT0 3HAYeHus. B
JOOTIOJTHEHHE K 3TOMY, KOHIeBas aHkepoBka KM® momkxna OBITH 00OCHOBaHa ¢
HCIOTb30BAHAEM METO/IOB, OCHOBAHHBIX Ha MEXAHMKE Pa3pyIICHUS W HA COOTHOLIEHHAX
HampsHKEHHE CIETUICHNs — caBur. [lpwHOMO orpanmdeHus nedopManmii 00bexuHeH
HECKOJIbKMMH TIPABIIAMU MTPOSKTUPOBAHKS M TEXHUUECKUX HHCTPYKLHMH C OTPaHHYCHUEM
nedopmaruii B nuanasone ot 0,0065 mo 0,0085.

Pesynbrarsl TeCTOB nokasanu, 4T0, korna KM® nmoasepraeTes pacTATHBArOIAM
nedopMarisM, TOSBICHAE OTCITOCHHS 3aBHCUT OT OOJIBIIONO 4MCIa HapaMeTpoB, TAKUX
KaK CBOMCTBA Marepuaia YCWICHHS M OCTOHA, TWNA HArpy3KW, LIMPUHBI PACKPHITHS
TpEeMH U T.1. Pemenune 3amau PasHBIX THUMOB HEC MOXET OrpaHUYMBATBCSA TOJILKO
orpanuueHueM aedopmaumii. Hampumep, orpanmueHue paepopmanuii B HEKOTOPBIX
CIIydasXx BEAET K HEIKOHOMHYHOMY HCIMOJb30BaHHI0O KM®, 0COOGEHHO IpU yCUIIEHUH
6OJBIIIX IPOJIETOB.

B kagecrse mmpuMepa JUIS TIPOBEPKHA AaHKEPOBKM TMPEICTAaBIEHA MOJEND
Holzenkampfer [52] ¢ manpHeiimmM ee passutieM Neubauer u Rostasy [55]. Ota mojens,
OCHOBaHHas Ha 3aKOHE CIEIUICHNUS, 1aeT MaKCUMAITFHOE 3HAUCHHE YCUITHS AHKEPOBKH, N,

max 1 MAKCUMATBHYTO JUTHHY 30HBI AHKEPOBKH €4y s

Nangmax = ¢ ke b - kb',.,‘,”E‘_ ARy, (H)> (39)
| E, -t
ean,max: 4 .A (MM)z (40)

e, R,,
rae
a — TIOHWKAMOMNA KOd(PPUIHUEHT, npuOmM3uTenbHo pasHbId 0,9, KOTOpBIA
YUMTHIBAET BJIMAHME HAKIOHHBIX TPEIIMH HA MPOYHOCTH cueruieHusd (o = 1 B 6ankax co
3HAUMTENILHBIM BHYTPSHHMM W BHCIIHAM aPMHPOBAHHEM H B TUIMTAX);

K. — KOO ULMEHT, YINTHIBAIOLUINN INIOTHOCTE OSTOHA (K. MOXKET HCIIONB30BATHCH

CO 3HAUYCHUCM 1, HO Uil TIpUMCHACMOTO Marepuajia YCWICHHS IUId OGCTOHHBIX
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[IOBEPXHOCTEN ¢ HU3KOH ILUIOTHOCTBIO, T.€. JUISl TOBEPXHOCTEH, HE MMEIOIIMX KOHTAKTa C
onayOKoii BO BpeMs OTIHBKH, k.= 0,67);

Kp — KOO(QGULUEHT, YUUTEIBAIOMINMN TEOMETPHIO KOHCTPYKITHH:

(41)

rae

b.s/b>0,33;

b — mmpyHa IPAMOYTOJIBHOTO CEUCHHS; IMPHHA pedpa TaBpOBOTO W ABYTABPOBOTO
CEUYCHU; IUPUHA OJHOMI U3 CTOPOH NPAMOYTOJIbHOM KOJIOHHBI, MM,

b, — mprHHa TEHTH KOMIIO3UTHOTO MaTepHaa, MM.

3naueHus b, b, U Ity H3MePAIOTCA B MM, U £, U Ry, — B MIla. 3Hauenus ¢; U ¢,
MOTYT OBITH HOJIYYEHBI IO PE3YNbTaTy TecToB, Uit KM@ oHM s>kBuBasieHTHH 0,64 1 2,
COOTBETCTBCHHO. [IpM COOTHOLICHWH CLUEIISIOMWX JMHH /[, <lan,,., OpenenbHas

CIETUIAOIAs Cuiia Beruucisiercs no ¢opmyne Holzenkampfer [52]:

R [ L J 42)

!/ /

Bonee neranbHbli MOAXOA 7S MPEAOTBPALLECHNUS OTCIIAUBAHUS OT TPEIUH M3ruda
B CiIydae KpaTKOBPEMEHHOM cTaThueckoit Harpy3ku npemioxken Niedermeier [59]. Lensro
STOTO0 IOAXOAA SBIAETCS BBIYUCIACHME MAaKCHMAJILHO-BO3MOXKHOIO — YBEIMYCHUS
pactsruBarommx gedopmanuit B mpepenax KM®, koTopble MOrYT TNEpeAaBaTbCs
MOCPEICTBOM HANPSDKECHUS CLEIUICHHS MEXIY IBYMS COCEIHMMHU TPEIIUHAMU. JTO
YBEMUYIEHNE JODKHO OBITh YITEHO ITPU TPOESKTHPOBAHUH MOTHOTO COBMECTHOTO AeiCTBUA
(pucyHOK 24). Pe3ynbTaThl TECTOB MOKA3BIBAKOT, YTO MOTEPs CLEMJICHUS M OTCIOCHUE
VHUIUUPYIOTCS TPEIIMHAMH M3ruba, KOrJa pacTaruBarouice HanpsokeHue B KMO

MPEBBIMIACT 3HAYCHUE, KOTOPOC MOXKET OBITH TCPEeaaHO HaNPsDKCHUAMHA CHCTUICHUS.
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Pucynox 24 — [TpoeKTHPOBaHUE YCHIICHHS KOHCTPYKIHIA ¢ HCTIOJIb30BaHHEM
ormGaroIMX TMAMI, TIe: A, — MIOMaIh IOTEPEUHOT0 CEUCHHs CTANBHOM APMATYPhI, MM’
A, — nnowane nonepeyroro ceyeHus KM®; Ns — aeficTByoIme yCHINsS B KOHCTPYKLHH,
H; N, — Hecymas criocoOHOCTh KOHCTPYKLMH, H, [, — AnuHa aHKePOBKH; /.. — PACCTOSHUE

MEXIY TPEIUHAMU

ITosToMy pellleHue 3aaa49u 0 OPEOTBpamieHuIo0 oTcinauBaHus KM®d-namMmuHaToB
COCTOUT U3 TPEX STANOB:

- OTIpeIETICHHE CaMOTO HEOJIArompUATHOTO PACKPHITHS TPELMH M3ruoa;

- OMpefefieHHE pPacTATMBANOMET0 ycwamMs B mpemenax KM Mexay aByms
COCEJHUMU TPEIMHAME COTJIACHO MPOECKTUPOBAHUIO PU U3rude;

- OompefieleHHE MAaKCHMAIbHO-BO3MOXKHOTO VBEIMYCHHS B PACTATHBAIONIAX
HanpsbkeHusax KM.

PaccrosHHE MEXIy [BYMS COCEOHMMH TPEIMHAMH /,. HSKBHBAJICHTHO
HepeaTouHoi mmHe L, W BBIYKCISAETCS NMPH YCIOBHH HEM3MEHHOCTH HampsKeHHi
BHYTPCHHEHl ¥ BHEWHEH apMaTyphl. 3HAUCHHE CLCIULIIOIETO HANPSKEHUS Ty
onpenensercs o ¢popmyne (43). Ilepenarounas JTHMHA BRIYKCIAETCS 10 Gopmynam (44)—
(47), tne M. — MOMEHT TpemmHOOOpa3oBaHus. B BelpakeHuu (46) koddduunent k
IPUHUMAETCA B pacyeT ¢ OONIBIIMM 3HAYEHHEM IIPOYHOCTH HA PACTSDKEHHE OpH u3rube

Ry IO CPABHEHHUIO C OCEBOI MPOYHOCTHIO Ha pacTsbkeHue KM@ unmm mpodHOCTBIO Ha
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pactskeHue OeToHa. B 9TOM cnyuae 3HaueHHe k mpWHWUMaeTcs paBHEIM 2.,0. 3HaueHHe
nneya Z, ONPENENAETCsA MPH y9eTe O0CEeBOM JKECTKOCTH PA3INYHBIX CIOEB apMarypsl K
KOMIIO3UTHOTO Marepuana (49). i ynpouieHusl BBIUMCICHHI MOXET OBITH HPHHATO
HEU3MEHHOE DPACCTOAHHE MENIY TpELIMHAMH IO JUIMHE KOHCTPYKIMH. CLEILIAIoIe
HaNpsDKEHUs, KOTOPBIE IIEPENAFOTCA B HETPEIIMHOBATYIO 30HY OE€TOHA, OTpaHWYEHEI
TIOCPEICTBOM SHEPIUM PaspyNICHHS. BOJBIIOE PaccTOSHUE MEKAY TPEIIMHAMY SBILETCS
HeOMaronpusTHEIM. PacCTOsARNE MEXIY TpeImHAMH JOKHO COOTBETCTBOBATH 2 UTHHAM

MEPEIATOUHON 30HBI HAMPSKCHUH,

r, =18 R, , (43)
r, =044 R, , (44)
N 1 : 43)
z, (Z T/m~h(+2‘rm d, .7)
kR bk’
M, = D (46)
6
: —ogs. B AR B A (47)

E,-A +16 -4,
rae

Ty — BEIIMUMHA CIETUIECHIS BHYTPEHHeH apMatypst, H/Mm?;

T, — BETTMYHMHA CIETIEHHs KOMIIO3HTHOTO MaTepuaia, H/mm®;

lere — PACCTOSHAE MEXKIY TPEIIUHAMH B PACTSHYTOl 30HE, MM,

M., — MOMEHT, BOCHPMHMMAEMBIH CEUeHHEM HOPMAIBHBIM K MPOAONBHOI OcH
ANIEMEHTA TIPH 00pa3oBaHuy TpewwmH, H-MM;

[, — MOJIyJIb YIPYTOCTH CTaJIbHOM apMaTyphI, H/mm?;

E, — pacyeTHBIi MOMYJIb YIIPYTOCTH KOMITIO3UTHOTO Marepuana, H/mm?

OnpeneneHue pacTaruBaroliero ycuiaus B mpeaenax KME® wmexny asyms
COCEIHUMH TPCIWHAMHU COIVIACHO MPOEKTHPOBAHHIO MPH M3THOE MPOU3BOIUTCS C YYETOM
BHYTPEHHEr0 CUJIOBOTO PABHOBECHS U Ae(hOPMALIHOHHOM COBMECTUMOCTH.

H3BecTHO, 4YTO yBENMYEHHME PACTATMBAIOIINX HANPOHKCHUH MEXAY ABYMs
COCCIHAMH TPCIUMHAMH HE JOJDKHO IIPEBHIIIATH MAKCUMAJIBHBIX, BBIYHCIAEMBIX IO
MpaBUIaM MPOEKTHPOBAHMS M3THOAEMBIX KOHCTPYKIMI. 3TO JOJDKHO OBITH CAENAHO UL

obnacreid, rae MosBSIOTCS TPEIMHBI OT H3rH0a TaK JKe, KaK U JJIs AHKEPHOM 30HBL
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MakcuMallbHO PacTSTUBAOLIee YCHIHE, KOTopoe nmeperaercsa oT KM® k OeTony
HOCPEACTBOM HANDSDKEHMI CLETUIEHNS B AHKEPHOH 30HE (PHUCYHOK 25), BBIYMCISETCS MO

Niedermeier [59] mo popmynam (48) — (50).

- _ 48 {Ec'”nme Ry, MITa. (48)

Ve |\ t

B Boipakenuu (3.12) ¢; = 0,23. MakcuMalibHO BO3MOXHOE HANPSDKCHUE UMEET

CBS3b ¢ 3P (HEKTHBHOM 30HOM aHKSPOBKH 1, max (POpMyIa 3.13).

(49)

rae ¢; = 1,44.

VBenuueHHE B IJIMHE 30HBI AHKCPOBKH /4y mey HE TPUBOAUT K YBETHICHHIO
COTIPOTHBJIEHUS  PACTATHBAIOIMM  HANPSDKEHUAM. OTO  MPOMCXOIUT  BCIEACTBUE
OTpaHHueHHUs PaboTHl PaspyICHHUS, KAk OTMEYAOT MHOTUE HCCIIEAOBATENH, TaKUE Kak

Holzenkampfer [52], ¢ manpHeliimaM passutueM Neubauer u Rostasy [55].

SHYTREYNRR 0METVDS

)

T 1
Caverite bes Tpedmy

L Ceaehite © TEELMHIA
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b

PucyHok 25 — Pa3jenenne aHKEPOBKH HA IPAHUIIC BOSHUKHOBEHUS TPEIIHH:

Ny — ycuIie, BOCIPHHIMAEMOe OETOHOM CXKaToH 30HBI, Ny — YCHIIUE, BOCIIPUHUMAEMOE
BHYTpPEHHEl cTanbHON apMaTtypoii;, N, — ycuime, BOCIIPMHAMAEMOE KOMITO3HTHBIM

MmarepuanoM; () — monepeyHas cuia OT AeHCTBYIOMECH Harpy3KH; 1, — OIOpHAas peaKLys
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Jns [UIMH aHKEPOBKA MEHBIIHX, 9eM Iy mgr, MAKCHMAIBHBIE PACTATHUBAIOLINE

HAIPsHKEHUS OMUCHIBAIOTCS BhpaskeHUeM (50) (pucyHok 26).

! )
o, = —m N . 50
o (2 ] o lan <lan,mwc ( )

an max \ -

Anann3 paloThl Marepuana YCUJICHUS YYUTHIBACT INPOCTEHIINE COOTHOLICHHUS
HATPSDKCHUE CICTUICHUS] — CIBHTY) M TMPWBOANT K BHIPAKCHHSM, KOTOpPBIE MOTYT OBITH
WCIIONB30BAHEl UL BBIYMCICHHS MAaKCHMAIbHOIO VBEIUYEHUS B PaCTATMBAIOMIUX
HanpsKeHUAX (maxAcy) B JJMEMEHTE MeXay [ByMs TpewuHamu. OnpejcneHue G
OCHOBaHO Ha ae(OpMAMOHHON COBMECTHMOCTM W CHJIOBOM PABHOBECHM B CEYCHUM
(pucynok 27).

Ha pucyHke 27 10oKa3aHO MakCHMaJIbHO BO3MOKHOE YBEIMUYEHHE MAaxAGCy,
3aBUCSIIEE OT CIeruIIecKx 0COOEHHOCTEHN PACCTOSHUIM MEXKY TPELIMHAMM.

Touku A, B u C, mokazaHHbIE Ha JAuarpaMme, MOTYT OBbITh OLEHEHBI C
UCIONB30BaHUEM CIIEAYIOIMX BhIp@KeHUM. Ha pucynke 28 TOouka A COOTBETCTBYET
MPOBEPKE KOHIEBOH aHKepoBku, rae Ao, = 0. ComocraBieHHE MaKCUMAJBHOIO
VBEIMUYCHUS B HANPSDKEHUSX WIM B 3TOM CIy4a€ MAaKCHMAIBHOTO — PpacTATHUBAIOLIETO
HaNPSDKCHAST AHKEPOBKH (maanCA) MOeT OBITh OLEHEHO W3 BhIpakeHmit (48)—(50).
®)

3HaueHHe O,  MOXKHO BBIYMCIHTH MO BBIPDDKEHHIO (51) M OHO OTHOCHTCA K

MaKCHMalbHOMY yBenmuennio (maxAc,”), onpenensemomy u3 Boipaxenus (52):

o, WS o [Ry R, d= MIla, (51)

1 4-t,

[z ) 1

1 “E_ +|R, R, .

max /\o'"(m - 751 L + ((Tﬂ“”)z 7(7"_(5) |,MI—[a, (52)
Tu | t

rae c; = 0,185 u ¢, = 0,285. JIuHeHHOE CHIKEHUE HANpPsDKCHUH MEKAy ToukaMud A u B
MOKET oIpelensaTbes u3 Bolpaxkenus (53). Kpusas mexny Toukamu B u C onpenensiercst

BhIpakeHueM (54).
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Ay M. wax Aa
wax Aa @ = wax fla OV ( a (53)

8) ¢
7

PUCyHOK 26 - M3MeHeHMe pacTarmearoLmx HanpskeHnin B KM® no anvHe

aHKepOBKU

Tc

PUCYHOK 27 - AHa/M3 NOSABMEHMS OTC/I0EHUS MPU M3rnbe mMexay TpewuHamm
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PucyHok 28 — JluarpaMma i1 ONPEAEIEHHS MAKCUMAIbHO BO3MOKHOTO

YBEJIMICHAS PACTATMBAOINX HANPSDKEHHH (MAXAG,) MEXAY IByMS TPEIUHAMH

“ - (54)
Jlist MAaKCHMAJTBHBIX PACTATHBAIONIMX HANPSHKEHHWH BEPXHUM TIpeles VBEITHUCHHS
HAIPsDKEHHUI OTpeaenseTcst IPoYHOCcTh0 KM® u3 Boipakenus (55).
max Ao,V =R, -0, . (55)
B dopmynax (48)-(54) enuHunamu u3Mepenuil seistorcs Mlla s HanpskeHui
M MOZYJISL YIPYTOCTH U MM UL JINHEHHEIX BETHUAH /., ..
Mpenmaraemeie  KOYQOUIUEHTEL ¢, ¢, €3, ¢4 U Kk TOIyYeHB KaquOpOBKOM
(TMHEHHEIM ~pPErpecCHOHHBEIM aHATH30M) Mojenn cuemieHuss. OHM  OTHOCATCS K
COOTHOIICHHIO «HANPSDKEHUE CIEIUICHHS — CABUI», M HMX MOXKHO OIPENETHTh U3

COOTHOIIICHHIA:

T, = -\/fd( - [ — MAKCHUMAJIBHOC KACAaTCIBHOC HAIPAYKCHUEC CLICTIICHUA,
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s, =¢, =¢, /¢, — NEPEMEILCHUE CABUTa MEXIy MoBepxHOCTsMH KM® u OeToHa

IIPH HAPYIICHWH CLETUICHUS MEXTY HAMU:

G, =05-7,-5 =0.5-

3 a @ N

Y

HpOBepKa 30HbI aHKGPOBKI/I U CHIIBI CUCIUICHUS MCXKOY MaTepPIaJ'[OM ycpmeHm u
GeroHOM BKJIrOUaeT 2 srana. [lepBbiii 3Tan BKIKOYAeT MPOBEPKY aHkepoBKH. Ha BTOpOM
sTane AOKHO ObITh MPOBEPEHO OrPAaHUYCHHE COBUTOBOIO HANPSHKEHMS 7, HA TPAHMIE
Marepuan ycuieHus — 6€TOH, KOTOPOe ABHJIOCH PE3yIbTATOM MU3MEHEHHS PACTATUBAOIIEH
CWIIBL BAOJNL MaTepualia YCWiIeHHS. PaccMmarpuBas [Ba TIOTIEPEYHBIX CEUCHHS Ha
pacctosHUM Ax, rae OEHCTBYIOT M3rmOaromme MOMEHTH M, u M, + AM,, xacaTenbHbIe
HanpsbkeHKs: B OETOHE Ty, OTIPEAETIIOTCS U3 BBIPOKEHUS

£ = (56)

b, - Ax

¢

rie AN, — I3MEHEHIE OCEBOTO YCHITHS B MaTEpHAIIe YCHIICHHS MEKY ABYX Y4acTKOB. s
TMPOBEPKU MO TEPBOM TPYNIE TPEACTBHEIX COCTOSHME CABMIOBOTO HANPsDKECHUS 7,
JOIDKHO OBITh OTPaHAYEHO TP TPOSKTHPOBAHMM TPOYHOCTH HA CHABHI, KOTOPOE
SKBUBAJICHTHO (B OONBINIMHCTBE CJIydyaeB) MpodyHOCTH OeroHa caBur, Ry, IIpuHuMas
Kputepuii paspywieHus Mopa-KynoHa B ciayvae HYJIEBBIX HOPMAJIBHEIX HaNpPKEHAMH,
TIPOYHOCTH CHETUICHHS SKBUBAICHTHA 1,8 TPOYHOCTY HA PACTSDKCHUE.

R, =18- Bur (57)

Y b

Bripaxenne (57) moxxer aonyckars, uro N = M/z,, u N = N, + N,. B 3aBucUMocTH
OT TOTO, «IOTEKNIa» JIH BHYTPCHHAS apMarypa wim Her, N # AN, Moryr ObITb

anmpOKCUMHPOBAHBI BEIPKCHHAMU:

4£.Ec &c 4£.Ec
AM , (58, a)
wu AN  ~ ————————
A -E
m l+ > .
AL,
AM
e,26,:N =N_+A R, WIH AN, = . (58,6)
sz, ot AR, .

z
m
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W3 BeIpakeHMA 1711 TIPOEKTHPYEMON IMONMEPEHHON CHIBI AM /Ax ~ Q M YCIIOBUE

£, <8, Q—SR;».a (59,&)
A -E
0.95 hy b, |1+ —2—=
Ac <
£,28 g <R,. (59,6)
0.95  hy-b

B ¢dopmyne (58, a) mpuHsaTO, 4T0 £&/¢ ~ 1. Bnaromaps 3HauMTENbHON UIMpUHE
CIETUIAIONIEH TTOBEPXHOCTH MPOBEPKA BHIpaKeHUS (59, a) He SABNAETCS ONpPEJEISIOMEH.
[TpoOneMbl CO CLEMICHUEM MOTYT BO3HHUKHYTH B CIIy4ae MOOCTIDKCHHMS BHYTPEHHEH
apMarypoii mpezena TEKy4eCT! WK Pa3BUTUS OOJIBIINX CIBUTOBBIX CHIL.

KroueBpiM JOMYIICHACM 3TOr0 PCIICHUA ABJIACTCA YCIIOBHUC, YTO MPUBCACHHBIC
BEIDOKECHMS TIPA TPOBEPKE OT TPEMMH W3rHba  OMHCHIBAIOT  HOCTOSHHYIO
MHKPOTPEIIMHOBATOCTh HAa TpaHULE «MaTepuai YCWieHHs — OETOH» M MECTHBIE

OTCJIOSHUS, KOTOPEIE HE IMIPHBEIYT K HOTEPE CLCILICHA.

5.3 IloTeps cuenyieHusl MaTepuaja yCHJICHHs ¢ 0ETOHOM NMPH JAeiiCTBHH

C/ABHTOBBIX YCHIHIA

Heo0x0oouMOCT  OLEHKM  CABMIOBBIX YCHAMH B TNPUONOPHOH  vacTu
Kee300€TOHHOM KOHCTPYKIINH 00YCIIOBIEHO HAMUMEM TIOTIEPEYHBIX CHI. B ToM ciyuae,
KOr/la BHYTPECHHEE apMUPOBAHHE KOHCTPYKLUHH M TPOYHOCTH OETOHA HE 00ECIEeUrBaroT
HECYIIYI0 CIIOCOOHOCTE HAa TOMEPEYHYIO0 CHITy, TpeOyeTcsl VCHICHHE KOHCTPYKIMH C
yueToM ankepoBku KM® marepuanos.

OpnHuM U3 TIOAXOIOB SBJISETCS THIOTETHYECKAs KOHIenus capura (Jansze [30]),
cxeMa KOTOpOlt IToKa3aHa Ha PUCYHKE 29 M MPUMEHSETCS U1l MOACYeTa CONPOTUBICHUS
0aJoK Ha BO3JEHCTBHE MONEPEUHOMN CHITBL

OKOHYATENBHEIE BRIPAYKCHHS TIPUBEICHEI HIDKE:

bk (60)

. (34 1200 . (61)
R, =0,15"3 1+ ,—wwloo-y-Rb,



a, = Ay > (62)

a>L+hy, ar<a, (63)
rae
L — paccrostaue 0T KoHIIa KM® 1o onopsl, MM,

d — IOJIOBUHA JUTUHBI Gankn MCXKIY OMOpaMH, MM

u=
b-h

)

— K03 PUIHEHT apMUPOBAHHUS.

I'nmoreTnueckas KOHIENIMSA CIABHTa JACT YIPOMECHHOE HIDKCHEPHOE DPEIICHHE,
MpeIHa3HAuEHHOE AJIsl IPOTHO3a MOsBIIEHUI OoTcoeHnit Ha koHne KM®, Bkirodast OTpeiB
OcToHa 1O BHYTPCHHEH CTalbHOH MpOJONBHON apMarype. B noOom ciydae Juis
HAJEXKHOTO TPOTHO3a MOSABICHUI OTCIOCHWI NTAMMHATOB, a Taloke BbIOOpAa THMAa WX
AHKEPOBKU TpeOyeTcs MNpOBEACHUE OONBIIOrO KOJNMYECTBA MCHBITAHUN YCHJICHHBIX

KeNe300€TOHHBIX KOHCTPYKIUIA B TaOOPaTOPHBIX YCIOBHSIX.

i_#.‘
L
|
I <
P
a
L \3-‘-
T s
I ad
/o

Pucynok 29 — KoHnenuus noTepu CLEIUICHUS MaTepralla YCHICHHS C XKEJe300€TORHOM
KOHCTPYKIH€lt OT NeHCTBHS CABUIOBBIX YCUITHIL: 4, — KO3 QUIEHT apMUAPOBAHAS
KOHCTPYKLUH KOMIIO3UTHEIM MaTepHaioM; 4 — KO3(p(HULUHEHT apMUPOBaHNUs KOHCTPYKLMH
CTaJbHOM apMaTypoii;/1 — BEICOTa CEUEHUS KOHCTPYKIUH, L — PACCTOSHAE OT OMOPHI JI0
JICHTBEI KOMITO3UTHOI'O MaT€puralia, dy — paCCTOAHUE OT OIOPEI 10 BCpXHCﬁ TpaHrLbI
KpaiiHel K OIope HAaKIOHHOW TPEIUHEL; ¢ — PACCTOSHUE OT TOUKHM ITPUIIOXKEHUS CHIIBL JI0

OTOPBL.

93



6 Ycuiienne :xejie306eTOHHBIX KOHCTPYKIHH 000iiMaMH M3 KOMIIO3HTHBIX
MaTepHajioB

6.1 OcHOBHBIE TOJIOKEHHSI NMPOCKTHPOBAHMS YCHJICHHS KOHCTPYKIHU

000iiMaMH B3 KOMIIO3HTHbBIX MarepuaioB

VYeunenne  kene300€TOHHEIX — KOHCTPYKIHH, OCOOEHHO  KOJNOHH — 3JaHMi,
WHXCHEPHBIX U MOCTOBBIX COOPYXKCHHMIT, C TIENBI0 TIOBBIIICHHS MX HECYIIEH CIIOCOOHOCTH
0OBIYHO HPOM3BOIUTCH B CIy4ae IPEANONaracMoro yBeIMYEHWs HArPY3KH Ha HECYIIHe
KOHCTPYKIHUH, TIOBBIINICHHUS MX YXECTKOCTH, BOCTIPHSTHS JOTIOTHUTEILHOTO H3THOAOIIETO
MOMEHTA WM [JIS 3allUThl OT 3eMjeTpiceHuil. TpajiulMOHHO B JTHX CIIyYasx
TIPAMEHSIOTCS CIIEAYIONHE CTIOCOOE! YCHITEHUS:

OXBAaTHIBAHVE KOJIOHHEI CTATBHBIMU 000MaMu Uil 00pydaMuy,

YBENMICHUE IIONEPETHOrO CEUCHMS KOJOHHBI IPUCOSHMHEHHEM OSTOHHOrO WM
KeNe3006TOHHOTO HJIEMEHTA.

Ycunenne cTalbHBIME 000MMaMu IO HMEPUMETPY KOJIOHH MOBHIMIAET MPOYHOCTH
GeToHa U ero AeOopPMATHBHOCTD, a TAIOKE IPEAOTBPAINAET MPOCKAIb3bIBAHUE M M3rU0
BHYTPEHHE MPOAONBbHOM apMarypbl. YCHIEHHE KOJIOHH 00OiMaMu W3 KOMIIO3HMTHBIX
MaTE€pPHAJIOB TIONYYMIO Pa3BUTHAE CPAaBHUTENFHO HENABHO — B cepeauHe 1990-x IT.
AHQTHTHYIECKUE W DKCIICPUMEHTANBHBIE HCCICIOBAHNA 10 YCHICHUIO Kene300eTOHHBIX
KOJIOHH KOMIIO3UTHBIMU MaT€pHaIaMU JOCTATOYHO IOJIHO OTPaKeHBI B paborax [37—43].

Kommo3uTHeIf MaTepran, B OTIM4YME OT CTald, CO3AAOIMIEH MOCTOSHHOE
paguanbHOE JABJIEHWE HA YCHIMBAEMBIH BIIEMEHT IOCHIE MOCTIDKCHUS INIACTHYHOCTH,
yrpyro gedopMUpyeTcs BIUIOTH A0 Pa3pylUEHHs U IO3TOMY OKa3blBAET BO3pPACTAIOILEE
MAcCHBHOE PaJMabHOS NaBleHWE HA OCTOHHBIN 00pasel, HaXOIAMUHMCA MoJ OCeBOH
Harpysko#t. M3 pucynke 30 crmemyer, 4To Hadalo oceBodl aedopmarmu OGeToHA
MPOUCXOMUT TMOCNe JOCTIDKEHUS CTaIBHONM oOoiMON mpenena TeKydyecTH M HE
COTIPOBOXKIACTCA YBENUYCHUEM DAAUATbHOIO [JaBICHHUA o, Ha OeToHHEIH oOpasen. B
ommure OT JToro o0ofiMa M3 KOMIIO3UTHOTO Marepuana BEI3BIBAET MOCTOSHHO

BO3pACTAIOIIlee PaAHATbHOE JaBIeHNE Ha 00pasell.
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Pucynok 30 — CpaBHHUTENbHBIE TPA(QUKH YCUIICHUS 000 MaMu U3 CTalu U

KOMITO3UTHBIX MAaTCPUAJIOB

D¢ dexTuBHOCTH yeuneHus oboiimamu n3 KM® 3aBucuT oT 60KOBO# AMNIaTaHCHK
6eToHa, KOTOpas B CBOIO OUepenb sBiseTcs (YHKIMEH OOKOBOTO HaBNeHHS. TakuM
00pa3oM, MOJeNM YCHJICHHOTO KOMIIO3WTHEIM MaTepHajoM OeToHHOro obpasua
OCHOBBLIBAIOTCS Ha B3aUMOIEUCTBHN paIUabHOTO pacumipeHus 6erona u 06oiimMel KMO.
[TosyyaeMble TIPM HWCHIBITAHUH TAKHX MOJENCH OMIUPHYECKHE 3aBUCHMOCTH TIO
OTIPEIETICHHIO IIPOYHOCTH Ha Ckatue M aedopmanuii 6eToHa, YCHIEHHOro 000iiMoii 13
KM®, Taroke yYUTHIBAIOT OCOOCHHOCTH JehopMApOBaHHSA CHCTEMBI «OeTOH — obofiMa
KM®» mon oceBoit HArpy3Koii.

IIpenenpaBle AeopManin OeToHa, yemneHHoro oboiiMoil n3 KM®, Haxonsarcs B
(GYHKIUOHANBHOM — 3aBUCHMOCTM € pacueTHHIMH  INpeAenbHbIMH  AedopMalysiIMu
KOMIIO3UTHOTO  Marepuana, MPHHATOTO0 Uil YCHJICHHS.  OKCICPHMCHTAIbHBIE
KICCIIEI0OBAHUS TTOKA3BIBAIOT, YTO TAHTE€HIMANbHLIE pazpymaioiue aehopMmanyuu oObIMHO
UMEIOT MEHBIIHE 3HAYCHWs, YeM paspylLIalonme XeopMariy, IoaydaeMbie TpH
CTAaHAAPTHBIX HCHBITaHUSIX X0JicToB KM® nHa pactsokenue.  CHIKEHWE BEIWYUH

paspymarommx aedopmarnnit MOYKHO 00BICHUTS HECKOIBKUMU (DAKTOPaMEL.
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a) TpexoCHOE HANpPSPKEHHOE COCTOSHHE OXBATHIBAIOIIETO OETOH KOMIIO3MTHOIO
marepuana. Kak mokazaHo Ha pucynke 31, oboiiMa W3 KOMIIO3UTHOTO Marepuana
COBMECTHO ¢ OETOHOM BOCHPHHHMACT CKMMAIOLIME HANPDKCHHs, MACCUBHBIA OTHOP
6eTOHA M PacTATUBAIOIINE HAMPSHKEHUS 0T OOKOBOro paciuvpeHys. MX BeMYKHA 3aBHCHT
OT THIIAa KOMIIO3UTHOTO MaTE€pHaia U COCTOSHIUS COCAUHIEMBIX IIOBEPXHOCTEIL, KOTOPOE B
CBOIO 09Epeb 3aBHCUT OT LENOTro paaa GakropoB (KECTKOCTh KIESIIETO COCTaBa MEXKIY
obotimoit KM® u OGeToHOM, TINATENBHOCTh M YCIOBUS NOATOTOBKH COEIUHSAEMBIX
MOBEpXHOCTEW M T.O.). B cioyyac HENoONHOro BO3JACHCTBHA 0O0OiMBI Ha OETOH OHa
MOJIBEPTacTCs TONBKO TEPEAAOIUMCS Ha HEe CXUMAIOIMM  HANpsDKCHUSM U
JeopMalisIM U TIOITOMY pa3yIUIOTHAETCS B 30HE PAaCHIMPEHUs WIM U3-32 pa3pyLUEHUs
KM® unu orcioeHHs Mexay 00o0iimMoi m OeroHOM. TaHreHUWanbHbIC edopManuu
000MMBI €, HEMHOTO MEHBIIIE MPEACILHBIX AcopManuii KOMIIO3UTHOTO MAaTE€pUaia oy,
TaKk Kak rpalueHT HanpsbkeHuil B 06oiiMe Onarojaps paaualbHOMY AABICHUIO G BIUSET

Ha npeaen npounoctd KMO.

CHuMIDTIH S BN SEU T
OGS YCTAHOB6M OO0IMEL U3
Kvie

HATPTAEHA. BEOSHH KATOMH S H3-33

1

} TAHT2HTUAIBHEES (¢ TATHBA FOMUS
} PATHANERER T2peM e eait

|

PaguaTeHE ® BATPAH SEUA 0T A8HCTELA
ofofimer us EOEE

PucyHok 31 — PacpenencHre HaNpsDKEHNI B 5KeIe3006TOHHOM JIEMEHTE IIPU €ro

ycuwieHuu oboitmamu u3 KMO

B ciyuae nonnoro npuieranus o0oiiMer KM® k 6€TOHY, KOMIIO3UTHBIN MaTeprant
YCUIEHHS TIOABEPraeTcs Kak COOCTBEHHBIM IPOJOIBHBIM AedopMallHiM, TaK W
TPOAONBHEIM Ae(opMaIHsM, TepeIaBacMbIM eMy OeToHOM. [IpefeNbHbIe HAPSDKCHAS |

nehopMaIiii CHIDKAIOTCS W3-32 PAa3BUTHS OTCIOSHMN W MUKPOU3THOA Ha OTACIBHBIX
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yuacTkax. Pa3pyImeHne MpoRCXOANT AaXKe TTPH MEHBIINX TAHTCHIHAIBHEIX Ae(opMarmsx,
YeM B CiIydae HEMOJIHOIO COEAUHEHU CIIOEB.

6) KadecTBO BBIMOJIHEHUS IMOATOTOBKM MoOBEpXHOCTH OeToHa. Ecnm BomokHa
KOMIIO3UTHOTO Marepuaia B HEKOTOPBIX MECTax pAacHONOXEHB He3()(EKTHBHO HU3-3a
HaJIU4us IyCTOT WM HEKaYeCTBEHHOM MOATOTOBKM MOBEPXHOCTH, TO YacThb JHEPTHH
TAHICHIMATBHON Ae(opMalii MPUXOAUTCS HA BLITATUBAHHE BOJOKOH. KM® Taroke
MOET OBITh MOBPEKICH HENPABWILHO 3aKPYIJICHHBIMH KpasMM XOJICTA MJIM MECTHBIMH
HEPOBHOCTSMH.

B) HckpuBneHHbI BuA 000#MBI K3 KOMIO3HTHOTO MaTepuana, OCOOEHHO B
KOJIOHHAX C MAJIBIM PaJiyCOM 3aKpYyITICHHS YIJIOB.

r) Hammune macimrabroro s¢ipexra mpy NpUMEHEHHH A1 cO3AaHus 000HMBI 13
HECKOJIBKHX CJIOCB KOMIIO3UTHBIX MaTCpHasioB.

OGo3HauMM  TpeneNibHbIE  TaHTeHIHMAIbHBIE — jAcdopManud  o0OiMBI W3
KOMIIO3UTHBIX MAaTE€PUAJIOB C yYETOM BCEX BBILCTICPEUYMCIICHHBIX TPEOOBAHMN KaK &
Hctunneie TIPOCKTHLIC BCJIMYHUHBL JIA npez[em)Hoﬁ TaH]"CHI.IHaJ'[LHOﬁ Il@(bOpMa.LlI/II/I
000MMBI &, MOTYT PACCMATPHBATLCS KaK TEKYLIME W 3aBUCSIINE OT YPOBHS ACHCTBYIOLIMX
Harpy3ok. Tak Kak BeIMYMHA €, HCIONb3YETCS MPH MPOSKTHPOBAHHH YCHUJICHUS KOJIOHH,
TO €€ UCTHHHOE 3HaUECHHE JOJDKHO MPHHUMATHCA MO JaHHBIM (UPM-TIPOU3BOAUTENCH Wil
YCTaHABJINBATHCA ONBITHBIM ITYTEM.

BeToH B KOJIOHHAX, OXBAYEHHBIX 000fMaMU M3 KOMIO3HTHOTO MaTepuana, BeAeT
ce0d Kak OMIMHEHHBI MaTepuan, auarpaMMa «o — &« KOTOpOTO MpeACTaBlIeHa Ha
pucynke 32. Ha wmHawameHOM cramuu neGOpMUpOBaHHS €ro TOBEACHHE MOAOOHO
TIOBCACHUIO HE YCHIECHHOTO OETOHA MO TeX HOp, Toka obofiMa m3 KM@ He HaunHaeT

BBI3bIBATH PaaIbHEIC HAPSLKEHNS B OCTOHE.
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6eton, ycunensei oboimoit ma KME

npocToii betoH

H anpsAKCHHA OCCEOr0 CHKaTHA

o

& €
Ocegas nedopmanns

PucyHok 32 — Vlneamu3upoBaHHas AHATpaMMa «G-£« UL OETOHA, YCWICHHOTO 000iMoi

3 KM®. E,, u E, — HauaneHslit 1 Texymumii Moaynu aedopmauuu 6erona, Mla

ITpu BO3pacTaHWH OCEBOM HArPY3KH CKOPOCTh Pa3BUTHS PaJMalIbHBIX Acdopmarmit
B OETOHE TaKKe YBCITHIUBACTCA, 9TO ABJISICTCA PE3YJIBTATOM COIYTCTBYIOILIETO CHAXKCHUA
skecTKocTH Oetona. [Ipu poctwkeHuu OETOHOM INpEACHbHBIX Jedopmanuii cxarus B
Matepuajie HAYMHAIOT O00pa30BHIBATHCA TPEIIMHBI M OXBaThBaomas oOoiimMa u3
KOMIO3UTHOTO MaTepuaja MOJNHOCTbIO BeTymaer B pabory. Ha oartolf  cramgum
aehopMIpOBaHAS JMarpaMMa «HampsDkeHHe—AeopManus» CTaHOBUTCS NHMHEHHOH ¢
YIJIOM HAKJIOHA, IPONOPLMOHAILHBIM JKeCTKOCTH 000iMBI KMO.

BONBIMMHCTBO MCCNEAOBAHMHN, MOCBALIEHHBIX JAc()OPMHUPOBAHHIO MO HArpy3KOH
6eTOHA, YCUIIEHHOTO CTAIbHBIMUA 000MMaMH WK 000iMaMK 13 KOMIIO3UTHOTO MaTepraa,
0azupyloTcs Ha OJIHON W3 TepBhix yraamMeHTanpHbIX padot (Richart F.E. et al [36]), B
KOTOpO# WCCNEeAyeTcss TOBEACHHE OCTOHA B TPEXOCHOM HANPSHKCHHOM COCTOSHUM. B
crabmiaoMeTpe B IUIMHAPUYSCKOM OETOHHOM o0pasne MNOMUIEPXKHBANOCH 3aJaHHOE

THAPOCTATHYECKOE JaBicHUE. [Ipr 3TOM MPOYHOCTH M JKECTKOCTH 00pasmna BO3pacTalu ¢
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yBENMYEHHEM OOKOBOTO THAPOCTATHYECKOTO JABIEHUS. AHAIN3 IKCHEPUMECHTAIBHBIX
J@HHBIX TIO3BOJIVI MTOJTYIUTh CIIEAYIOILYIO SMIUPHYECKYIO 3aBUCHMOCTD!

Ry =R, + 4,10, (64)
rie

Ry, — IPOYHOCTH HA CXKATUE YCUIIEHHOTO 000MMOl OeTOHa;

Rj, — pacyeTHas IPOYHOCTL OETOHA HA CHKATHE,

0, — paguanbHOe OOKOBOE JABICHHE, BRI3BIBAEMOE 000MMOTA.

B atEX  9KcnepuMeHTaXx — 00pasimsl  OBUTH  TOMBEPKEHBI  AKTHBHOMY
THAPOCTATHYECKOMY JABJICHUIO, OCTAIOLIEMYCS MOCTOSHHEIM B TCUCHHE BCETO BPEMEHU
NpPOBEACHUA UCTBITaHNH. OHaKo, KOTAa cTalbHas 000iiMa JOCTATAET CTaMH ACCUBHOTO
o0xkaTnsi 6ETOHA, pafUaIbHBIC HAMPSDKCHAS PA3BHBAIOTCS TOJBKO B Pe3ynbTate HOKOBOro
pacwmpenuss OeToHa. B 3TOM ciydae pajuaiibHblE  HANPSOKEHHSI  SBISTIOTCS
HEOJHOPOJHBIMH M HENOCTOSHHBIMH. TeM HE MeHee, OONBIIMHCTBO WCCIEAYEMBIX
JKCMNEPUMEHTANIBHBIX MOJENEi MOBEICHUS 3aKIIOUEHHOrO B 000iiMy OeToHHOro obpasua

ONWCHIBAKOTCS YPABHEHUEM, IPUBEACHHBIM B [37]:

R, (o o o
2ul9) s framoe e 2T sy (65)
R, R, R,

JUis  OJHOOCHO  HArpyeHHOr0 OETOHHOTO  MIUIMHAPHYECKOro  o0pasia,

OXBaU€HHOr0 CTalbHOH 00oiiMoli, 3hdexTHBHOC OOKOBOE paaHaIbHOE [TaBICHHE
(pucyHok 33) onpenensercs kak (pyHKIHMS kod(punuenTa apMApOBaHUA OETOHA CTATHEHOM

000HMOH L4 ¥ TIPEIEITIOM TEKYUECTH CTaTH K.
k,op, R (66)

rac

k. — ko3 dument, 3aBucAImMil OT GOPMBI YCHIMBACMOr0 JJIEeMEHTa H IUIONIAAN
ero ycuneHus oOoiimoii. J[na xpymioit ¢opMmbl OSTOHHOM KOHCTPYKIHH, YCHICHHOW
o6oiiMoii 1o Beeid wmne &, = 1;

Ay — Iomaap MoMEPEYHOT0 CEUSHHS CTAbHOM 000HMEI,

S — BBIcOTa 0001iM;
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ds — maameTp cTanbHO# 060HMEL.

Yceunenue OKkene300¢TOHHBIX KOJNOHH —CTAIbHBIMH  o0oiiMaMu uMeeT pan
CYIIECTBEHHBIX HEIOCTaTKOB. Bo-MepBBIX, Hapy>KHOE PAacloJOXKEHHE CTAJBHBIX 000MM,
OCOOCHHO B YCIIOBUSX AarpecCUBHON BHEIUHEH Cpeibl, CIOCOOCTBYET MX KOPPO3HUH H
CHIDKEHMIO BCIIEACTBHE 3TOr0 ycunmparomero 3¢dexra. Bo-BTOpEIX, HECOBMECTHMOCTD
JIeOpMALMOHHEIX XapaKTEPUCTUK (MOAyNs ympyroctd u kKoxdduumenta I[lyaccona)
cramn u OeToHa. B cBM3M C 3TUM ainbTEepPHATHBOW YCHJICHHIO KOJIOHH CTaTbHBIMH
o0oliMaMu SBJIETCS UX YCHICHUE KOMIO3UTHBIMHI MaTepHalaMH.

Jina  cnyyas ycuneHHs OCTOHHOTO ILMNTMHApA CIUIOMIHOW  oOoimoil  m3
KOMIIO3UTHOTO MarepHana ¢ HAOpaBICHHEM PacHOJIOXKEHHS BOJOKOH MO KAcaTeNbHON K

TMMOBCPXHOCTH IMUIWH/IPA OXBATHIBAIOICC PAAHATIBHOC TABJICHHEC MOJKHO 3aicaTh B BUJIC!
K, E_ g, (67)

rac

41 IS s
H“, = d" — KO:)(I)(I)I/H_IHCHT ApMHUPOBAHUS KOJIOHHBI 000#iMOIf W3 KOMITO3HTHOTO

marepuana,
t, — TommuHA 000MMEl 13 KM®;
d, — muameTp 060imMbl u3 KM®, d, ~ d, (ImaMeTp KOJIOHHHI);
0, — HanpsbkeHns B 00oiime n3 KM,
E, —Momymb yupyrocta 000#MBI 13 KOMIIO3UTHOIO MaTePHAa,
g — TaHTeHTMambHBIE naedopMarmu obolimbl w3 KM® (paBHBIE OOKOBBIM

nedopmarusM 6eToHa).
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Css‘ro( a) Gs tofa)

PucyHok 33 — PaguanbpHoe JaBleHUE HA JKENIe300€TOHHBIN 3JIEMEHT, BEI3BAHHOE
OXBATLIBAIOLINM YCHICHUEM 000MMOM, TI€ O, — PalUalbHbIC HATIPSHKCHHUS B
KOHCTPYKIIIH, BEI3BIBAEMOE 000#MOiT 3 KOMIIO3UTHOTO MaTEPHANA; Oyro0) — HANPKEHUS

B CTaJbHOM 060iiMe (00oiMe U3 KOMIIO3UTHOTO MaTepHalIa)

PaguanbHoe HanpspKEHHE Gy, BBI3BAHHOE 000#MOI M3 KOMIIO3UTHOIO MaTepHaia,
MOJCYMTEIBAECTCS Ha OCHOBE TEKYILETO HANPSDKEHUS B 000MME 0,=F, &, < Opu=LE, €, NOKA
OHO HE [JOCTMIHET TMpeAeibHONH BENMYMHBL G; M COOTBETCTBYIOWIECH MpPEAEIbHON
TaHTCHINATIBHOM AedopMaiu 000UMEL &, = &

Orcroa NpeIesIbHOE PAacIeTHOS 3HAUCHHUE PAMMAIIbHBIX HAPSDKEHIH
4, E, s, . (68)

Jins ompeneNneHWs OPOYHOCTH HA CXATHE YCHICHHOTO O€TOHAa CYINECTBYIOT
pasnmunble  MHEHHS. [lompoOHBIM — aHamTM3  pasHBIX  MOJeneil  HampsHKEHHO-
n1ehOpPMHPOBAHHOTO COCTOSHHUS YCHIIEHHOTO 000#iMoit OeTora mprBoauTes B padote [60].
Tak, ONHH WCCICAOBATENM JOMYyCKAIOT NpuMeHeHWe wmonean Mander J.B. [37],
OCHOBaHHOM Ha TEOPETHYECKMX HcchaenoBaHusx PopovicsS [44]. B ocHoBy Mozmemm

IIOJIOKEHO TO 06CTOHTGJ'H>CTBO, YTO MAaKCUMAJIBHBIC HAMPHKCHUA, ONPCAC/IACMBIC B
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pe3yJbTare OXBATHIBAIOLIETO PAAUAIBHOTO AABJICHHS, PACCMATPUBAIOTCS KaK OJHOOCHAS
peaKiys CHCTeMBbl «OeTOH-yCHIMBAOmas 000JI0UKka» Ha BEPTHKANBGHOE [JABICHHE.
OcHOBHAst TPYAHOCTb NPU UCMOIB30BAHUN STOH MOJAENM 3aKIIOYAETCS B TOM, YTO B HEE
3QI0KCHO MOCTOSHHOE 3HAYCHUE OXBATHIBAIOIIETO OOKOBOIO JABJICHUS B TCUECHHE BCETO
BPEMEHH Harpy>KEHUsl KOHCTPYKLUMHU. B peasbHOCTH 3TO JAaBlIEHHE BO3PACTAET MOCIIE TOrO,
KaKk HauuHaeTcs OOKoBOe pacuiupeHue O€TOHA, W €ro BEIMYMHA 3aBHCHT OT 3aKOHOB
ne(opMUpoBaHHs OXBATHIBAIOIEH 000MBL.

CpaBHUTENbHBIH aHANKU3 TEOPETUUYECKUX PE3YJILTATOB M ONBITHBIX JAHHBIX
MoKa3aj, YTO KOrja MpeajiaracMbleé MOJENIM JIOCTATOYHO XOPOHIO COOTHOCATCS €
[IPENONaracMoii Harpy3Koii, OHM IJI0X0 KOPPENUPYIOT ¢ NpeaenbHbIMA AehOpMaLIMH.
Orcrofla BBHITEKAIOT CYIIECTBEHHBIE PA3M4Usi MEXKIY TEOPETHMYECKAMH M ONBITHBIMHU
JAHHBIMM B YAaCTH ONMCAHHUA KPUBOH 1eGOPMUPOBAHUS CHCTEMBI «OETOH — YCHIMBAIOILIAS
obotima u3 KM®».

JUTS TIpeoIONIEHHsT 3TOTO MPOTHBOPEYHST OBUTH TPOBEICHBI MCITBITAHUS KPYTIIOTO
OGeroHHOro OO0pasma, yCWJIeHHOro 0O0OWMO#H M3 KOMIIO3UTHOTO MaTepuajlia Ha OCHOBE
creknoBookHa KM®C [38]. OOpazen; Obll  MOABEPTHYT OCEBOH Harpyske ¢
MakcUMaJibHbIM JKcieHTpucureToM e = 0,05D (D — mumametrp ofpasua). B pabote
mpenmnonaraeTes, yto odecnedeHre 3QGHeKTHBHOM JKECTKOCTH KOMITO3UTHOTO MaTephaia
nocruraercss npu (2t,/D)-E, =2 977 Mlla ¢ pacrojioXeHreM BOJOKOH B xojicte 90°.
O0paboTKa pe3yabTaToB UCTIBITaHUHN I0o3BoIIIA noyunuTh aBTopaM (Lillistone D. u Jolly
CK.) crnemyrouyr 3aBHUCHMOCTb, CBS3LIBAIOIIYIO MPOYHOCTh YCHUJIEHHOTO O€TOHA M
JaehOopMaIOHHBIE XaPaKTEPUCTUKI CHCTEMBIL:

(067 1y,)(E,-E,)s,

R,, +E, 64, (69)

1+[¢,, (E, - E,)/R,)]

roe:
e = 1,5 — k0o ULMEHT HANEKHOCTH 110 OETOHY TpH CXKATUHY,
& — OCeBas nedopManus OeToHa, YCHIEHHOro 060iimoit 13 KM®;
E), — HayambHBIM MOMAYJIB YIIPYTrOCTH OETOHA, OMpenensaeMblii 0 SMIMPAYCCKOM
3asucnmocta Ey = 21500[(R 1 8)/101%7,

R — xyOuKOBas mpo4HOCTh OeToHa B MI]a;
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E, — Moaymb nedopmari 6eToHa Toce yCHIeHHs ero odolimoii u3 KM® nepen
paspyleHreM,

E, =1,282 (2t,/D)-E,;

Ry = R(Ey, — E))(Ey — E1) 5 £1 — Moayne AedopMalmy HEYCHIICHHOTO O€TOHa,
Ey; = (R + 8)/ &, Tae &,=0,0027 — 0,0045.

Ha 3aBHCHMOCTS (69) CTPYKTYPHO TIOXO)Ka 3aBUCHMOCTB, nonydeHHas Arduin M.
[53], ocHOBaHHAA Ha SKCTIEPUMEHTATLHEIX padorax Miyauchi K.

(0,75 1y, )-(E, - E )-s5,,
R, = L 5, , (70)

) {(A+[6,,(E,-E )/ R,]}

rae

E, — cexymmmif Mmonyns nedopmanu Oetona [[Tla],

E,=9,5(Ry,+8)'", Ry [MI1al;

Ry = 0,85R — nmmHApHYECKas TPOYHOCTH HE YCHIIEHHOro OeToHa, n = 8 —
SMITUPHYECKHI TOKA3aTeNb CTEIIECHH,

Ey = (Roo — Rows)/ b (71)

e

Ryo= Rpe + 4,10,85R,4,/r — XapakTepUCTHKA TPOYHOCTH OETOHA, YCHIICHHOTO
o6oiimoii n3 KMd;

7 — paJlyC KOJIOHHBI;

Epay — IPEJIENIBHAS OCEBas AeopMarist 6eToHa, yCHIIeHHOro 060#iMoit n3 KM®,

€ :szd/v|1+1’Rb~r/Rcrto],
(72)
rae v=0,2 — HadanbHbIi k03¢ utment ITyaccona s 6eToHa.

Ha pucynke 34 mpencrapneHs! rpadmki aeGopMHpOBaHHA GETOHA, YCHIECHHOTO
06oliMaMi U3 YIJIEPOAHOTO KOMIIO3UTHOTO Marepuaia, PaCCUMTAHHEIE IO 33BHCHMOCTAM
(69) u (70). Kak BuaHo u3 rpadKOB, OHHM JAIOT BMOJHE COINOCTABHMBIEC PE3YJLTATHI,
XOPOILO COINACYIONHECs ¢ JAHHBIME APYTUX uccienonarenei [45].

3aBucuMOCTH (69—72) SBISFOTCA SMIMPUYECKUMH, TTOMYYEHHBIMU B PE3yJIbTaTe
00paboTKy OSKCIEPHMEHTATBHBIX JAHHBIX. B pacuerax McHOIb30Banach KyOHKOBas
IPOYHOCTH OETOHA Ha CKarue. [I03TOMy aBTOPBI COWIM HYKHBIM OCTAaBHTH BCE
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KO3hULMEHTLI, BXOAAWMe B 3T  (OpMy/bl, 6€3 W3MEHEeHU [N COXpaHeHus
LIeNIOCTHOCTN BbIP@XEHWIA N PEKOMEHAOBATb BENMYMHY KO3(@MUMEHTA HALEXHOCTU MO
6eTOHY Mpu cxatum yke= 1,5,

Cnefyer OTMETWUTb, YTO 3TW 3aBMCMMOCTM OGblNM MOMYYeHbl NPU WUCMbITAHUSAX
UMNMHAPUYeCcKMX 006pasLioB Ha oceBoe ©katve. KONOHHbI B COCTaBe MOCTOBbIX
KOHCTPYKLWIA MOTYT UCMbITbIBATb U FTOPU3OHTA/IbHbIE HArPY3KW OT CTO/IKHOBEHUS C HUMMU
TPaHCMOPTHLIX CPeACTB. B 3TOM cryyae OHWM UCMbITLIBAIOT KOMOMHUPOBAHHYIO HarpysKy
OT [ieliCTBMA OCEBOr0 CXXaTus v u3rnbatoLlero MmomeHTa. B pa6ote [46] nccnegoBanuch Ha
felicTBMe M3rnbaroLero MOMeHTa Ha LMINHAPUYECKNE BETOHHblE KO/IOHHbI, YCUJIEHHbIe
060iMoli 13 apamMMAHOrO KOMMO3UTHOro matepuana KM®A. O6oiima cocTtosna us 2-x
C/I0eB OZHOHaNpaBneHHbIX X0NcToB ¢ Raw 2360 MMa v Ear 104 MMa, pagnyc KONOHHbI T
= 200 mm, Ky6uKoBasi Npo4HOCTL 6eToHa R = 40 MIMa. ApammnHoe BOJIOKHO B KayecTBe
yCuneHns 66110 NPUHATO MO TO NPUYMHE, YTO ero CBOWCTBA ABAAKOTCA CPEAHUMU MEXAY
YrNepofHbIM  BOMOKHOM W CTEK/IOBOJIOKHOM, a TaKKe OHO 06nafaeT XopoLuuMm
COMPOTUBNEHUEM YJapHbIM Harpyskam. B paboTe npuHATO NpesnonoXuTesbHoe
yBe/nMueHne Ky6WMKOBOW MPOYHOCTM YCWIEHHOTO 6eTOHa W AWHeliHOe W3MeHeHue

npefenbHbIX fgedopmaymii 6etoHa ¢ 0,0035 npy NpoyHocTU R Ao 3HayeHms 0,01 npu 1,5R.

PucyHOK 34 - CpaBHUWTENbHbIE fuarpamMmMbl «HanpsXXeHue-aehopMaLns»

(v=0,2, B3O, r =250 mm, tQ= 1 Mm, Rm=3430 Mna, em= 1,5%)
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OTH MCXOOHBIC NAHHBIC W JAHHBIC JKCIICPUMCHTA OblTH MpOoaHaATM3UPOBaHBI C
HOMOIIBD  MOJENM, ONUCHIBAcMOM  BeIpaxkeHueM  (69). Teopermueckue u
OKCTICPUMCHTAJIBHBIC UCCIICTOBAHUA TTOKA3AITH UX XOPOUTYH0 CXOAMOCTE.

Mogens nedopmupoBanus, paspadorannas Spoelsra-Monti [41] i 6a3upyromasics
Ha TEOPETHUECKUX HccienoBanusx Popovics S. [58], mpeamonaraer, 4To HampsHKCHUS B

OeToHe Gy, ONPEACIIAOTCA MO 3aBUCUMOCTH

S RLLLAY (73)
r—1+x

=2 e, :gh[1+5(R¢—1>], (74)
€ R

bo b

rae

& — oceBas aedopmMaris 6eToHa MO CKAMAIOIIEH Harpy3Koi;,

&o — Nedopmanus cxarus 6eToHa MPU €ro MaKCHMAIbHON NPOYHOCTU Kp, DOCTE
YCHICHUS 000MOM W3 KOMIO3UTHOTO Marepuana. Ry, onpeaensercs mo gopmyie 42 mpu
3HAUCHUSX PATUATBHBIX HAPHKCHWH B OETOHE 0p < Oy, MPH KOTOPEIX MOXKET HACTYIATh
paspymieHre 060HMEI KOMITO3UTHOTO MaTepHana;

&, — TpemenbHas edopManms HEYCWICHHOro OeTOHa NpH MAaKCUMATBHOM

HampspkeHnn ckarus. [1o nanaeM ¢upmbl S&P Clever Reinforcement, &,~0,002.

P —t E, =—, (75)

rae Fy. — CEKyIMi MOAYyb AeopManuu OeToHa.

Ilpr paccmoTpeHnn ocobeHHocTeit moBemeHns KM® B pabore [41] Osum
TIPUHATHI CIEAYIONIHE JOMYIICHNHS, OCHOBAHHBIE HA 3KCIEPHMEHTAIBHBIX HCCIIEI0BAHMAX
[47]:

E
o, =E (s)¢,; £ (e,)= : > (76)
1+2pe,

rac ﬂ — KOHCTaHTa, 3aBUCSIIAsi OT CBOMCTB OeToHA W €ro TMPOYHOCTHU Ha CXKATHUC B HC

YCUJICHHOM cocTosiHuH Ry, [MI1a]:

5700

B = - 500 , (77)

R,

& — pamanbHbIe qedopmanun OeToHa,
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E, .e,-0,(¢,0,)
5,-(%"7,):#’ (78)

2p0 ,(¢,,0,)

Bennunna €, onpexpensierca u3 BeipakeHus (78). edopmamus o60iiMBI U3
KOMIIO3UTHOIO MarepHana (&, = & U3 YCIOBHS COBMECTHOCTH AchopMaunii mand ciaydas
MPEAENBHO 3arpyKEHHOro OETOHHOTO LWJIMHIApA) MOXKET OBITh ONpe/elieHa Yepe3
TEKyIlLlee HANPsLKEHHUE B 000iiMe o, = E,-5,. BennuuHa o, MOXKeT OBbITh HCHIOJIb30BAHA U1
HOBOT'O BBIYUCIIEHHS & MO 3aBHCMMOCTH (78). OTa WrepaluoHHas Hpoueaypa MOXKET
IIOBTOPATECS HECKONBKO pa3 A0 TEX TMOp, MOKa BEIMYHWHA O, HE JOCTUTHET TPeOyeMoro
IIPOEKTHOI'O 3HAYEHHUS, [TPU ITOM O,< [, £,,. Bes mpolieypa NOBTOPSIETCS MIPH Pa3IMYHBIX
3HaUeHUAX JAedopmanuii GeToHA TPH CKATHH &£ Ha TMOJHONW KPUBOH «HANPSDKEHHE-
aetopMarusy. Pesymprupyromas KpHBas MOXKET pAaCcCMATPHBATBCs KaK KpHUBas,
IepeceKaromas MHOXKECTBO KpuBbIX (PopovicsS.), kakaas M3 KOTOPHIX COOTBETCTBYET
YPOBHIO OOKOBOIO [ABJICHHS, U TEKyIIUM OOKOBBIM AedopMaliisaM, OIpPEeACICHHBIM
coriacHo [47].

IloBenenue noa Harpy3koi 6eToHHOro obpasma, oxBaueHHOro 06oiiMoi 13 KM®,
COTTIACHO PACCMOTPEHHOM BBILLIE MOAEIH B COIOCTABICHHUH C €T0 IIOBEICHUEM B CTAIBHOM
oboiimMe IpuBeeHO Ha pucyHKe 35. Ha prucyHke 35, a MpHBEICHBI 3aBHCHMOCTH OCEBBIX
nedopmariii 0T OCEBBIX HampsokeHWit. Ha nepBoHayanbHOM —yuacTke rpaduku
nehopmupoBanuss OeToHa B CTaIbHOM o0oliMe W o6oiime w3 KM® mpakTHIeCcKu
coBnagaroT. [Tocne HOCTWkKEHUs cTANBI0 AedopManuii nopsaxa 2,5 NpUBEACHHBIX OCEBBIX
nehopmarmit  kpuBas Oe(QOpPMUpPOBAHWS CTaHOBHTCS Ooyee  KpyToil. Kpusas
nedopmupoBanus 000HMEL 13 cTeknoBoiokHa KM®C Ha mepBOoM JTalne COBMAOaeT C
KpuBOH AetopMUpoBaHMS HE yCHIEHHOro OeToHa. Ilocme TOUKM Ae(GOPMHPOBAHUS, B
KOTOpO#H ITPOMCXOTUT pa3pylIeHHe HE YCHICHHOro OeToHHOTo obOpasua, kpuBas KMOC
MMEET MEHBIIHI HAKIOH U BbI3bIBACT OOJBIIIIE OCEBBIE Ae(hopMaIHH.

Ha pucynke 35, 6 mpuBedcHa 3aBHCHMOCTh MEXKAY OCEBHIMH W PaJvabHBIMU
nedopMmarmsMu. Kak MOXKHO 3aMETHTh W3 rpauKkoB, HAKIIOH PA3IMIHBIX KPUBBIX 3aBHCHT
0T Tuna M Marepuana ycuieHus. B nauane KM®C umeer Gonee KpyToi HaKJOH, 4TO
O3HauaeT Oolice BBHICOKOE HAYIbHOE paclIMpeHue OeTOHA, OCTalomeecs TTOCTOSHHBIM

BIUIOTH O paspymreHus o0oiimbl. OOoiiMa M3 YIJIEPORXHOTO KOMIO3WTHOTO MaTepHaia
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npeTepnesaeT MeHbW We pajuanbcHb e AedG opMayunm, Ho 3 G eKTUBHOCTL ee paboTe uUMeerT

MeHbW MR CcpoKk AedcTBMA, Tak Kkak o6o0dima KM ® Y smMeeT MeHbW Yyl NpPeAENbHYIO

aedvopmaunw EON

100

Pucynok 35 - MNoBepenHuwe NoAp HAarpyskoh GeTOHHOTO d3nemMeHTa, ycuneHnHoro

oGomamu us ctanu, KM ® Y, KM ® C, rae: a) COOTHOW eHNeEe MeEXAY PaananbHb mu

Aeh OpPMALMAMM M HANPAXK EHMAMMU, 6) COOTHOW EHME MEX AY PaAANaNnbHb MU ¢

TaHreHUMANbHbL MU Aed OPMayUuamMm, B) COOTHOW eHMeEe MEX AY PAaAManbHOl W 06bemHoi

fegopmaumamu



Ha pucyrke 35.8 npuBezeHsl rpauku 3aBUCHMOCTEN 00BeMHBIX JepopMaliuit oT
oceBbIX. Jl11 00O0MMEI U3 YTIIEPOTHOTO KOMIIO3UTHOIO Marepuana oobeMHas Je(opManst
BHAYAJIC YMEHbLIACTCA, 3aTEM BO3BPALUACTCS K MEPBOHAYATIEHOMY 3HAUEHHIO U Jajiee Ha
OMPENECIIEHHOM YPOBHE 0CEBOI AeopManiy MOCTEIEHHO BO3PACTAeT B CIITY YBEIHYCHHS
OOKOBOT0 aBICHUS, YMEHBIIAET 00bEMHOE PACIMPEHIE H MEHSIET CBOE HANPABIICHHE,

Paspymenne OeToHHOrO o6pasna, OXBAYEHHOro OOOHMOH M3 KOMIO3HTHOIO
Marepuana, MOJKET HACTYMUTh IPH BBINOIHEHUH YCIIOBHS

Ebeu = Eou, (79)

KOTJla MpEAENbHEIE paAnaIbHble OOKOBbIE AeopManiy OETOHA &, AOCTUTHYT
MpeNenbHBIX JOMYCTUMBIX AedopManmii oboiiMel n3 KM®. BenuuuHbl MpeaeabHBIX
yeunuii 1 aedopmanuii 6eToHa NPOrHO3UPYIOTCS HA OCHOBAHMU PACCMOTPEHHBIX BBILIE
Mozerneii. BemmunHa &, onipeaensercs no gopmyie (78) NOACTAHOBKOM B HEE BMECTO Oy
€€ MakCUMaJTbHON BEIMYHHEI, HAXOAUMOM 10 3aBUCHUMOCTH (69), U PaBHYIO MPEACIBHOM
pacdeTHOI poyHOCTH 000#MEI 13 KM®.

OCHOBO# TPOEKTUPOBAHUS YCWJICHHS KOJOHH 000iMaMi M3 KOMIIO3UTHBIX
MaTepHalIOB MOXKET CIY>KHTh KaKIas U3 PAaCCMOTPEHHBIX BbilLe Mozesed. MM mpucyunm
CBOH JOCTOMHCTBA U HETOCTATKH.

VYeunenne o6ofiMaMu  KENE€300€TOHHBIX  KOJIOHH (wnmu  Oosee  MPOCTHIX
KOHCTPYKIMI, Hanpumep, Tpy0) 3HAUATENHFHO YBENHYMBACT TpeOOBAHWS K OCEBOM
Harpyske, M3ruly, MONEPEUHBIM CHJIaM, ACHCTBYIOIIMM B KOHCTPYKLMH, TaK KaK U3-3a
BO3pacTaHHs TMPOYHOCTH OETOHA HAa CXKATUE YBEIMYMBAIOTCA IIONCPEYHBIC CHIIBL U
MOBBIIIAETCS COMPOTHBIICHHE M3rHOY CXaToOl cTajbHOM apMatypel. B ciydae ycuneHus
KOJIOHH 00oyoukoit (ctambHON wiu u3 KM®) mocnenmsss MOXKET pacmonararbes Mo
BHEIIHEMY TIEPHMETPY KOJIOHHEI FITH (JOPMUPOBATHCS TTOCPEICTBOM OMaTyOKH.

OCHOBHBIME TPEAMOCEITKAMA [UIS YCIJICHHS KOJIOHH BHEIIHMMH 00OHMaMu H3
KM® sBnsroTes:

- IPEIOTBPAINCHNE Pa3pPYLICHHS 3aIUTHOTO ClI0s OETOHA,

- obecrieueHne OOKOBOM YCTOHUMBOCTH IIPOAOJIBHBIX CTEP:KHEH apMaTypBhl,

- TIOBBIIIIEHIE HECYIIEH CIIOCOOHOCTH U AeOPMaTHBHOCTH OETOHA.
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B ciyuac KpyIibIx KOJIOHH 3TH LEIHM JOCTUTAKOTCS MyTeM NPUMEHEHHS BHEIUHHX
XOJICTOB KOMITO3UTHOT'O Marepuaia Wid HETPEPBIBHO MO BCEH AIMHE KOJIOHHBI WITA B BUJE
OTACIIBHBIX 00pYUeH, yCTpauBaCMBIX YEPE3 ONPEACTICHHBIE MPOMEXKYTKH.

B cnyyae ycuneHus npaMOYTObHBIX WM KBAPATHBIX KOJIOHH B 3aBHCHMOCTH OT
THITA TIPUMEHAEMBIX XOJICTOB WX YIJBI JOJDKHBI OBITH CKPYITIEHBI pagycoM 15-25 mm.
VYeuneHne BHEIHAMH 000WMaMP TIPAMOYTONIBHBIX KOMOHH MeHee 3(QEKTUBHO, 4YeM
KPYIIIBIX, TaK KaK KOHIICHTpAIWMs HANpPsDKCHHH JIOKAIH3YETCA B YINaX KOHCTPYKLMH H
OCHOBHasI TOJIIIMHA 0OOTOUKH JIOJDKHA OBITH MEXIY YIJIAMH IS OrpaHudeHus OOKOBOTO
pacIIpeHHs 1 HCKITIOUESHHS HETOMYCTUMOTO M3ruba KOJIOHHBI.

YFJ'IePOZ[HBIC KOMITO3UTHBIC MaTepHuabl MpECaANOYTUTCIIEHES B ciry4dac
MPEONOIAraéMOr0 YBEIUUCHUS HArpy3KU Ha KOJIOHHY, & aDaMUIHBIC UITH CTEKIIOBOJIOKHA -
B ClIydae W3MEHEHWsS THOKOCTH KOHCTpykimu. OG6oiima KM® MokeT cOCTOSATH H3
AKTMBHBEIX WM IACCHBHEBIX CIOCB MM HX KoMmOmHamuu. [IogoOHO CTaJBHBIM 000MMaM,
naccuBHEIE 000¥MBI w3 KM@ 00ecrneunBaOT BOCHPUATHE MACCHBHOTO OOKOBOTO
naBieHus. [Ipd WCHONB30BAHUM AaKTUBHBIX (TIPEAHAIPSIKEHHBIX) 000n04Yek OOKOBOE
OXBaTHIBAIOIIEE JABICHUE O0CCIECUUBACTCS PAHBILE, YEM B CIIy4ae MAcCHBHOIO OTIOPA,
BBI3BAHHOT'O paJHalibHBIM PACIIPEHNCM OeTOHA KOJIOHHBI IIPpH €ro CKaTHM.

B 3aBucuMOCTH OT (POPMEL KOJIOHHBI U PACIIOIOKEHHS KOMIIO3UTHOIO Marepuana
YCHIICHUS paciipeniefieHne paJdabHBIX JaBlIeHUH B KOJIOHHE OyleT HEpaBHOMEPHBIM.
BBIESAIOTCS YETHIPE OCHOBHBIX CIydas yCHICHHU:

- ycmienne ob6otiMoit 13 KM® nunuHapiueckoil KOJOHHBI N0 BCEit ee UTHHE C
PACTIONIOXKEHNEM BOJIOKOH KOMIIO3UTHOTO MaTepHala MEPHEHAUKYIPHO IPOAOJIBHOM OCH
KOJIOHHBL,

- YaCTMYHOE YCUJIEHHE KOJIOHHBI KOJibamMu u3 KMo;

- ycunenne o6oiiMoii U3 KM® ¢ Npon3BOJNBHBIM pPacHONIONKEHUEM BOJIOKOH
OTHOCHTENBHO MPOJOIBHONH OCH KOJIOHHBIL,

- YCHJICHHE KOJIOHH HEKPYIJIOi (POPMBI MONEPEYHOTO CCUCHHUSL.

Bce ycuneHHbIe 371EMEHTEI ITPOBEPSIOTCA MO CIEAYIOIIMM KPHTEPHIM:

- pa3pbiB KOMIO3UTHOIO Marepuana OOOHMBI HOJ JCHCTBHEM pPACTATMBAIOLINX

HANPsDKEHUI.
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- pazpyuienue o6oiiMbr 13 KM® B MecTax COeAMHEHUS CII0EB BHAXJIECTKY.

- paspylICHHE KOIOHHEI IO/ ACHCTBAEM MOTIEPEYHBIX CHIL.

- COOTBETCTBHE YCIOBHAM MO BTOPOW TpyNIE MpeNesbHbIX COCTOSHUN: OCEBBIC H
paguanbHele  JeOopMaliM  KOJOHHBI, PpaspylICHUs OT YCTAIOCTH W MOJ3YYECTH

Marepraia.

6.2 YcujieHue KOJOHH KPyrJioii ¢opMbl NONEPEeYHOr0 CCUCHUS

B cnydae OmHOOCHOH Harpy3ku Ha LWIMHAPUYECKYHO KOJIOHHY, YCHIICHHYIO
oboiimoit 13 KM® 1o Bceii [UIMHE ¢ paciooKeHUEM BOJIOKOH KOMIO3UTHOTO Marepuasa
MIEPIEHAUKYJISIPHO TIPOAONBbHOM OCH KOJOHHBI (PHCYHOK 36 a), Al onpelencHus
MPOYHOCTH HA CXKATHE W MPEACHbHBIX aedopMmanuii yCHJIEHHOTo OeTOHa MOXHO

BOCHOJIB30BATHCA PACCMOTPEHHBIMHA BBIIIC MOJCIIAMH.

KM

to VAR AR

14 @j a

HEVCIEHH 2%
oBIacTs

Kh’I (I) SMEMEHT A
A

a) D/-E’FIZ

D
6)

PucyHok 36 — PaguansHoe AaBiicHue, Bhi3biBacMoe 06oiimoit u3 KM®, a) noiHoe

G
(=]

a
T

YCUJICHUE TI0 Beel [UTMHE KOJIOHHBL, 0) YaCTUYHOE YCHIICHHE 10 JUIMHE KOJIOHHEL, rae D —
JIMAMETP KOJIOHHBI, b, — IIMPHHA JICHTHl KOMIIO3UTHOTO MaTepraia; ty —TONIHHA 000MMEI
13 KOMIIO3UTHOTO MaTepHaia; G, — paliaibHbIE HAIPSDKEHNUSA B KOHCTPYKIUHY,
BBI3bIBAEMEIE 0001tMoili 13 KM®; s — paccTosHHAE MEXIY OCAMHU JEHT yeunenus KM,
§' — paccTosHIE MEXKIy JieHTaMu ycuieHnss KM®; 6, — pac4eTHbIe pacTAIHBaIOIIKUe

Hanpsokerus B KMO
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Tak, B pabore [41] npemaraeTcst CeMYIOMMA aITOPUTM BbIYHACICHUIA.
1. MakcumanbpHOE pamuaibHOe JaBjieHHe, co3maBacMoe 00oiMolt w3 KMD,

OIPEAEIAETCS 110 3aBUCUMOCTH:
p o Mo Ra (80)

2. Hanee, cormacao moaean Mander JB. et al [37] mo dopmyne (65) c
MOJICTAHOBKOW B HEE BMECTO ©;0,, ONPEACsICTCS MaKCHMAalbHAs IMPOYHOCTH OETOHA Ha
cxatue Ry, 1 no Gopmyrne (74) — npenenbHas oceBas JeopManus cxxaTs 6eTOHA &, TTPH
€ro MaKcHMMasbHON ITPOYHOCTH Ha CIKATHE.

3. TlpemenvHblit cexymmit Momynmb aedopmauuu OETOHA ONMpPEJENsAeTCS MO
3aBHCHMOCTH:

Frs = i, (81)

" 1+2pR, IE

rzie KOHCTaHTa [ ompeensercs 1o 3aBucuMOCTH (77).
4. TlepeceyeHue HAKIOHHOW TIpsSMON JIMHUM F,., Ha pUCYHKE 37 ¢ KpUBOIi,
HnOoMy4eHHOH Popovics S., T03BOMSET ONPEAEUTD IPEACIbHBIE CKUMAIOLIME HANPSKCHUS

Ry, u neopMaruu &, B O€TOHE:

-8, /R,

oo [En BB )] ) R, -F. . 5., (82)
E (Eb - Ebb )

sec i

Bl

bo

rae £, =

€4

5. TToactaBnas BeipakeHue (4.18) B (4.19), nomy4aeM OKOHYATEIBHO!

286 -E, 15, E ¢
=y (e By, Ry, = e (83)
E,-E, 1+2f-¢,,

OtumMu ke apropami [41] TPUBOIATCS YIPOIIEHHbIE (DOPMYJIIBL 11 OLPEACICHUS
Ry ¥ €p,. OHH OCHOBAHBI HA HAOIIONEHMH, UTO B IKCTICPMMEHTATBHBIX HCCIIEI0BAHUSX
MpenenbHble MPOYHOCTM HM  AedopMmamuu OeToHa HMEHT MPSAMYH 3aBHCUMOCTBE €
mpenenbHEIMU AedopManusaMu 06oimMel n3 KM@ &,,, MaKCUMAIbHEIM OXBATHIBAOILUM
JaBJICHUEM O, @ MOJYJIEM YIPYTroCTH OeToHa £, ¥ 00paTHYIO 3aBUCHMOCTb OT IIPOYHOCTH
HEYCHJIEHHOTO O€TOHA R),. PerpecCHBHBIN aHATN3 SKCIEPUMEHTAIBHBIX JaHHBIX IO3BOJIMIL
aBTOpaM MOJYYHUTH ABE SMIUPUUECKIE 3aBUCUMOCTH:
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R, =5b(>-2 +U*r. > (5 0)

e =eb/12+15 o(, -g"™), (85)

PHCyHOK 37 - Onpepgenenne NpepenbHbB X CK UMAaw W Wx Hanpax enmnii u

Acd opmaunii

Bo BCex nNpuBEAEHHbH X Bb Wwe GOopMynax no onNpeAencHM npeAensHoO

MPOYHOCTMH ycunewHHOTOo o0GoOWMONW GeTowa He paccMaTpueanw Tca cnAyyaumw € HU3IKUM

copepxX aHMeM KOMNO3WTHOFO MaTepuwana B oGOWME WMAM C HMW3IKOH 3 G eKTUBHOCTH IO

npuMeHeHMSs ycunewws (KBAajgpaTHOE MAM NPAMOYronNbHOE CedyeHMe KONOHH, 4acCTW4HOeE

e pe3ynbTaTe M TeopeTMuyuecKMe

ycuneHUue NOBEPXHOCTU KOMOHHGB ). 3KCNEPAMEHTANb H b

MoOAenMW nokasb Bal T, 4TO KpWBAA «HanpAK eHMWe Aeh OpMAUUA> MMEET HUWCXOAAW Y

BeTBL nocne AOCTUX EHMWS nNpepenbsHOro cocTosWwsa. B 3ToM cnyuae pe3ynbTupyo was

GyAeT npeneGpex MTenbHO Mana A noaTOMYy
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HPOYHOCTh OETOHA TOCIIE YCHIIEHHS Ry, IPAKTHYECKH HE OYAET OTMYATHCS OT IIPOYHOCTH
6eToHa 10 yeuneHus Rp.

Jlpyroe 3MIIHPHYECKOE YPaBHEHWE Ui ONPEACNICHHS TIpenenbHoil aedopmanum
6etona mpuBoaurcs B pabdore [40]:

25u,-R €,
e (86)

bo

£ =0,004 +

bu

i€ BeMu4uHa Ry, HAXOAUTCS MO 3aBUCUMOCTH (69).

Hcnonb3ys 3aBHCUMOCTD (86) 1 (GOPMYIIBI Uil ONPEACCHHS L, (M3 3aBUCUMOCTH
67), MOXHO TMOJNYYUTh BHIPAKECHHUE JUIL OMNpelcNCHUS HEOOXOANMOM  TONIIAHBL
KOMIIO3UTHOTO MaTepuasna 000HMBI Z,, TPeOyEMOTO T YCHIICHUS KOJOHHDI:

, 0,1(e,, - 0,004 )-D -R,,

°

R, ¢, (87)

B omnmume or panHOro moaxoga, B Jmreparype [38] BbICKaseIBacTCH
MPEANOJIOKEHHE, YTO KPUTEpH paspymieHus o6oiimbel u3 KM® Gasupyerca Gosee Ha
XECTKOCTH OOOMMEI, YeM HA CO3JaBacMOM €H0 JABICHWH. B Heil MPHHATH Clieayomue
JOMyIIECHNSA: KPUTEpHil paspylleHHs HE OOJDKEH ObIThb NPHOPUTETHEIM H TpeboBaTh
JOTIOTHATENBHBIX 3HAHWH MO PagHaTbHOMY PacIMPEHHI0 GETOHHOTO sApa; B OTIHYHE OT
Mpo4YHOCTH Ha pacTsbkeHue KM@ moayJib yIpyroctd BOJIOKOH B MEHBIIEH Mepe 3aBUCHT
0T MEXaHWYECKUX IOBPEKACHUH Marepuana, BOHUKAKOIIUX BO BPEMS INPOM3BOJCTBA
paboT MO YCUIICHHIO.

Hcxond w3 3THX NONOXKEHWH, PEKOMEHIYETCsl CIIEAYIOIas 3aBHCHMOCTL UL
pacyeTHOM mpouHOoCcTH OETOHA, YCHICHHOTO KOMIIO3MTHBIM MATE€PHAIOM Ha OCHOBE
CTEKJIOBOJIOKHA!

R, =0,6TR/y, +0,05-E (2¢,/D). (88)

be

CpaBHUTENBHEIE HCChenoBaHus, mpuBeneHHble Lillistone D. [48], moxazama
XOpouryro  cxomumMoctb  Qopmynel  (88) ¢ pe3ynbTaraMd  3KCIEPMMEHTAJLHBIX
MccneaoBanuit [45], 1 aBTOp PEKOMEHAYET e I pacueTa MPOYHOCTH Ha CxKaThe GETOHa,
YCHUJICHHOTO 000#MOM, a Taike Opyrux KOMIIO3UTHBIX MarepuanoB. Tak Kak ata
3aBHCHUMOCTH TaKXKe OCHOBAaHA Ha KyOWKOBOM MPOYHOCTH GETOHA, TO OH PEKOMEHIYET

IOPUHUMATH KO3()UIHEHT HAIEKHOCTH 110 OETOHY Vp, = 1,5.
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Veunenne ob6oiimamMu KM@  5kene300€TOHHLIX KOJIOHH — VBENHYMBAET HX
IIPOYHOCTb HA M3THO, YTO SBJLIETCS €r0 JOMOJHHUTEIBHBIM NPEUMYIIeCcTBOM. OMHON U3
OCHOBHBIX ITPOOJIEM IIPOEKTHPOBAHUS B JAHHOM CIIydae SIBJLETCS OLPENEICHUE TOMIIUHBI
KM® t,, a1t TOT0, 9T00BI OHA MOTJIA COPOTHBITECA KaK M3rHOAIOIEMY MOMEHTY, TaK U
CKUMaloIIell Harpy3ke Ha KOJOHHY. YcuieHHe ofoiiMaMu OETOHA YBEJIHUYMBAET €T0
MPOYHOCTb HA CXKATHE U CIOCOOHOCTb COMPOTHBIATHCA AchopmarmsaM. [lostomy mpu
TMPOEKTHPOBAHMH OYCHB BAXXHO YIYUIINTH S(P(PEKTHBHOCTb YCHJICHUS YBEIHYECHHEM
nehopmaumii, KOTOpble MOKeT BocnpuHiATh KM®. A DNOCKOIBKY KOMIIO3UTHEIE
Marepuanel Xyxe padoTaroT Ha CKaTHe, YeM Ha DPACTDKCHHE, TO B JAaHHOM Ciydac
0c00EHHO BaKHBI TPeOOBAHUS K MX JKECTKOCTH. B MPOTHBHOM Clydac BO3MOMKEH PUCK
otcioernst KM® ot moBepxHOCTH OSTOHA WITH paspylIeHHe aHKepoBkH. HabmromeHus,
nposenenHble Cuninghame et al [46], NO3BOAMIN YCTAHOBUTD, YTO JIsL KPYITIBIX KOJIOHH,
BHE 3aBHCHMOCTH OT THIIA BOJIOKOH M KIJICSIINI COCTaBa, MECTKOCTH OOOHMEI JOJDKHA
Ob1TE Oonee 320 MITa.

B pabote [2] TpHBENEHHYIO TPU3MEHHYI0 TPOYHOCTh OETOHA KOJIOHHHI,
YCUJICHHOH MOBEPXHOCTHO-OKJIECUHBIM CTEKJIOIIACTUKOM, MpeiaracTcs ONpeaesaTh Mo
bopmye:

R, =Rb(1+0,5:—”) s (89)

o
rae

Ry — IPOYHOCTH OETOHA HA OCEBOE PACTSHKEHHE,

O, — IOTIOJIHUTENILHOE HamNpsKeHue B OETOHE, BEI3BAHHOE PAOOTOi MOBEPXHOCTHO-

OKJICCYHOTO CTEKIIOTIIACTHKA, OMpeAensemMoe o hopmye:

o, = (2ngPplb, (90)

rac

Ny — KOJMYECTBO CIIOEB CTEKJIOTKAHH B CTEKIIOMIACTHKE;

Py — pacyerHas OpPOYHOCTb HA PACTsDKCHUE 1 CM CTEKIOIUIACTHKA U3 OJHOTO CJIOS
CTEKIIOTKAHH;

b — mMpHHA yCUTMBAEMOH KOJIOHHBI.

Mo cBoeii crpykrype dopmyina (89) ananormdna dopmyie (64), a popmyna (90)
BBIP@KEHUIO (67).
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B pa6ote [49] npu pacdere TpyOOOETOHHBIX CTOEK BBOAUTCS KOI(QQPULMEHT Ky,
YUATHIBAIOIIMIA TOBBIIIEHHE MPOYHOCTH 3aKIIOUEHHOTO B oboiiMy OertoHa. Jlnia GeToHa
B20 x, = 1,92, a s 6erona kmacca B30 x, = 1,55.

Bemuunna xo3dduuuenra 3QQPEKTUBHOCTH yCHICHHS PACCYMTHIBACTCA U3
MPEAMOCHIIKH, 49T0 A(PEKTHBHOCTh YCUIIEHHS (HaMM4yue PaJHAIBHBIX HANPDKCHUH B
6eTOHE) IOCTUraeTcs B MOJIHOM MEPE HA HEYCWIEHHOM Y4acTKe, Iie JeHCTBYET apOyvHbIii
3pdekt. Mexny IByMs JICHTaMW YCHICHHA TUOMAAb >(PQEKTUBHO YCUIICHHOTO

6ETOHHOTO S1pa Age COCTABUT:
4 :%(D——) R 91)

rae s = (s — b.) — paccrosiHuE MEX/Ty JIEHTaMH yCIICHHS.
BenuuuHa K, Onpenensercs COOTHOMEHUEM A,./A, 20e A,—(A-Ay) — nnomanp
MONIEPEYHOTO CeYEHHsT OeTOHA KOHCTPYKLUMM 3a BBIYETOM IUIOAAM MPOJONIBHON

apMatypsl A

=—2D g2y 92)

rae K — ko3¢ uIiueHT apMIpOBaHKS KOHCTPYKIAX TPOAOJIBHOM CTATBHOMN apMaTypoii.

Kak BHEHO u3 BHIpKeHHs 92, BenM4uMHAa X, Bcerga MeHele 1, oOpaTHO
TIPOTIOPITHOHATBHA § M A M IPSMO IPONOPUHOHATEHA JHAMETPY KOMOHHEL,

IIpy NpUMEHEHUH [/1sl YCUIIECHUS. KOJIOHH XOJICTOB, PACIOIAraéMbIX 10 CIIUPaIH K
MOBEPXHOCTH KOJIOHHBI, J(EKT YCWICHWs] CHIXKAETCS W pPafuaibHble AchopMalvn
OeroHa OyayT MeHbIe. BennuuHa pacTArMBAOMIUX YCHIMN B KOMIIO3UTHOM MaTepuaje
N, mpMHUMaeTcs TOCTOSHHOM. PagnaibHEIC HAPSDKEHUS B OETOHE TIO BEICOTE KOJIOHHBI

[PY YCTPOiicTBE 0OOMMBI 10 CIIAPATX COCTABSIT:

T (93)

K+

R~ , (94)
rae ¥ = P2z (P — mar cniupaiy, ¥ — panyc).
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B cmydae oXBAaTEIBAHMS KOMIIO3UTHBIM MAaTCPHATIOM KpPYTJION JKeNe300eTOHHON

KOJIOHHBI OOKOBOE JaBJICHUC Ha CAUHUILY €€ JJIMHBI COCTABUT:

T,= (935)

C ucrnonms3oBaHAeM 3aBHCUMOCTEH (93) — (95) BenmmumHa K03 pPULIEHTa YCUIECHNS

k. COCTaBUT:

!
PRI, ' 926
l+(D)J ( )

6.3 YcujieHue KoJIOHH He KpYIJiol (popMbl oNepeYHoro ce4enns

B cimydae KONOHH NPSIMOYTOJILHOTO MONEPEYHOro CEUCHHs ¢ pa3MepaMH CTOPOH b
X d (pucyHOK 38) U ¢ yrjlamMu, pajiycaMu 3aKkpyrieHus r. = 15-25 mm, dacte 6eToHa He
HCIBITHBACT 3(deKTa yCcwieHns U TOJNBKO B YacTH IUIOMIQAM MOHNEPEYHOTO CEUYCHUS
o0pasyercs s1po OETOHA, UCIBITHIBAIOLIETO NOBLILICHHBIEC PaJUAIbHBIC HANpskeHus. Kak
W B Cllyyae YCHJICHHS KOJIOHH, OTAEJIBHBIMU MOJIOCAMM KOMIIO3UTHOTO MaTepHaia 1o ux
JUTHHE HEYCHUICHHBIE 00MacTH GETOHA OTPAHUYEHBI APKAMH C YIJIOM HakjioHa 45° K rpaHu

KooHHEI. [loyiHas mmomans ceYeHus 6C’TOHa, HCOXBAYCHHOTO YCHUJICHUEM!

e ©7)

YuutsiBas cooTHomeHue (A, — Ap,)/Ap, K03DOULIHEHT 3HPEKTUBHOCTU YCUICHUS

COCTaBHT:

2 2
PR P (98)
340 - p)

[omo6HO KOJOHHAM KpYIJIOTO NOMNEPEYHOIO CEUCHHS BEIMYUHBI PaJUAIbHBIX
HAMPSHKEHUH 110 OCSIM COCTaBAT!
T =My k E e, 99)
T = Mok E, 5,

TOE Uop B flod — KOIPduuentsl apmMupoBanws GeToHa 00okMoi 13 KM@ 0THOCHTENBEHO

¢TopoH b 1 d IPSMOYTOJIbHAKA!
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2b -t 2b_-t
= e =2 100
oo = ot = (100)

B cnywae, xorga mpsAMOYrOdbHOE cedYeHHE, Tepsas CBOWO (OpMy, CTAHOBUTCA
Onu3KUM K OBAIBHOMY, 000iiMa n3 KM® Oyzaer uMeTb N3MEHSIOIMINCS paguyCc KPUBU3HEL
W pa3MYHBIC HANpaBJeHUs TMepefaud Harpy3ok. B KkauecTBe 3KBUBaJeHTa OOOHMBI
KpYriIo# (OpMBI MOXKET OBITH B3AT CPECAHMI AMAMETP OBala MO PAa3HBIM HAIPABICHUSAM
TakuM 00pasoM, 4ToOBl MPH MOACYETE TOIMIIUHBI O00OMMEL f, STOT JUaMeTp ObIT paBeH
SKBHBAJICHTHOMY JUAMETPY KPYITIBIX KOJOHH. B 3Thx cnyuasx addextuBHOE paguanbHoe
IOaBjieHUue o, OyneT paBHEIM OOKOBOMY HABJICHHIO, OKa3bIBaEMOMY 000#MO# Kpyrnoi
(GbOopMBI 0, W OIpeAeNIeEMOMY IO 3aBHCHMOCTH (67), a MakCHMaibHas BENHYHHA
PaguaIbHBIX HANPSHKEHUHR O, BENUUINHE O;,, ONPENEISEMOi Mo 3aBUCHMOCTH (68).

B pabore [50] K DpPOEKTHPOBAHWIO YCUJICHHUS TIPAMOYTOJIBHBIX KOJIOHH
KOMIO3UTHBIMH MaTE€PUATIAMH IPUBOIUTCS HECKOJBLKO APYroii noaxol. OH UCMONb3yeTcs
B CBOEH ITPOEKTHOM NEATENFHOCTH (PUPMOH-TIPOM3BOIUTENEM KOMIIO3UTHBIX MAaTepraoB
“S&P Clever Reinforcement™ u aHamorHyeH mMoaxoay, u3foxxeHHomy B [40] ans ycuiieHus

KPYIJIBIX KOJIOHH.

HEYCI/U[CHH&H 00JIacThb 3JIEMEHTA

=2

\
450

d |d

KM®

b=b-2r,

Pucynok 38 — D dexTusnas obnacts ycuneHus o6oimamMu n3 KM@ mpsaMoyrojbHbIX
JKeNIe300€ TOHHBIX KOJIOHH, THE b U d — Pa3Mephl CTOPOH MPAMOYTOJIBbHON KONOHHBL, b 1 d’

- pa3MepEl YacTeil KOJMIOHH, HEOXBAYCHHBIX YCHICHUEM, 7 — PAAIYC 3aKPYITICHHUS
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MaxkcumarnmsHast fedopmarms cxkaths O€TOHA &, OHpeAessercs mo (GopMyIe,

aHaJIoru4HoH (86):

&

= 0,004 LA R e (101)
R

bo

Koadunment apmupoBanus onpeensercs o Gopmye:

b+d
o = 21, (—2) (102)

riae b u d — pa3Mepsl CTOPOH.
U3 5TUX JBYX BBIPOKEHWM BEHITEKACT 3aBUCAMOCTH JJISI OMPCNCICHHS TOJIIHHBI

CJIOA KOMITIO3UTHOI'O Marc€puaia:

0,4(6, — 0,004 )R, b-d
p, = 22 TR ALS (103)
R -¢ b+d

Ilo ycwiIeHWIO KBAaApPaTHEIX W MOPAMOYTONBHBIX KOJIOHH KOMIIO3HTHEIMH
MaTepruaaMi MOXKHO CAENaTh CICAYIOIUE OCHOBHBIC BBIBO/IBL:

- HA TPaKTUKE CIOXKHO MOOUTHCA 3HAYMTENHHOTO YBENMICHUS HECymeit
CIOCOOHOCTH W THOKOCTH KOJIOHH Ha ACHCTBHE IICHTPATEHO MPHITOKEHHOM HArpy3KH;

- YBENTMYCHNE TIPOYHOCTH HA W3THO KBAJPATHBIX KOJIOHH BIOIHE AOCTIDKHMO, HO
BCE  IpeMIaracMble  MHPOEKTHBIE  pEMIeHHd  JOKHBI  OBITh  IPOBEPEHBI
SKCIICPUMEHTAIBHBIMU UCCIIEJOBAHUSMH;

- HanOoubImii 3((EKT PN YCUICHNY KOJIOHH HEKPYTTIOTO CEYEHHs JOCTHTAeTCS ©
TIENBIO TIOBBIICHHS WX HECYIIeH CrTocoOHOCTH Ha AeHCTBHE MONEPEYHBIX CHIL

OnvH #3 IPUMEPOB MPOSKTHPOBAHHUS YCHIECHHS KONOHH KPYIJIOro MOMEpPEeYHOro
CeUCHHUS KOMIO3UTHEIMA MaTepraliaMi Ha OCHOBE YIJIEpOa IPEICTaBIICH Ha PUCYHKE 39.

Pa3pyurerne COSNMHEHNS CIOSB B PE3YNIbTaTe IMOTEPH CLETNIEHUS MEKIY HUMH
MOJXKET TIPOM3OUTH W3-3a2 HEJOCTATOUHOM MTMHBEI HX COMUHEHMs. JTOT BUJ Pa3pyIICHHS
SBIISETCS XPYIKHMM, YTO BECbMa HEKETATENBHO BO BPEMs OSKCIUTyaTallidl YCHICHHOH
KOHCTpyKuuu., KpoMe Toro, Bo3pociias Harpy3ka Ha KOJOHHY HEpeAacTca CO CTaNbHOMN
apMarypsl Ha GETOH M BbI3bIBACT MOSIBICHWE B IIOCIEAHEM MUKPOTPEIMH. 3TO, B CBOIO
OYepeib, YMEHBIIIACT CIETIEHHE MEX/TY apMaTypoit u 6eToHoM. [TprMeHeHHE ske 000HM
M3 KOMIIO3UTHBIX MaTepuajioB, OCOOCHHO IIPEAHANPSDKCHHBIX, IOBBIIIACT CLCTICHHE

MCKAY CTABIO H OeronoM. OJHAKO M3-3a HEIOCTATOUHOH JUIMHBI COCOUHECHUS CIIOEB
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KM® B 00oiiM€ B YCIOBUSX NOBBIIICHHON HArpy3kd Ha KOJOHHY M PA3BUTHS TPELLMH
MOYKET TIPOM30HTH €€ XPYIIKOE pa3pyILEHHUE.

,[lnyma COCOUHEHHUA [UId PA3JIAYHBIX CUCTEM YCHICHHA W KOMIO3UTHBIX
MaTepuaioB OOBIYHO  YKA3HIBACTCS  (PUPMaMH-IPOM3BOAUTENISMH, HO B  CIlydae
HeoOXOAMMOCTH JOKHA NPOBEPATHCS HA mpakTuke. OOMIAM MPABHIOM SBIISETCS TO, YTO
KOTZia JUlsl YCUJICHHs KOJIOHHBL IPUMEHSIOTCA ABa wiau Oonee cnoeB KM®, To mecta
COCAMHEHHUA CJIOCB HOJ/DKHBI pacrojarartbCsa Ha TPOTHUBOMOJIOKHBIX KOHLAX KOJIOHHBI.
Munumanshas mmHa coenuaeHns 200 MM.

le/lMel-leHI/le 000MMBEI M3 KOMIIO3UTHEIX MarepuajioB IO3BOACT YBCIUYUTH
HECYIIYIO CITOCOOHOCTE KOJIOHH Ha JICHCTBHE TIOTIEPSUHOM CUJIbL.

g ,Mla

+ Ha Kol oHHy KP3TIOr 0 NONepeuHoro CeueHt JHanMeTpon S MM OpenonaraeTca
vB emirerme Harpysen ¢ 4MIa go Thilla xosd drmmeHT HAT SKHOCTH IO HArPYIKE
- 1,73, mo narepsramy - 1.2

\ Tpebyerdan Bemnnma Hanpos et o, Mla

10 \ 4p,=1,753,00MI1a= 323 MIIa

\ 1 croit S&P C Sheet 240 (200r:4r) = 4 MIla => Tpebyerca 2 crox

\ R=c +E jy = SEGHEN_ 15000ITa

t= Beclads oneTa IIoTHOCTE X onera = 200(r WL, 7(r cad=0,117 nt

2 cmoa 7= 20.117=0234 nou

A

‘x___\-

! S

100 * 500 1000’(mm)
JHaMeTp KOMOHHBI

Pucynok 39 — [Ipumep onpeneneHus HEOOXOAUMOTO KOJIMUECTBA XOJICTOB JUTS

YCHUIIEHUS KOJIOHHBI IO/l HOBYIO HATPY3KY

Pacuer Hecymiel cmocoOHOCTH KENE300€TOHHBIX KOHCTPYKIMM Ha AeicTBHE
MIONEPEYHOl CIUIbl IpHBEAeH B riaBe 2. CompoTHBIICHNE OETOHA M CTAJIBHOW apMaTypel
paccuntbiBacTca cornacHo Tpeboanusim CIT 63.13330. ConpoTuBieHUE Ha OEHCTBUE
NONEPEYHOH CHITBI KpYTABIX 000iiM 13 KM® onpenensiercs mo Gpopmyie:

Q. = (n/2)1,dE, €, (104)
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e

d — paccTosiHIE MeX 1y BHEIMHUM KpaeM 00oiMbl u3 KM® u 1ieHTpoM pacTaHyTOH
apMaTyphl,

& < 0,004 — pacyerHas aepopmarus KMO.

Takoe orpaHuueHUE NONEPeUHol JeOopMaluy CBA3aHO C TEM, YTO KOMITO3HTHEIE
MaTepraibl NMEIOT IMHEHHYIO AHarpaMMmy Ae(opMUpOBaHUS BILUIOTh OO Pa3pyIIEHUs U B
JaHHOM CIIydae €€ 3HAUCHUE aJanTHPOBAHO K A¢(HOPMUPOBAHUIO BHYTPEHHEH CTATBEHOM
apMaTyphl.

B pe3ynbrare yCWICHHS KOJOHH OOOHMON W3 KOMIIO3HTHEIX MAaTEpHAIOB MX
JKECTKOCTh Ha W3THO YBEIMYMBACTCS, U3-32 YEr0 BO3PACTAIOT JACHCTBYIOIIME B HMX
BHYTPEHHUE YCHIUS. OTO OOCTOATENBCTBO JOIDKHO NPMHMMATHECA BO BHUMAaHUE TPH
MIPOEKTUPOBAHUHN. Y BETMUEHUE JEHCTBYIOIINX B KOJJOHHE BHYTPEHHUX YCHIMN 3aBUCUT OT
TOPUHATOTO METOJa YCWJICHWS, XapaKTCPHCTHUK KOMIIO3UTHOTO MaTepuana H  (OpMBI
KOJIOHHBI. B Talmuue 9 mpeacTaBlIeHO YBENWYEHUE NCHCTBYIOIMX B KOJOHHE YCHIIMNA B

3aBHCUMOCTH OT TIPHHATOTO crocoba yCHaeHus B % K paHee JCHCTBYIOUIUM YCUIHSIM.

Tabnuma 9 — CpaBHUTENBEHOE YBETMICHAE AEHCTBYFOINX ycmuii (%) B KOMOHHE

VBemuucuue o
Dopma KoToHHb! CTaJ'I‘]‘:Hasl Hapawmusanuc O6oiima n3
yoHIMsL oboiima 6eTona KM®
IIpononsHas cuma 10-20 20-50 0-5
Kpyraas
INonepeunas cuna 20-40 25-75 0-5
TIpoxonbHas cuma 20-40 20-50 0-10
IpsmoyroabHas
INonepeunas cuma 40-70 25-75 0-5

Kak BumgHO M3 TaOMWIEl 9, BO BCEX CAydasx OPUMEHEHHE JUlsl YCWIEHHS KOJOHH
060iiM #3 KOMIO3MTHBIX MATEPHAIOB BHI3EIBACT MEHBINEE YBEITMYEHUE HArPy30K IO
CPABHEHHUIO C OCTATLHEIME CIIOCO0aMH YCHIICHNS.

Bo Bpemsi dKcmulyarauud IO ACHCTBHEM HAarpy3kH HPOMCXOAHT YKOPOYEHHE
KOJIOHH, a TaKKe DPEeaTM3yIOTCS paavambHble Ie(OpMaliy, 4TO MOXKET NPUBECTH K
CHIDKEHHIO 3()(EeKTHBHOCTH yerleHIs. KpoMe TOro, KOHCTPYKLUN (HAlIPAMED, MOCTOBBIE)

MOTYT MCHBITBIBATH MHOTOKPATHO IIOBTOPSAOIINECA HATPY3KH, a TaKKE€ BO3MOXKEH pa3phbiB
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KOMIO3UTHBIX MAaTepHAIOB TPH JJIMTENBHOM MPHIOKEHAM TOJNHOW TNOCTOSHHOH W
BPEMEHHON HArPy3KH.

OceBoe YKOPOYEHUE JUTMHBI KOJIOHHBI MOJA ACHCTBYIOIIMMH HA HEE Harpy3Kamu
BO3DAacTacT NOJ JACHCTBUEM paHANILHBIX Ac(OpManuii OT CXKATBIX JIEMEHTOB. OTH
JedopManiy Mpu AOCTHXKEHUM 3HAYMTEIIBHBIX BEJIMYMH MOTYT CO3AaTh MPOOJIEMBl NPH
SKCIUTyaTaMd KOHCTPYKUMH W JAKE MPUBECTH K €€ XPYINKOMY PaspyLICHHIO.
OKCIUTyaTallMiOHHBIE HArpy3KH, BBIBIBAIOIIME MAaKCHMaJbHblE AchOpMALMU CXKATHA B
OeToHe, HE JOIDKHBI OBITH YPE3MEPHBHIMM, TaK Kak B OPOTHBHOM clydae u3-3a
HEMPEABUIEHHBIX OOCTOATENBCTB (TMOXAp, 3EMIICTPSCCHUE, BAHAAIN3M U T.A.) MOXKET
IPOM3OHTH pa3pyLICHHE KOJIOHHBI, TAK Kak OCTOH BCICACTBHE OOBEMHBIX AchopMaiuii
CTaHOBUTCS TPEUIMHOBATHIM. J{JIs MPEAOTBPALICHUS BO3MOXKHOCTH BO3HUKHOBEHHS JTOH
CHTyaIlMy PEKOMEHAYETCA MpPU MPOCKTHPOBAHMU OrPAHHYMBATH OCEBYIO AeopMALHIO
cxarus 6eToHA OT IeHCTBUS HKCILTYATAllMOHHbIX HArPy30K BenuuuHoi 0,0035.

Pacuer Kkege300€TOHHEBIX KOJOHH, YCHJCHHBIX of0oiiMoit u3 KMO®, Ha
BBIHOCJIMBOCTH JIOJDKEH IIPOU3BOAUTELCS B COOTBETCTBUM C YKA3aHUAMH IMYHKTOB 3.47-3.49
CIT 63. 13330. Ilpu 5TOM HampsDKCHHUSA, ACHCTBYIOMME B KOMIO3UTHBIX MAarepuaax,
JOJDKHBI OBITh JIAMUTHUPOBAHBL. KX 3HAa4eHHA B % OT HpENeNbHBIX R, JOMKHBI OBITH
cienytoue: st KMOY — 80%, KMOA — 70%, KM®C — 30%.

PaspyiieHHe KOMIO3UTHOrO MarepHaja MOXKET INPOM30HTU MOJ JUIHTEIbHBIM
JCHCTBUEM IIOIHBIX SKCIUIyaTallMOHHBIX HArpy30K. 3TOr0 THMA Pa3pyLIEHHS MOXHO
n30exaTh, TMMUTHPYs YpoBeHb HanpsbkeHuid B KM®. [loatoMy ypoBEHDb HanpshkeHHH B
KM® pexomeHAyeTcs OIpHHUMATL B % OT MX NMPEAENBHBIX 3HaucHuil R.: i KMV —
65%, KM®A — 40%, KM®C — 55%. [lpuBencHHBIC OrpaHHYEHHs] HAMpPDKCHHN B

KOMITO3MTHBIX MaTepHaiax B34Thbl U3 JIMTEPATyPHBIX HCTOYHUKOB [51].

6.4 CpaBHeHHe PAa3IHYHBIX CIOCO00B YCH/ICHHS KOJIOHH

CpaBHEHHE 10 Pa3TMYHBIM KPATEPUSIM CHOCOOOB YCIICHHS NPHBEACHO B TabnmIe
10.
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Ta6nuna 10 — CpaBHeHNE CIOCOOOB YCHIICHHS KOJOHH

Cnoco6 VBeauucHuc Hsmenenue Pagnanpbnoc | Yeemwmaenue |Tpymoemxocts| Kopposus
YCHIICHHS Beca pa3MepoB JaBIEHHC M3rUGAIOLIHNX pHEMe-
KOHCTPYKLUU KOHCTPYKLIAH yCHIui HEHUS
CranbHast - - - - - - - -
oboiima
Hapamusanue - - - - - - - o
6cTOHA
OGoiima 13 + + + + + + + +
KMo
Ipumeuanue: “- -“— 0ueHB WIOX0; “-“~ MI0X0; “0” — OTCYTCTBYET; “+ - XOpowo; “+ + ** 0UYEHb XOPOLO

Pesynprarsl Tabmuupsl 10 HarmsaHO AEMOHCTPHPYIOT HMPEHMYIIECTBA YCHIJICHHS
KOJNIOHH 000fiMamMy M3 KOMIO3UTHOI'O MATepHaia II0 CPABHEHHUIO C JPYTHMH CIIOCOOaMH.
BoJbIM IpenMyIecTBOM MpuMeHeHus o0oiiM u3 KM® sBiasercss MUHAMAIBHOE
yBeNMYECHHE M3rUOAIOMX YCHIMM, HECMOTPS HA PE3EPBBI B YJIyUIICHHH THOKOCTH
KOHCTpYKIUH. B pe3ynbrare ycuieHUs KoJoHH oboiiMamut KM® oHM HE MOABEPraroTcs
OCHCTBUIO JOMONHWTEIBHBIX BHYTPEHHUX YCMIUH M 3THM NPEAOTBPAIACTCI HX
IPEXKIEBPEMEHHOE Pa3PYIICHHE.

HpI/I HUCIOJIB30BaAHU A A YCHJICHUA npeaHanpsLKCHHbBIX KOMITIO3HUTHBIX
MarepuanoB (0COOCHHO HAa OCHOBE apaMujia) B KOHCTPYKIMU OBICTPO yCTAHABIMBACTCS
TPEXOCHOE HANpsHKeHHOE COCTOsHWE. brnaromaps 3ToMy B OETOHE yBEIMYUBAIOTCS
CKUMAIOIIHE HANPsHKEHIS Oe3 MPOosBIICHHS GONBIINX 0CEBBIX Je(opMAaIiii.

IpuMeHeHne YCUICHUS JKeIe300€TOHHBIX KOJIOHH KOMIIO3HTHBIMH MaTepHalaMH
TEXHOJIOTMYHO. BpeMs mpocTos COOPY:KEHHA (3TO OCOOEHHO BaKHO JUI MOCTOBBIX
KOHCTPYKIIMIA) 3HAUMTENBHO yMeHblmaeTca. K Tomy e, oboiimpl m3 KM® wumeror
HeOOIBIIYIO TOMIUHY B TPeOYIOT MEHBLIE BPEMEHH JUIsl BCTYIUIEHHS BO B3aUMOJICHCTBHIE
C  OCTaJbHBIMH, PpACHOJIOKCHHBIMH  BONM3H,

CTPOUTCIIBHBEIMHA KOHCTPYKIIUAMHA

MH)KEHEPHOTO COOPYIKCHIISL.
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7 TexHo0orAs ycueHus KOHCprK‘IIl/lﬁ KOMIIO3UTHBIMH MATCPHAJIAMHA

7.1 YcranoBka KOMITIO3UTHBIX MaTE¢pHAJIOB Ha MOBEPXHOCTH

YCHJIHBAEMO#i KOHCTPYKIIHH H KOHTPOJIb Ka4ecTBA NPON3BOACTBA padoT

YeuneHne xene300eTORHBIX KOHCTPYKIHIA SBISETCS YacThi0 OOLIEro MpoLecca 1o
WX BoccTaHoBicHUIO (pucyHOK 40). VYcuieHue xKene300€TOHHBIX KOHCTPYKUME
HEOOXOMMMO TPOM3BOJATE, €CIH OHH HE Y/IOBIICTBOPSIOT HMOBEPOYHBIM pacueTaM Mo
Hecyleii cnocoOHOCTM MM TpeOOBaHMAM HOpManbHOH  3kcmyarauuu. Ilocne
[OPOBEACHAS IOBEPOYHBIX PACYETOB HEOOXOAMMO BHIOpPATH CHOCOO YCHIICHUS, KOTOPBIH
yAOBNETBOPsn Obl TpeOoBaHMAM 0e30MacHOl KCIUTyaTallud COOpPYKeHUs, obecrnednBan
TEXHOJIOTHYHOCTE MOHTaXa JJIEMEHTOB YCHIICHHS M OCYLIECTBIIUICA 0€3 OCTAHOBKH
MPOM3BOACTBEHHOTO TIpotiecca. Takum TpeOOBAaHWSIM OTBEYAIOT KOMIO3HTHBIE MATEPHAITEI
Ha OCHOBE YTJICBOJIOKOH.

Hpe;:maraeMaﬂ TCXHOJIOTHS YCHIJICHHA ONpPEACHACT TOpPAAOK H  YCIOBHA
BBIIOJHEHN paboT NpH YCIWICHHH KOMIIO3UTHBIMH MAaTepHaIaMU SKeNe300€TOHHBIX
CTPOUTENBHBIX KOHCTPYKIHI C LENBI0 Mepepaclpe/cicHis HAMpPsKeHHWI B dleMEeHTax
KOHCTPYKLIHH.

TexHONMOTHs BBHIIOIHEHUS Pad0T IO YCHUJICHHIO CTPOUTENIBHBIX KOHCTPYKLWH H
KOHTPOJTIO KauecTBa NPUBEACH Ha pucyHKe 41. OHa BKIIIOUAET:

- IOATOTOBKY TIOBEPXHOCTH KOHCTPYKIIUH;

- MOHTX JIMCTOBOTO MaTepralia,

- KOHTPOJIb KA4eCTBA IPOU3BOACTBA PaboT;

- HaHECEHME 3alITHOTO CIIOS OT BO3AEUCTBHS OKPYIKAIOMIEH CPEBI;

- IPOMBIBKY 000pYA0BaHHUS.

JlaHHAS TEXHOJOTHS YCUICHHS CTPOUTENBHBIX KOHCTPYKIIMI TPEICTABISET 4acTh
00111Er0 TEXHOJIOrMYECKOro NpoIiecca Mo PEMOHTY KoHCTpykuuu (puc. 40) u pazpaboraHa

C YUCTOM UCITPABHOCTH FHI[pOI/BOJ'IHHHOHHOﬁ CUCTCMEI B COOPYKCHUH.
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Cunsitag crenens

ToppeIeRnt Hacxomsro BaxTIa 3cTeTHRA,
ROACIPYRIEH BENMHHHA B HAMIIHE
FAMUTRCTO C105 0eTOHA, Her Htero \e
¥ IPUHIMATS,
Ofenerena i T Kapboimzaiprs, XOpposI npenp
~ ares
HCCYIRa4 CITOCODHOCTS beuonoraze m;ma
KORCTpyXRIUH ! ApMaTIPH-
Her J Ao
7 Bozuoxio an,
lposcaciie aamisa BLITOTHO I Hr =
11 NOBEPOTREIN pacyeT OTpEMOHTHDORATS ——| 3avMcHa KOHCTpyRUAH |
KOHCIpYKUHA KOHCIDYKIHIO
]
[ Aa
Yaaneime y ;
A [ —— COOTRETCTRYIOT TTH Thpmacrcrn
DAIPYIICHHOND CHOS yenomzopars, | Her | 01088 npunicticnto | sy | yermmpparompre
berona w nomoe A VCHIABAIOWHX -
X CYMIECTRYIOLYR) - IUEMEHTOB 113
BCKPBITIC ApMATYPHOIO apuanpy ? JUEMEHTOB U3 Y —
Kapxaca ek yracpaactixa ? -
Jla
| A Her
Ouitcrxa apmarypaoro Veinicnye nim 3aveHa
Kapkaca cymecIRyIonl
apMATYPET
Obecconiganne
KOHCIpYKUMH (ecy
BOIMOKHO) Okpacka OREPXROCTH
T KOFCTPYRIAIT (€077 TYHKII0)
1
JaimiTa apuatyproro Tupousonsung TOBCPXHOCTH
KapKaca HSIYTPH
| ]
Hagecenve npaiimepa Hancecnue pesontaoro Hawecerne khipaBHIIBARONIETO
T OETON H apMATIPY COCTARA TOKPITIA

Pucynok 40 — TexHoMOrn4Yeckuit MapIpyT peMOHTa KOHCTPYKIHH ¢ BEICOKOH

CTENEHBIO MOBPEK/IEHUH (Kopposus 16,5-40%)
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—l MogroToska nosepxHocTH ]

o YnaneHue papyiieMHoro 6ETOMA W 3ATPAIHEHUY, MpUTAHYE
_:l— LUEPOXOBATOCTH NOBEPXHOCTH, CIIIAXHUBANHE YINOB U 00ECTIbINABAHNE

’(OHTpOﬂb Ka4EeCTBa NOBEPXHOCTY. KOFe3HOHHAA NPOYHOCTD,
BIAXHOCT, HATMMHE HEPOBHOCTEN, TDELYMH ¥ IDUIHAKOB KOPPOINH

—|MaT8pM8HbI BHELWHero Yohnenua Ha OCHOBE YINePOgHbIX BOHOKDHI

[logroToBka 1 04HCTKA NI0BEPXHOCTH MaTephana I

3aroToBka 0 pasMEDY ¥ MPOBEPKa HaTumA AegexTos |

—I Yeunenme koMno3uTHbIMN MatepuanaMyt Ha 0CHOBE YIMePOLHLIX BONTOKOH |

—— Hauecenye agresnsa Ha betoH |

— Harecetine agresuaa Ha amiuHaTs! |
—] Yeranoska mMatepuana yeunenna |
Xonctsi
—] Harecenve rpyrToBky niv Wnaknesku ]

—— Hanecenue CMOJTb! HU3KOM BASKOCTY (MpaiiMepHbif Cou)|

Yerakoara Xonctos

— (IponuTka MaTepuana younenns (okpsiatomi criod) |

— Kowtpons kauecTaa paboT (nepes, 8o Bpema 1 nocne ux ssinonHenms)|

KauecTBo APUMEHAEMbIX MATEDUANIOB (CTAHZADTHLI
TECT MaTepUanoB YCUNeHA W 30re3vBa/CMObl)

KoHTpoMs yenoBuil padoT (podYHOCTL BETOKA,
HBPOBHOCTH, YCNOBUA OKPYXAIOWEN cpentbl U T.4.)

KonTpOmMs Ka4ecTaa BO BPEMS H NOGNE BLINONIHEHMA pAOOT (HanpasneHme
(PBDbI, RONDKEHNE, PASMED, HEPOBHOCTY, BATE3NS, RANMHME ITYCTOT)

—] Orgenounsie pabotsi (no HeobxoaumocTy)|

3aujuTa 0T BOSAEHUCTBUR OTHS 1 YIIbTPAQUONETOBOTO U3NYHEHNS |

Pucynok 41 — TexXHOIOTHS YCUICHHS JKENIE300€TOHHBIX KOHCTPYKIHHA ¢

IIPUMCHCHHUECM KOMIIO3UTHBIX MaT€prajioB

VYcuneHrne KOMImo3HTHEIMHA MarepuajiaMi HAUUHACTCSl ¢ MOATOTOBKU MOBECPXHOCTH

KOHCTPYKITHH.
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TToBEpXHOCTE KOHCTPYKLMM B MECTaX HAKICHKA JWCTOBBIX MAaTepHaoB
HOABEPraroT OYUCTKE, Yalle BCErO MECKOCTPYiHOM 00padoTKe, UTO MO3BOJISIET BCKPHIBAT
HOPOBYIO CTPYKTYpy OeToHa.

3areM 06paboTaHHYIO MOBEPXHOCTH MUIM(YIOT abpasHBHBIM HHCTPYMEHTOM JUIS
IIPUJIAHKUS POBHOCTH U HIEPOXOBATOCTH, BBICTYMAIOIINE OCTPHIE KPOMKH CKPYTIISIOT IO
panuyca 1-3 cM. KOHCTpYKIMOHHAS MPOYHOCTH MOBEPXHOCTHOrO CJI0Os OETOHA MO/DKHA
ObITE He MeHee 1,0 H/MM? 151 XONCTOBBIX marepuaniop KM® u ne menee 1,5 H/mm? s
JIAMHWHATA.

ITocie BEIpaBHUBAHUS MOBEPXHOCTH OOCCIIBUTHBAIOT C TIOMOTIBIO MTPOMBIIIICHHOTO
MBUIECOCA.

UToOBl HCKITIOYUTE KOHICHTPALNIO HANPSKCHHUM B YIJICTUTACTHKOBBIX XOJICTAX HITH
JaMAHATaX U 00€CEeYNTh PABHOMEPHOCTD PACIPEACIICHIS PACTATMBAIOLIMX HANPDKCHIH
CJICyET IPOBEPUTH POBHOCTh MOBEPXHOCTU C TMOMOIIBIO 1-MeTpoBoii peiiku. Ilpu 3TOM
JOIyCKAeTCs MAKCHMAIbHOE OTKIOHEHHE 1 MM Ha nostoce JUTMHO# 30 cMm.

Ecnu pannoe TpeOoBaHME HE COONIONAETCS, TO HEOOXOJWMO BBHIPOBHSTH
HOBEPXHOCTh ¢ MOMOIIbIO CHENHATFHOTO BHIPABHUBAIOIIETO COCTaBa. [IPHTOTABIMBAIOT
BEIPABHUBAOIINN COCTaB HA OCHOBE 3MOKCUIHON CMOJIBI U KBAapLIEBOTO MECKA ¢ MOIYJIEM
KpyImHOCTH M, = 0,5-0,8 MM, HCXO/ISI M3 CIICAYIONUIMX COOTHOLICHHIA:

- KOMIIOHEHT A (3IIOKCHHAS CMOJIa) — 2 BECOBBIX YacCTH,

- KOMIIOHEHT B (oTBepanTens) — 1 BecoBas yacTh;

-KOMITOHEHT C (KBapLEBbIii MECOK) — 3 BECOBBIE YACTH.

Jnd [puroToBnEeHMs BBIPABHUBAOILIETO COCTAaBa HCHONB3YIOT MHKCEP CO
ckopocThr0 BpameHus 400-600 o6/muH. CoOCTaR TPHUTOTABIHBACTCA B CJIEAYIOMIEH
MOCIIEIOBATEIBHOCTH:

- B EMKOCTb IIOMELIAIOT JO3UPOBAHHOE (PACCUMTAHHOE U B3BEIICHHOE) KOJNMUECTBO
KOMIIOHEHTA A

- IpU IOCTOSIHHOM TI€PEMEIIMBAHUN TOOABJAIOT PACCUATAHHOE U B3BEILIEHHOE
KOJIMYECTBO KOMIIOHEHTA C [0 MOMy4YeHNs CMECH OJHOPOAHOI KOHCUCTEHIINY,

- K IOJIy4YEHHOMY COCTaBy IOOABIISIOT PaCCUMTAHHOE U B3BEHMICHHOE KOIMYECTBO

KOMIOHEHTa B 1 mepemenmBaroT B TeUeHNE 3—5 MUH.
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ITpuMedaHue: AOMYyCKAETCS BHIMOJHEHHE YKA3aHHON orepanyuy BPYYHYIO, €CIA
KOJIMYECTBO IIPUTOTABIMBACMOIO COCTaBa MEHEE 1 KT.

INocne cMmemuBaHUsS MOBEPXHOCTh BHIPABHUBAKOT MPHIOTOBICHHBIM COCTaBOM C
TOMONIGIO IMMaTelqss W Tepkd. Pacxom coctaBa ~2 kr/m’. Tlocie BHIPABHMBAHHS
HOBEPXHOCTH YCTPAaUBAIOT TEXHOIOTHYECKUI IepephlB HE MeHee 7—12 4., HeoOX0AUMBIiA
AJIs1 OTBEPIKICHUS COCTABA.

Iocne BBIPABHUBAHUS HOBEPXHOCTH OCYHIECTBILIOT HOATOTOBKY
TEXHOJIOTUYECKOH OCHACTKU M OOOPYAOBaHHUS MIA IIPOU3BOJACTBA PabOT MO YCHICHHIO.
Jlnsa obecredyeHnsl PaBHOMEPHOIO pa3MAaTbIBAHMS KOMIIO3MUTHOIO MaTrepuajia COINIACHO
TEXHUYECKOMY OTMCAHHIO COOMPAIOT CTAHUHY JUTS pasMelleHus pysiona KM®d-namunara.
Py70H naMuHaTa NOMEINAIOT B CTAHUHY U (PUKCUPYIOT ¢ HOMOMIBIO O0KUMHBIX POIUKOB U
OrpaHUYHUTENBHBIX IITAHT.

Ilonrotobka ~ KM®-namunara Bxirogaer  cnenyroomme  onepanud.  Ero
Pa3MaTbIBAlOT U3 PYJIOHA M MOMEINAIOT HA MOHTaXKHBIH CTON. Jlanee MPOBOASAT PasMETKY
OTPE3KOB JIaMKMHATA TPeOyeMOoif UIMHBI COINIACHO MPOEKTHOH JoKkyMeHTauuu. Hapesanue
JIaMHHATa NPOBOJAAT ¢ TMOMOIIBIO OTPE3HOM MAIUMHKH, UCTOb3Ys AUCK M0 MeTamty. s
00e3xupuBanus KM®-naMiHaTa UCMONB3YIOT OPraHUYECKUH PacTBOPUTENb - AllETOH C
pacxogoM 0,4 11/M* moBepxHOCTH. 1pH 5TOM OJHOBPEMEHHO YAAISCTCS rPadUTOBas MbLIb.

O6e3KUpEeHABIC TAMAHATHI CKIIAABIBAIOT HA MOHTXHOM CTOJIC TIEPE]] YCTAHOBKON
B [103aTOp Ul HAHECCHHs KIEAEero cocrasa. HaneceHue Kieslero cocrapa, COrllacHO
TEXHUYECKOMY ONUCAHMIO, OCYIIECTBIISIOT C HCIOMb30BAHMEM CNENMATBHOIO YCTPOHCTBA
— po3aropa. Perynupys mupuHy 10TKa 103aTOpa NMOJ, LIUPUHY HUCHO/L3YEMOTO JIAMHHATA U
BEJIMYMHY IIPOXOIHOIO 3a30pa, 00CCICUMBAOT PABHOMEPHOE HAHECEHHE KIIESLLIETO COCTaBa HA
MarepHajl yCUICHUs.

Monraxx KM®-1aMrHaTOB OCYIIECTBILIETCS ¢ MPUMEHEHUEM KIIEAIIETO COCTaBa
HAa OCHOBE OMOKCHIHOM CMOJBI, KOTOPBIi TOTOBUTCS MCXOAS W3 CIEAYIOIIETO
COOTHOIICHHUS:

- KOMITOHEHT A (3TIOKCH/HAsA CMONIa) — 2 BECOBBIX YacTH;

- KOMIIOHEHT B (oTBepmTess) — 1 BecoBas 4acThb.
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Krnesimmii  cocTaB TOTOBAT B IOAXOAAIIEH €MKOCTH, HMCIONB3YS MHKCEP CO
ckopocteto Bpamenus 400—600 o0/muH. [lamee B €MKOCTh MOMEIIAIOT JO3MPOBAHHO
(paccuMTaHHbIE U B3BEIICHHBIC) KOJIMYECTBA KOMIIOHEHTOB A M B m nepememmsair B
TE€UYEeHHE 3—5 MUHYT [0 MOJIyYEHHUs CMECH OJHOPOIHON KOHCHCTCHLIUM.

Ha moBepXHOCTh KOHCTPYKIMK B MECTaX HAKJIEHKH JIMCTOB JTAMUHATA C MOMOLIBIO
[IIaTeNs HAHOCAT CJIOM Kiled cocTtaB TojmuHo#M 1-1,5 mMm. Pacxon kies cocrapisger 2—3
Kr/M”. 3anpaBIfIOT TIOATOTOBJIEHHEIH OTPE30K JAMHMHATA B YCTAHOBKY IS HAHECCHHS
KJies Tak, 4yToObI Kpaii JaMuHaTa BbICTYNAI 3a Ipeaens! GopMyromieii miacTuHsl Ha 5-10
MM.

Jlanee BEBIKIANBIBAIOT B YCTPOMCTBO TIOBEPX JaMWHATA KICALIMA COCTaB M
PaBHOMEPHO PACIIPEEesAIOT ¢ MOMOIIBIO MacTepka i mmaress. [IpoaBuras jamMuHaT
Yyepe3 YCTAHOBKY Ul HAaHECCHUs Kied U yIeprKuBas IPOABHHYTHIA JaMMHAT C KIEEM B
OJTHOM TUIOCKOCTH, A0OABJISIOT 10 MePe HEOOXOMMOCTH HOBBIE TIOPIUH KIIESI B YCTAHOBKY

[TpoBoaat MoHTaX KM®-1aMHUHATOB ¢ HAHECEHHBIM KIIEEM B pabouee MOJIOKEHUEe
C OJNHOTO Kpas K IPyroMy WM OT LEHTPa K KpasM. 3aTeM €ro IUIOTHO MOMKHMAIOT K
MOBEPXHOCTH KOHCTPYKIMH, IIPOKATHIBAS TBEPABIM PE3MHOBBIM BATTHKOM.

Ha BpeMs OTBEp>KACHUS KIESIIEr0 M 3alUTHOIO cOCTaBoB (~12 4) obecneunBarot
3aLIUTY CMOHTHUPOBAHHBIX JIJAMMHATOB OT JIFOOBIX MEXAHMYECKUX BO3AEHCTBUHA.

Unctky 000py0BaHKs OT OCTATKOB BHIPABHUBAIOLIETO, KIICSIIETO WK 3aIlUTHOTO
COCTaBOB BHIMOJIHSAIOT C MOMOLIBIO Himarens ¥ Beromm. [locne s3Toro obopyaoBaHuHE U
WHCTPYMEHT MPOTHPAIOT BETOILIHIO, CMOYCHHO# B PACTBOPUTEJIE.

Onepauyy BHINOJNHSAIOT Cpa3y HOCIE HCHOJL30BAHUS MPUIOTOBICHHON NOPLMA
COCTaBa, OCTATKH COCTABOB YTHIIM3UPYIOT B CHICIIAILHBIE €MKOCTH.

Jlo Havayia MpOM3BOACTBA PabOT ONPEAEIISIOT MO KOTE3UI0 MOBEPXHOCTHOTO CIOS
0eToHa KOHCTPYKIMHM ¢ ToMoIIbio mpubopa DYNA Z16 u koMmiekTa mramnoB 50 M.

KoresnoHHasi NJIOTHOCTh IOBEPXHOCTHOTO CJlosi O€TOHA B MeCT€ MOHTaKa
JIAMHHATOB J0/DKHA OBITh He Menee 1,5 H/mm® (15 kr/em?).

Ilepen HayanoM BHIOIHEHUS pPA0OT OMPEACNAIOT CIEAYIOIME IapaMeTphl
OKPY’KaIOILEH CPEbL:

- TEMIIEPATypy BO3/yXa;
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- TEMIIEpaTypy NOBEPXHOCTH KOHCTPYKITHHY,

- BI&KHOCTb BO3/lyXa,

- BIQKHOCTh KOHCTPYKLIUH,

- TEMIEPATYpPy TOUYKH POCHI.

3HaueHNs U3MEPAEMBIX NTAPaMETPOB JAOKHBI OBITh!

- TeMmepaTypa OKpyXkaromero posayxa = +10°C;

- BJIQKHOCTb OETOHA < 4%,

- TeMIIepaTypa MOBEPXHOCTH OeTOHA min Ha 3 °C BeIlIE TEMIEPATYPbI

TOYKH POCHI

T'abapuTHBie pa3Mepbl MOHTHPYEMOTO XOJICTOBOrO Marepuana Ha COOTBETCTBHE
TpeGOBaHUAM TNPOEKTHOH JOKYMEHTALUH KOHTPOJIUMPYIOT C MOMOIIBK) H3MEPHTEIBHOIO
HWHCTPYMEHTA.

KadecTBO MOHTa)Ka XOJICTOBOTO Marepvaia MPOBEPSKT UHCTPYMEHTAIBHO — MO
TOJIIAHE HAHOCHMBIX CIJIOEB, WM AQHAIUTHYECKH — TIO PacxoAy KIEAIIero cocTaBa W

o6pabareiBaeMoit IOIIAAM;, BETMYHHY MEPEXIECTa — HHCTPYMEHTAIIBHO.

7.2 KneeBble cOCTABBI H CX€Mbl HCIIBITAHHH KJICEBBLIX COeIHHEHMId nmpu

HCOOJb30BAHUH KOMIOO3HTHBIX MATEPHATI0B 11l YCHJICHHA KOHCprKl.[l/Iﬁ

BaXHBIM KOMIOHEHTOM CHCTEMBl YCHUJICHUS BHEIIHUM AapMHUPOBAHHEM IPU
IOMOIIM KOMIIO3UTHBIX MAaTEPUATIOB SBIIETCA KICANMA COCTaB WM KJIEAIIHHA COCTaB.
OCHOBHBIM €T0 Ha3HAYCHHEM TTOMUMO COOCTBEHHO NMPUKIIEHBAHNS, SBIAETCS BOCIIPUATHE
CABUTOBBIX M OTPBIBAIOMIUX YCWIHH MEXIY COCAMHIEMBIMH IOBEPXHOCTAMH. [l
TMPUKITCHBAHUSA KOMITIOUTHOTO MaTrepuanra K OCTOHHONW MOBEPXHOCTH 4Yallle BCETO
MCHONB3YIOTCS  BIIOKCHAHBIC —JBYXKOMIIOHEHTHBIE KIEAIIHE COCTABBL, CMOCOOHBIE
CXBATHIBATECS NPH OKpykaromeil Temmneparype. Hanmbonee pacnpocTpaHEHHBIE KIEAIIHE

COCTAaBHI IIPUBENCHEL B Ta0uue 11.
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Ta6nuna 11 — Knesmue cocTaBbl OT MUPOBBIX (pUpM-NIpoH3BoAUTENEH

INocrasmuk u Toprosas Mapka
CsoiicTBa
Exchem MBT SBD Sika Resiplast
Resifix 31 Mbrace Epoxy Plus Sikadur Epicol U
adhesive

TIpounocTs Ha pacTsikerue, H/mm® 24 30 19 30 50
TIpounocTs Ha U3rud, H/mm? 55 100 35
IIpounocTs Ha CABHT, H/mm® 22 18
Moays u3ruda, xkH/mm’ 6,5 35 9.8 12,8
Mogayae casura, kH/mMm™ 3,8
Temneparypa crexnosanus, Ty C) 60 56 60,8 60

B nHeGonbmoM 00beMe MPUMEHSIOTCA KIESALIUE COCTaBbl U Ha JPYIOH OCHOBE.
OnHako WM TPHCYI TWENBI Pl HENOCTAaTKOB, OrPaHMYMBAIONIMX OOJAaCTh HX
MPUMCHCHUA

- KJESNIWE COCTAaBbl HAa OCHOBE TOMMI(PUpa MMEIOT OOJNbIIME YyCaJOYHbIE
Je(hopMariy ¥ BEICOKHH KO3((HIUEHT TEMIIEPATYPHOro pacliupeHusa. OHH HOIBEPKEHBI
IIEJIOYHOM arpeccuu U OBICTPO 3aTBEPACBALOT;

- KJesiue COCTaBBI HA OCHOBC BHUHHWIIOBBIX HOJ]I/IB(I)I/I'pOB TaKKe UMEIOT OOJLIIHE
ycanouHbie e)OpMAINY ¥ B YCIOBUSX MOBHIIICHHON BIAXXHOCTH HE MOTYT OOECIICUHTH
KaueCTBEHHOTO CICIICHUS COETUHIEMBIX MOBEPXHOCTEN;

- MOJUYPETAHOBEIE KIIEAIINE COCTABBI 0ONIAAI0T TEMH K€ HEJOCTATKAMHM, UTO U
nommy(UpPHEIE, M € TPYAOM 0OCCIICUMBAOT HEOOXOOMMOE CLEIUICHHE MEXIy
TMOBCPXHOCTAMMU.

Brifop THIIa 3MOKCHIHOTO KIEAIMI cOcTaBa 3aBUCHUT OT OCOOCHHOCTEH €ro
TMPUMEHEHHS W OMPEHENSETCS LETbM PAAoM (PaKTOpOB — TeMIIEpaTypHO-BIXKHOCTHEIH
PeKUM OKpYXaromle cpembl M CKICHBAEMBIX HNOBEPXHOCTEH, a Takxke TpeOyemoit
CKOpOCTH TBepAeHUA. Kuesilue cocTaBbl NOKHEL BbAEPKMBATh TeMnepatypy mo 50 °C B
Mpolecce 3KCIUTyaTallil M MMETh Temieparypy creknopanus oT 50 °C mo 65 °C. B
HEKOTOPBLIX ClIy4asX, HaopuMep, NpUd YCWICHHM BEPXHHX JJIEMEHTOB MOCTOBBIX

KOHCTPYKIMHM, HAXONAIIMXCA TI0J TMpPSIMBIM  BO3JEHCTBHEM  COJIHEYHEIX JIy4eH,
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TeMIIepaTypa CTCKIIOBAHUS KIIESMIETO COCTaBa JOJDKHA OBITh 3HAYNTENBHO BhIME. B 3THX
YCIIOBHSIX IPUMEHSIOTCS CIIENUANBHBIE Kiesmue coctaBel. OmHUM W3 TpeOoBaHMH K
KICAIAM  COCTaBaM, OCOOCHHO TIPUMEHSEMBIM JJIsl  YCHJICHHS  KOHCTPYKIWH,
PacTONOKEHHBIX B 3aMKHYTOM IIPOCTPAHCTBE (TOHHENW), IZIc BO3HHKHOBEHHE IIOXKapa
SBJISETCS 0c000 3HAYMMEIM (DAKTOPOM, 3AKITFOUACTCS B HEAOMYIICHUH 3HAUUTEIBHOTO
BBIJICJICHHS TOKCHYHEIX BEIICCTB IIPU UX BO3TOPAHUIL.

BonbIIMHCTBO MPUMEHSIEMEBIX KIICAIMX COCTABOB HCIOJIB3YETCS JUIS COCAVHEHHS
CYXUX TOBCpXHOCTEH. [l CKICHBAHWSA BIAKHBIX IIOBEPXHOCTEH, a Takke M
COCMMHCHUS KOHCTPYKIMH, HAXOJSAIIMXCS B BOJE, pa3pad0TaHbl CHICHHAIBHBIE KIIESIINe
COCTABHI, KaK IIPABUIIO, HA STTOKCHIHON OCHOBE.

IIpy UCTIONBE30BAHUH ISl BRIPABHHBAHHS TIOBEPXHOCTH OETOHA MEPEd YCUICHUEM
CIICIMANTBHOTO MPaiiMEPHOrO COCTaBa €ro (hH3UKO-MCXAHWYCCKUE CBOICTBA JIOIDKHEI
OBITh, C ONHOM CTOPOHEI, COBMCCTUMBI CO CBOWCTBAMH CTaporo OCTOHA, a, C APYroi
CTOPOHEI, CO CBOMCTBAMH NPHMEHSIEMOr0 KIEAIEro COCTaBa. TOJNBKO YYET 3TOro
00CTOSITENBCTBA MPH BHIOOPE CUCTEMBI YCHIICHHS TO3BOJUT 00ecnequTh 3(PPEKTUBHYIO
COBMECTHYIO pPaboTy YCHIHBAEMO#l CTPOMTENHbHON KOHCTPYKIMH C YCHJIHBAIOIIAM
KOMITO3UTHBEIM MaTepuanoMm. JIns mocTikeHHs TpeOyeMoro KadecTBa CLEIUICHUS
KOMIIO3UTHOTO Mareprajia € TOBEPXHOCTBIO OETOHA HEMAIOBAKHBIMA (pakTopaMu
SBJISIOTCS. TEMITEPATYPHO-BIIKHOCTHBIE YCJIOBHS B MECTE TIPOBEACHHS paboT M KaYeCTBO
TIOJTOTOBKM IIOBEPXHOCTH YCHIIMBAGMOW KOHCTPYKIMH. 3arps3HeHHas, a TeMm Oolee
HEpPOBHASI TIOBEPXHOCTH HE CMOXKET 00ECHEUUTh TPeOYEeMOro MO KAa4YeCTBY CIECTUICHHS C
KOMITO3UTHEIM MaTepHaioM. B mpolecce TBEPACHUS B KIESIIEM COCTABE MPOHUCXOAAT
XMMHMYECKHE ITPOLIECCH, PE3KO 3aMeuistomuecs npu remneparype medee 10 °C. IToatomy
B OOJNBIIMHCTBE CIYy9acB BO BPEMs MPOU3BOACTBA PadOT MO YCHIICHUIO OKpPY>Karomas
TeMIeparypa gospkHa Ob1Th BhIme 10 °C.

OnHaKo WMEETCs OMBIT IPUMEHEHHUsS KOMIIO3UTHBIX MATEpPUAIOB M B YCIOBHSX
6ornee HU3KIX TeMIepaTyp OKPY KAIOMIei CPeAbl, B TOM YHCIC B 3UMHeEe BpeMs. [t sToro
HCIIOJIB3YIOTCS PA3TMIHBIE CHCTEMbl IIOBBIMICHWS TEMIEPATYPHl B KJIEALIEM COCTABE
MEXAY YCUINBAEMBIM OCTOHHBIM 3JICMEHTOM M KOMIIO3UTHBIM MaTePHajIOM: HAr PEBAHUE C

TIOMOIIBKO 3JICKTPUYCCKOT'O TOKA, CHCTEMBI I/IHquaKpaCHOFO HarpCBaHusA, YTCIUIAIOIINC
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NOKpeITHs. [IpuMep Takol CUCTEMBI MPHU MCMOJIB30BAaHWM KOMIIO3MUTHOIO MarepHana Ha
OCHOBE YIJICPOJHBIX BOJIOKOH MPHUBEICH Ha PUCYHKE 4. OTa CHCTEMAa OCHOBBIBACTCS HA
XOpOWIEH  3JIEKTPONPOBOAMMOCTH  YIJIEPOAHBIX  BOJIOKOH. Ilpu  mpomyckaHum
AJIEKTPUYECKOTO TOKA Yepe3 MOJIOCY JlaMHHAaTa BO BPEMsI NPHUKJICHMBAHUS TOCIIECHHSS
HarpeBaeTcsl JI0 HY)KHOW TeMmmeparypel. CrenuanbHble TeMIEparypHble JarduKu
NO3BOJIAIOT KOHTPOIIMPOBATh HATPEBAHKE. BHICTPOE KOHTPOJIMPYEMOE HATPEBAHUE TTOJIOCH
namuHara (temneparypa 70 °C MoxkeT OBITH JOCTHTHYTA 3a 3 49) MO3BOJSET HE TOJIBKO

COKpAaTHTb BPEMsl BBHIMOMHEHHS pa0oT MO YCWICHHUIO, HO M YBEIMYUTH TEMIICPATYPY

CTCKIIOBAHUA KJICAIICTO COCTaBa.

TpeOoBaHus k 3HAUECHUAM TMMOKa3aTesieii MPUMEHUTEIBHO K METOJIaM BBITIOJTHEHHS

YCHJICHUS CJIEAYET Ha3HA4YaTh B COOTBETCTBUH C [61] mo Tabmmiie 12.

Tabmuna 12 — TpebGoBaHusa K 3HaYEHHSAM MOKAa3aTElCi CBOWMCTB M 3KCILTYaTalMOHHBIX

Ka4CCTB NMPUMCHUTCJIBHO K MCTOAY BEIIIOJIHCHHSA YCHIICHHUSA BHCITHAM apMHUPOBAHUCM

KOHCTPYKIUH

Tlokazarenn

| MeTo ucrbITaHus |

TpeGopauue *

1 duzuyecckue moxa3aTenan CBONCTB KICAIHUX COCTABOB

1.1 Bpemst OTKPBITOM BHIACPKKH ITo TOCT 28780 [77] 3asBnennoe 3HaueHue + 20%
1.2 YKu3HecnmocoOHOCTh ITo T'OCT 27271 [78] 3aasnaenHoe 3HaueHue + 20%
1.3 Moayap ynpyrocTs pH CKaTHd ITo T'OCT 9550 [79] > 2000 H/mm®
1.4 Mogyme ynpyroctu npu u3ruoe ITo TOCT 9550 [79] > 2000 H/mm®
1.5 IIpouHocTs IIpH CABUTE [To TOCT 14759 [80] u o> 12 Hmm®
B COOTBETCTBHH C [75]
o MpHIoXKeHuo B
(cM. cxeMy MCTIBITAaHHHA
1.1 no Tabaunue B.1)
1.6 Temneparypa cTekioBaHus ITo TOCT 30535 [81] >40°C
1.7 Koa¢ dumeHT TenioBoro pacuipeHus IMo T'OCT 15173 [82] <100-10° 1/°C
1.8 Ycaaxa ITo F'OCT 18616 [83] <0,1%

2 HpPIl"OJIHOCTb JJI HAHCCCHHS KIICAIMHUX COCTABOB

2.1 Ha BepTHKaJIbHBIC U TOTOIOYHBIC
MOBEPXHOCTH

B cootBercTBuH ¢ [75]
o TpHIoXKeHUIo b (cM.,
HUCIIBITAHUS Ha
CIIOJI3aHNE)

Marepuan He JODKEH Cron3arts 6onee
YcM Ha 1 MM MpH €70 HAHCCCHUHN
(pacmpeaeneHIH) TONIKUHOMN 3 MM U
MEHee

2.2 Ha ropHu30HTAIBHYIO IIOBEPXHOCTh

B cootsercTBuu ¢ [75]
no mnpunoxeHuo b
(cM. uCIBITAHKS HA
PAaCILIBIB IO BEPTH-
KaJIPHOM Harpy3koi)

ITmowmane pacruibiBa KIEAIIETO COCTABA
MO/ BEPTHKAJIbHOH Harpy3KoH B KOHLIE
HACIMBITAHHH JOJDKHA COCTABIISTh HE
menee 3000 Mm” (THAMETp PacILIBIBA
60 mm’)

2.3 Harueranuem.

ITpumeuanus

1) BeToH A1t KOHTPOIBHEIX 0OPA3LOB THIT
BM(0,40) B cooreeTcTBHH ¢ [75] 10 TpruiosKe-
Huo I,

B cootBercTBum ¢ [75]
10 ImpuIoXkeHuio B
(cM. cxemy
HCTIBITaHUEH 2.2 1Mo
tabmune B.1)

B ki1eeBoM coeiHHEHHH BHAA
6eTOH/OETOH HPH CKICHBAHUHU CYXHX
MOBEPXHOCTEH HATHETAHHEM KJICSILETO
COCTaBa B UCIIBITAHHUH Ha PaCTSKCHHE
MIPHU OTPBIBE AOKHBI MPHBOJAUTD K
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IMoxazarems

MeToa ucneiTaHus

TpeGosanue *

2) IMoarotoBKka KOHTPOJIBHBIX 00PA3LOB B COOT-
BETCTBUH C [75] mo mpunoxxenmnto J1.

3) AGpa3uBHai 06paboTka MOBEPXHOCTEH
CKJICMBAHHA 3arOTOBOK KOHTPOJIBHBIX 00Pa3LoB
B COOTBETCTBHH ¢ [75] no npunoxenmo E

OTPHIBAIOIICMY PA3pyLICHUIO B OCTOHE

3 IIpouyHOCTH KIIEALIEro COCAMHEHNUS (KOTE3Hs B
KJIECBOM LIBE) MPH HCHBITAHUIX B HOPMATBHBIX
KJIMMATHYECKHUX YCIOBHAX HIIH B HHBIX YCIIO-
BHAX, OTOBOPEHHBIX 0C000.

[Mpumeuanue — AbpasusHas 06paboTka mo-
BEPXHOCTEH CKJICUBAHMS 3arOTOBOK KOHTPOb-
HBEIX 00pa3LoB B COOTBETCTBHH C [75] 1o
npuioxeHuio E

B cootBercTBHH ¢ [75]
1o MPHIokKeHNo B
(cM. cxeMy HCIIBITAaHUH
1.1 mo TaGnuue B.1)

B cootBercTBuu ¢ [75]
o MPHIoKEHNo B
(cM. cxeMy HCIIBITAaHUH
2.1 mo Tabauue B.1)

ITo TOCT 14759 [80]
(cM. yermoBud
HCMBITAHUI
KOHTPOJIbHBIX
obpasuos o 'OCT
12423 [84],
JOTMYCKAITCA YCIOBHS
HCMBITAHUH B
COOTBETCTBHH ¢ [75] mo
npunoxxexuo B)

a) [Ipeaen npouHoCTH TPU KOCOM
CJABHTC¢ HAKJIOHHOTO KIICSINETO
COCIMHCHHS BHJA CTAIbL/CTANIb BCTHIK
O/ Pa3HBIMU yrjlamu O B UCOBITAHHUH
HA CJKATHE JOJKEH OBITh HC MCHBIIIC

3HAYCHHH © |

0, rpax o,  Himm’
50 50
60 60
70 70

6) Ilpeaen mpoYHOCTH NPH OTPHIBE
TOPH3OHTAJIBHOTO KJICAIICTO
COCAUHEHUS BHIA CTAJIL/CTAJIb
BHAKJIQAKY TPH UCTIBITAHHH HA
PaCTSDKEHHE MPH OTPBIBE JOJDKCH OBITH
He Menbie 14 H/mm®

B) [Ipenen nmpouHocTu nmpu npsaMom
C/IBUTE BEPTHKAIBHOTO KICALIETO
COEAMHEHHUS BUAA CTAIIL/CTAb
BHAXJICCTKY B UCTIBITAHHH Ha
pacTSKEHHE JOMKEH OBITh HE MEHBIIIC
12 H/mm®

4 J1oArOBEYHOCTE KIEALICTO COCAMHEHUA
(BO31CHCTBHE TEMIIEPATYPhI U BIAKHOCTH)
IIpumeuanus

1) AGpasuBHas 00paboTKa MOBEPXHOCTEH
CKJIEMBaHUSI 3aTOTOBOK KOHTPOJIbHBIX 00Pa3LoB
B COOTBETCTBHH ¢ [75] o npuioxenuto E.

2) Buapl v peaKMMEIL TEIIOBOTO BO3ACHCTBHA B
cooteeTcTBUH ¢ [75] mo mpuosxkeHuio JK

B cootseTcTBHH ¢ [75]
o MpUIoKCHUI0 B
(CM. cXeMy HCTIBITAHHH
1.3 o Tabmuue B.1)

a) Iocne Bo3aCHCTBHS UKIIOB
3HAKONEPEMEHHON TEMIICPATyPhl WK
IOCTIE JUTMTEILHOTO BO3ACHCTBHS
MNOBBIMMCHHBIX TCMIICPATYPBI U
BJIYKHOCTH Pa3pyIIAIOIIHNC HAMPSHKCHUS
B BCPTUKAIBHBIX KJIICCBBIX COCAUHCHUAX
BuAa 6¢TOH/OCTOH NPH MCIIBITAHUN HA
MPSAMOM CABHUT JOJKHBI OBITh HE MEHBIIE
npeAcia MPOYHOCTH OCTOHA HA OTPHIB
(xore3un B HOBCPXHOCTHOM CIIOC
OcTOHA), T. €. BO3ACHCTBHC
KJIMMAaTHYCCKHX YCIOBUI HE JOIDKHO
Hapymarh aJr¢3HOHHO-KOTC3HOHHBIC
MOKA3aTC/IH IKCILTYaTAMUOHHBIX KAYCCTB
KIICSIIETO IIBA
6) B mpouecce Bo3acHCTBUA HA KIICCBOC
COCAMHEHHE BH/A CTAJIB/CTAb LHKIIOB
3HAKOMEPEMEHHOH TEMIIEPATYPHI WIIH
JIUTENIPHOTO BO3ACHCTBUA
MOBBIIIEHHBIX TEMIIEPATYPHI H
BIQKHOCTH MPH PaCKIHHHUBAIOIICH
Harpy3Ke He JOJDKHO MPHBOIUTD K
paspyLICHHIO TPEUHHOOOPa30BaHHEM
KIISSIIIETO IBA WK JAJbHEHIIEMY

PA3BUTUIO TPCLIHHBI

* TpeGoBaHms K NPCACTbHBIM 3HAYCHHIM OTHOCATCSA K CPEJHEMY 3HAUEHHIO COOTBETCTBYFOLIETO MOKA3ATE

KQKJIOH NapTHUH KJICSIIETO COCTABA.
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WcnbiTaHus N onpedeneHUst MokasaTens MNPoYyHocTU 6eToHa npu  cABwUre
npeAycMaTpuBalOT OnpefefieHne npedena MPOYHOCTM  KOHTPONbHLIX 06pasyoB €
KNeeBbIMW COEIMHEHNAMMN BUOB CTanb/CTaNb Ha Cpe3biBatolliee paspyLieHne HaKMNOHHbIX

KneeBbIX coefuHeHni cornacHo FOCT 32943 no npunoxeHuto B (pucyHok 42).

PrcyHok 42 - Cxema UCMbITaHWI KNesLero coeanHeHns CTanb/CTaNb CPe3atoLum

paspyLueHnem (KOCOR cABWT MPM OCEBOM CXaTuu, obpasel-npmama 40x40x160 mm)
MpUrofHOCTb A4/ HAHECEHMSA KNEALMX COCTABOB Ha BEPTUKaIbHbIE N MOTONOYHbIE

MOBEPXHOCTWU OLEHMBaeTCH UCMblTaHMeM Ha cnonsaHve no FOCT 32943 cornacHo

npunoxeHuto b (pucyHok 42).
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MpumeyaHnd

1 CteHp B paboTe: kKaHan 1 - MOArOTOB/EH K YAaNneHUD W3/INWIKOB KJ/eALLero
cocTaBa: KaHan 2 — MUCMoNb30BaHWe LwWnNatens WM NUHENKWU AN YAaneHUs WU3NNLWKOB

Kneduiero coctaBa B KaHalne; KaHaﬂlbI 3 n 4 - BblpaBHMBaHNe KnedAwero coctaBa

3aKOHYeHO; KaHan 5 - oCcTaeTcHa He3ano/IHEHHbIM.

2 CTpenkoii ykasaHo HanpaB/ieH/e NOBOPOTa CTeHAA ANA NPOBeAeHUA UCMbITaHUU

PucyHok 42 - CTeH[ UCTbITaTe/IbHbI CTanbHOW (@) n obwnini Bug cteHga B paborte (6).
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MpUrogHoOCTb HaHECeHUs KNeAwWwMX COCTaBOB Ha FOPU3OHTaNbHYH MOBEPXHOCTb
OLleHMBaeTCA UCMbITaHNEM Ha pacnblB Nojg BepTUKanbHOM Harpyskoi no MFOCT 32943
COrNacHO NpunoXeHnto b (pucyHok 42).

MpUrogHOCTb HaHeCeHWS KNeAwWwMX COCTaBOB HarHetaHWeM OnpejAensieTcs
MeTO4OM OTpbiBaloLLero paspyweHus no FOCT 32943 cornacHoO npunoXeHuw B

(pucyHok 43).

PucyHok 43 - Cxema UCnbITaHUS METOA0M OTPbIBAOLLEr0 paspyLUeHns KnesLwero
coefuHeHUsa 6eTOH/6eTOH (pacTsxeHue Npu oTpbiBe, 06pasel, - kepH 0 50 MM, obpaseL-
nnmTta 1000x500%x40 mMm)

MpOYHOCTL KnesLero coefnHeHns (Koresms B K/eeBoM LUBE) NP UCMbITAaHWUAX B
HOPManbHbIX KAMMATUYECKMX YCNOBUAX WM B WHbIX YC/IOBUAX, OrOBOPEHHbIX 0C060,
onpefenseTca Kak mnpefes MPOYHOCTM MNPM KOCOM CABWUIe HaK/MOHHOIO K/edLlero
coefiMHeHNa Buga ctans/ctanb no FOCT 32943 [75] cornacHo NpuioXxeHuto B (pucyHoK

44).
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PucyHok 44 - Cxema UCMbITaHN A METOAOM CPe3atoLLEro paspyLLEHUS KIESLLEro
CoefiMHeHNs cTanb/cTanb (KOCOM CABWI NPU OCEBOM CXaTuu, obpasew, - npusma
40x40x160 Mm).

MpOYHOCTb KNeALWero coeanHeHns (KOFeSI/IFI B KneeBoM LIJBe) npn NCnbiTaHNUAX B
HOPMasibHbIX KAUMaTUYeECKUX YCNOBUAX WUNN B WHbIX YC/NOBUAX, OFOBOPEHHbLIX ocobo,
onpegendeTcd Kak npegen nNpovyHOCTWM nMNpu  OTpbiBE TOPU30OHTA/IbHOIO  KneAawero

coefiuHeHns Buga ctans/ctans no FOCT 32943 cornacHo NpunoXeHuto B (pucyHok 45).

PucyHok 45 - Cxema UCMbITaHU METOAO0M OTPbIBAIOLLEr0 paspyLLeHns KesLiero
COeAMHEHNA CTaNb/CTaslb (PacTsHKeHWe Npy oTpbiBe, obpasel-wtamn 0 50 mm, ob6pasel, -

namta 300x300x25 MMm)
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[ONroBeYHOCTb  KEALLEro COeAMHEHUS METOLOM CPe3atoLiero paspyLueHus

onpegensetca no FOCT 32943 cornacHo NpUAoXeHUto B (pucyHok 46).

KneeBoi I~ Kneesoi
LLIOB + ' LoB

y 1 YINYYNy ssss/i]
100 100 100

302

PUCYHOK 46 - Cxema UCMbITaHUi METOOM CPEe3atoLLero paspyLUeHns KesLero

coeAvHeHns 6eToH/6eToH (NpsAMoii casur, obpasel, - npusma 100x100x302 Mm)

[JonroseyHoctb Keawero coeanHeHns MeTOA0M paspyLieHus
TpewmHoo6pasoBaHem onpegdensetcs no FOCT 32943 cornacHo npwunoxexuuto B

(pucyHok 47).

PucyHok 47 - Cxema UCMbITaHUA METOAOM paspyLLEHUS TPELLMHOOOpa3oBaHMEM
KNEALEro CoeAMHEHNS CTa/lb/CTanb (paccnoeHne Npy PackIMHKBAKLLENR HarpysKe,

ob6pasel, - nnactuHa 150x25x6,65)
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7.3 AHKepyoIHe COCTABHI MNPH AJAre3MOHHO-CWIOBOM  KpelieHun#n

KOMIIO3UTHBIX MATCPHAJIOB

B npouecce ycuneHus >xene3006TOHHBIX KOHCTPYKIIMH KECTKAMH IIOJIOCAMHU -
JaMHHATaMH BO3HHMKAET HEOOXOMUMOCTb AHKEPOBKM KOHIIEBHIX YYAaCTKOB JIAMHHATOB.
AHKEPOBKa OCYLIECTBIIACTCA IyT€M MOHTaXa MPIKMMHBIX ITACTHH C YCTAHOBKOH
apMarypel B 3apaHee NPoOypeHHble 0TBepeTus. [10cae10BaTeNbHOCT BEIIOMHEHNS padoT
MO AaHKepPOBKE JIAMMHATOB: MOATOTOBKA OTBEpCTHs OypeHMEM, BBIAIONMBAHMEM WM
THIPOCTpPYiiHON 00paboTKOM, yCTaHOBKA apMaTypPHOrO CTEPXKHS C 3aMOHOJMYMBAHHEM
CTENMaNbHBIM COCTABOM HAa MUHEpaIbHOM MM moJmMMepHoOii ocHorax. Iocne ycrpoiicTa
BBIIYCKOB apMAaTYypPHBIX CTEPKHEH OCYHIECTBIAECTCS YCTAHOBKA AHKCPHBIX IIACTUH IIPH
noMomy raek u mai6. JloGaBneHHEe apMaTypel, 3aKpemiseMoil B 3apaHee
chopMHpOBaHHEIX  KaHalax, TpeOyeT TIIATENBbHOW MNOATOTOBKA OTBEPCTUS U
MaKCHMAIBHO! CTENEHHN €ro 3alojHEeHNs PacTBOPOM Ha MHUHEPANBHON WITH IOIUMEPHOH
OcHOBaX. J[aHHBI METOJ PEMOHTA TAKXKE MOYKET MIPHMEHATLCS COBMECTHO C JOOABICHHEM
MUY 3aMEHOH 3aMOHOJIMYEHHBIX WIN HAPY’KHBIX apMaTypPHBIX CTEPXKHEH U ¢ 100aBIECHUEM
6eToHa WITH pacTBopa.

Ha ankepyroume coCTaBbl Ha LEMEHTHOM, MOAM(DUIMPOBAHHEIM IOJAMEPOM
HOEMCHTHO-TTOJTMMEPHOM M TIOJTMMCPHOM  BSDKYIIMM, AaHKCPYIOINNEC MNOIUMCPLEMCHTHBIC
COCTABBI, @ TAKKE HA AATC3MOHHO-CUIIOBBIE aHKEPHEBIEC KPEIUICHNsS CTAIbHOM apMaTrypsl B
OeToH pacmpocTpaHstoTcs TpeboBanus B cooTBeTcTBMU ¢ 'OCT Marepuarbl 4 CHCTEMBL
JUISL 3AIUTHL ¥ PEMOHTA OSTOHHBIX KOHCTPYKumiA. TpeGoBaHUs K aHKEPYIOIUM COCTaBaM

M aIT€3NOHHO-CAJIOBBIM KPETUICHUWSM JICMCHTOB YCHUJICHHUA COITIAaCHO Tabmne 13.
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Tabnuua 13 — TpeGoBaHus K 3HAUEHUSAM TOKA3ATENEH CBOMCTB aHKEPYIOLIUX COCTaBOB

Ha HEMCHTHOM, MOZ[I/I(I)I/IHI/IpOBaHHOM MOJIMMEPOM HEMECHTHO-IIOJIMMCPHOM U TTOJIMMCPHOM

BsDKYIINX MNOJIMMEPLHCMCHTHBIX COCTABOB H MOKa3aTejcu OKCIUIYAaTAlMOHHBIX Ka4YCCTB

aJIr€3MOHHO-CHJIOBBIX (KOHCTPYKIIMOHHBIX) KPEIUJICHUH CTEP)KHEH CTaJIbHOM apMarypsl B

OeToHEe

Iloxazarem

CxeMa HCTIBITAHUS

Tpebosanue

1 OuecHka NPOYHOCTH AAre3HOHHO-
CHIIOBOTO (KOHCTPYKIIHOHHOTO)
KPEIUICHHS TIPH KPATKOBPEMEHHOM
JCUCTBHUH BBIICPTHBAOLICH HATPY3KH
Paa), 6)

I[Mpumeuanne — beroH ans 3aroToBku
OCHOBaHHH KOHTPOJIBHBIX 00pa3LoB
tana b (0,40) B cooTBeTCTBHY €
npunoxenueM K.

B cootsercTBuH ¢ puc. 43 o
I'OCT Martepuaiel H CHCTEMEI
JULSL 3aI0UTE H PEMOHTA
GETOHHBIX KOHCTPYKLIHIA.
TpeGopaHHs K aHKEPYIOIIHM
CoCTaBaM H
aAre3UOHHO-CHIIOBEIM
KPEIUICHHUSM 3JIEMEHTOB
yCHICHUS

npunoxenue JK

Jlunelinoe nepeMeIeHue apMa-
TYPHOTO CTEPXKHS OTHOCHTCIIBHO
ocHoBanus <0,6MM npu
KPaTKOBPECMEHHOM JACHCTBHU
BBIACPTUBAIOLICH HArPy3KH

P,=75xH

2 O1eHKa MOA3YUSCTH aATC3UOHHO-
CHJIOBOTO (KOHCTPYKI[HOHHOTO)
KPEIUICHUS TPU JTUTEIBHOM ACHCTBUH
BBIACPTHBAIOIIEH HArpy3KkHu P,”

IMpumeuanue — beToH A 3ar0TOBKH
OCHOBAHHI KOHTPOJIBHBIX 00pa3LoB
tuna b (0,40) B cooTBeTCTBHY C
npunoxernemM U

B cooteercTeuu ¢ puc. 49 mo
I'OCT Marepuaisl # CHCTEMBI
IS 3aI0UTHL X PEMOHTA
OETOHHBIX KOHCTPYKLIHH.
TpeGoBaHus K aHKSPYIOIIUM
cocraBaMm U
AArC3UNOHHO-CHJIOBBIM
KPETUICHHISM 37I€MCHTOB
VCHICHHS

mpunoxernne K

JluneiiHoe nepeMerieHue apMa-
TYPHOTO CTEPXKHI OTHOCHTCIIBHO
ocHoBaHua < 0,6MM mpH AcHCT-
BHH BBIAECprUBaroIeii Harpy3ku P,
= 50kxH B TeueHue 3 mMecALEeB

3 Conepxanue X.TIOp-I/IOHOBa)

ITo meroauxe TOCT 5382 [85] u
no 'OCT Marepuasns! 1 CHCTEMBI
A1 3AIIUTHI ¥ PEMOHTAOCTOHHBIX
KOHCTpyKIwii. TpeGoBanwst K
AHKEPYIOIIHIM COCTaBaM H
are3HOHHO-CHIOBBIM
KPEILICHHUSAM 3JIEMEHTOBY CHIICHHS
npuaoxkenue JI

<0,05%

4 Temmepatypa CTCKIOBAaHHUS ®

Tlo FOCT 32618.2 [86]

> 45 °C v Ha 20 °C Beiine
TEMIICPATyPhl OKPYKAIOLIECH
Cpeapl B IPOLIECCE
ucnonb30Banus. Onpeaeaomum
SABIAETCS OOJBLIEE 3HAYECHHE

* JI7as COCTABOB HA LIEMEHTHOM U MOAUGHIMPOBAHHOM MOJHMEPOM LIEMEHTHO-TIOJMMEPHOM BSDKY LIFX
6
) JInst COCTABOB HA MOMMMEPHOM BSIKYIIEM M IIOJTHMCPLIEMEHTHBIX COCTABOB
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Pucynok 48 — Cxema HUcIbITaHUI KOHTPOJIBHBIX 00PA3L0B HA KPATKOBPEMEHHOE AciicTBrE
BBIPBIBAIOLLEH HArPY3KH MTPH OLEHKE MPOYHOCTH aATe3MOHHO-CHIIOBOIO KpETUICHUs, Tae /
— JaT4UK HArpy3Ky, 2 — HArpy>Karolui NUIMHAP; 3 — 0IIopa; 4 — JaT4UK JIUHEHHBIX
NepeMENeHtit; 5 — coeAMHUTENbHAs My(Ta; 6 — IUINTAa-OCHOBAHUE KOHTPONBEHOTO

obpasua; 7 — pacnpelenuTe/ibHas IInTa; 8 — 3aMOHOJMUCHHBIA apMaTyPHbIN CTEPIKEHb
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Pucynox 49 — Cxema HCHBITaHHT KOHTPOBHEIX 00Pa3IoB Ha UTHTEIBHOE
JICHCTBHE BHIPBIBAOIICH HArPY3KHU MIPU OLICHKE MOJI3YYECTH ar€3HOHHO-CHIIOBOIO
Kpemyienus: / — CTONOPHOE MPYKUHHOE KONBLIO; 2 — maiida chepudeckoii onopsl;, 3 —
JIaTYUK U3MEPEHUS HATPY3KK, 4 — MPY>KUHA;, 5 — pe3bOoBas IMuUbKa HarpyxeHus M16; 6
— IJIOLIAAKA U3MEPEHHUS TIOM3YYECTH;, 7 — aHKEPYIOIIHIA COCTaB; 8 — IJINTa OCHOBAHUE
KOHTPOJIbHOTO 00pa3iia; 9 — mecturpaHHas raiika; /0 — maiiba; / / — Harpykarouui

mIMHAD; [2 — ueHTpyroumas Mmydra; /3 — mecTurpaHHas raika; /4 — onopHsie CTOHKH
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MNPUWIOKEHUE A
OcHoBHBIC OYKBEHHBIE 0003HAYEHHST

BHelHNe Harpy3kd W BO3AEHCTBHA M YCHJIMS OT HHX B MONEPEYHOM CEUCHUH
3JIEMEHTA:

M — n3rudarommuit MOMEHT;

M, — m3rubaromrif MOMEHT IEPe]l YCUIEHIEM KOHCTPYKLIUHY,

M; — Hecymmast ciocOOHOCTh U3rH0aEMOT0 >KeNe3006TOHHOTO JIEMEHTA,

N — IpOAOIBHAS CHJIA;

N, — TIPOJIOJTEHAS CHJIA, NEHCTBYIOMIAs B 000iiMe 3 KOMIIO3UTHOTO

marepuana (KM);

Ngn — pacTsarusaronice ycuiue, JEMCTBYIOIEE B AaHKEPOBKE,

N g max — MAKCHMAJIBHOE PACTATUBAIOLIEE YCUIIHE B aHKEPOBKE;

P — BHelIHsA Harpy3Ka OT COCPENOTOYEHHOMN CUIIBL;

Q — otiepeyHas cuia;

Oy, — TIOTIEPEYHOE YCUJIHE, BOCTIPUHUMAEMOE OETOHOM;

Q. — nonepevHoe yCWIine, BOCIPUHIMAEMOE KOMIIO3UTHBIM MaTCPHAIIOM,

Qs inc — TONIEPEUHOE YCUIINE, BOCIIPUHUMAEMOE OTrUOaMu;

Oy, — MONEPEYHOE YCUIIHE, BOCHIPHHUMAEMOE XOMYTaMH;

¢ — PaBHOMEPHO pacIpe/eIeHHAs BHEIIHSAS Harpy3Ka.

ITpouHOCTHEIE XapaKTEPHCTUKN MaTepUANOB:

R — xyOWKoBas IPOYHOCTH OETOHA Ha CIKATHE;

Ry, Ry 5er — PaCIETHEIE CONPOTUBIIEHUS OETOHA OCEBOMY CXKATHIO JUTS HPEACTBHBIX
COCTOSTHMI COOTBETCTBEHHO NEPBOM U BTOPOH Ipymm;

Ryt Rpyser — PACYETHBIE CONPOTUBIICHUS OETOHA OCEBOMY PACTSKEHUIO IS
TIPENCITBHEIX COCTOSHUM COOTBETCTBEHHO TIEPBOI M BTOPO# TPYIIT,

Ry~ pacyeTHOE CONPOTHUBIIEHHE OETOHA CXKATUIO PH MU3rUoE;

Ryo — pacHeTHOE COTIPOTHBIICHHIE CKATHIO OETOHA, YCHIIEHHOTO 0060#iMoit 13 KM,

Ry, ¢ — pacyeTHOE COMPOTUBIICHHE OETOHA CIBUTY;

Ryy — IIpEAENBHOE COIPOTUBIICHHUE CXATHIO OETOHA, YCHIIEHHOTO 000HMOi U3
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KM;

R, — pacueTHas NPOYHOCTH HA PACTUKEHHE KOMITIOSUTHOTO MAaTepHANA,

R, — IPOYHOCTH Ha PAaCTHKEHNE KOMIIO3MTHOIO MaTepHaa N0 JaHHBIM
(UPM-TIPOU3BOJUTENEI;

Ry— IPOYHOCTH Ha pacTsnkeHne (GUOPEI (BOJIOKOH ) KOMIIO3UTHOTO MaTePHaa;

Ry, — IPOYHOCTDH HA PACTHKECHUE OTBEPKAAIOIIEH MOJMMEPHON MaTPHLIEL,

R, — pacdeTHas MPOYHOCTH HA PacTshkeHUe 0O0MMBI U3 KOMIIO3UTHOTO
Marepuana,

R, Ry 5. — PACUETHBIE COMPOTUBJICHHUS CTABHON apMaTypbl PaCTSXKEHUIO ISt

MPEAEIBbHBIX COCTOSIHUAI COOTBETCTBEHHO NEPBOIl M BTOPOH Ipym,
R — pacyeTHOE CONPOTHBJIEHAE CTANBHON apMaTyphl CXKATUIO UL MPEAETBHBIX

COCTOSIHMIA [IEPBOH I'PYIIIBL,

JethopMarioHHbIE XapaKTEPUCTUKH:

E}, — HAaYaTBHBI A MOAYIb YOPYrOCTH OETOHA NPH COKATHH U PACTSHKECHHH,

[, — pacueTHBIN MOLYIB YIIPYTOCTH KOMITO3HTHOTO MaTepHana,

E., — MOaynb yIPYroCcTH KOMIIO3UTHOTO MAaTEPHAIIA IO JAHHBIM
(upM-TIpon3BOAUTENEH;

E;—wmonyns ynpyroctu GpuOpE! (BOJOKOH) KOMIIO3UTHOTO MATEPHANA;

£, — MoyNb yIPYrocTu OTBEP)KIAOLICH TOJIUMEPHONH MATPULLEL,

E, — MOAyJb YNPYrocT 000HMBI 13 KOMIO3UTHBIX MAaTEPHAIIOB;

E, — Moy neopmanuu 6eToHa ocne yCWIEHHA ero 06oiMoii u3 KM
Tiepest pa3pyIIcHAEM;

E;— Moaynb ynpyroctu craabHOH apMaryphl,

Esec — cexymmii Mostyib gepopManuu O€ToHa,

FEsec. » — IIPENENbHBIN CEKyLIMi MOAYIIb AedopMauu G6eToHa;

E; —Mopayns nedopMarui He yCHIEHHOro OETOHa,

G, — MOIYJIb CIBHTA KIICSIHI COCTaBa,

G, — IoTeHIMANIbHAS SHEPIUsl pa3pylieHys OeToHa Ha rpanune ¢ KM,

& — neopmarmst KpaiiHe c)kKaToro BOJIOKHA OETOHa,

&, — oceBas aedopmaims 6eTOHA, YCHIIEHHOTO 060iiMoii 13 KM
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Epau — TIPETENBGHAS OCEBAS AedopMalrs OeToHa, yCHIIeHHOTo 060iitMoii 13 KM

Eheo — MAKCAMAITBHAS IehOpMaLIHs KpaifHe CKaToro BOJIOKHA O€TOHA Mepen
YCHJICHHEM;

&0 — AeopMarys coxkarus OETOHA MPHU €10 MAaKCUMAIBHOMH MPOYHOCTH HA CKATHE

Ry, mocnie yeunenus o6oimoit uz KM;

&y — TAHTEHIMANBHAS Je(opMaris OETOHA B MPEAEILHOM COCTOSHUM;

&, — nedopmanus KpaiHe pacTIHYTOro BOJIOKHA O€TOHA,

& — CPEIHSS AchOpMaliis KpalfHe pacTSHYTOro BOJOKHA OETOHA,

&0 — MAKCUMaNIbHAS AeopMaLis KpaifHe pacTsHYTOro BONOKHA OeToHA mepen
YCHJICHUEM,

&, — TIpefienbHas aedopMariis cxaTus OeToHa,

g},,, — mpenenbHas AedopMarys cxatis 6eToHa mocie ycunenus 06oiimMoit u3z KM;

&— nedopManns pacTsHKEHUS KOMITO3UTHOTO MaTepHana;

&4 — PACUETHAS MPOEKTHA AehopMaLys PacTsKEHUS KOMIIO3UTHOTO
Marepuana;

& — (QaxTHieckas nedopMalis KOMIO3UTHOTO MaTepHana NpH €ro

Pa3pyLIEHUH OT ACHCTBHS MOMEPEUHBIX CHIT,

&, — NpeaenbHas AedopMaliis pacTsHKEHUS KOMIIO3UTHOTO MaTepuaa mo
JAHHBIM (pUpM-IIpOM3BOAUTENEH;

&p — IPENETBHO JOMyCcTHMAs AeopMariys KOMIIO3UTHOTO MAaTepHasa OT
JEeHCTBHS TOTIEPEYHBIX CUIT,

£, — TaHTeHIMaNbHas Aedopmanus oboiiMer u3 KM;

&,, — IpENIENIbHAs TAHTEHIMANIbHAs AeopMmalius 06oiiMbl 13 KM,

& — paguanbHele aeopMaLuim;

& — nedopmanst pacTsSPKEHUS CTATHHON apMaTyphl;

£, — neopMaIKs CKATHS CTATBHOM apMaTypbI;

v— ko3¢ purment Ilyaccona ans 6eToHa.

Hampspkenns, ASHCTBYIOIINE B CCYCHHUH JIEMCHTA

Op — HanpsbKEHHsI B OETOHE,
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0. — PACYETHBIE pacTsruBarolue HanpsbkeHus B KM,
O — PACUETHOE 3HAYCHHE PACTATUBAOINMX HanpsokeHuid B KM Ha koHLe
AHKEPOBKU,

Oea, max — MAKCUMAIIBHOE PACUETHOE 3HAUCHUE PACTATUBAIOIIMX HanpspkeHui B KM
Ha KOHIIE AHKEPOBKH,

O — PACTATUBAIOINE HANIPsDKEHUS B KM,

Ok, max — MAKCHMAJIBHBIE PACTATHBAIOIIME HanpsbkeHHst B KM, momyckaromue
AHKEPOBKY,

Ome; Omy — COOTBETCTBCHHO, IIABHBIC COKUMAKOIIUE U PACTATUBANOIITNUC HATPSKCHU S
B OeTOHE;

0, — HaIpsbKEHUS B 000iiMe U3 KOMIIO3UTHOTO MaTepraa,

Oy — IPCACTIBHBIC HATIPSOKCHUSA B OGOfIMG 13 KOMITIO3UTHOTO MaTcpraa,

0, — paJMabHBIE HAIPSDKEHUS B KOHCTPYKLMH, BhI3biBacMbie 000iimMoii u3 KM,

0,, — MaKCUMaJIbHBIE pafHaibHbIe HANPsKEHNS, BRI3bIBaeMbie 000iiMoit u3 KM,

O — HaIPSDKEHWA B CTAJIBHOM apMarype,

Oy — HATIPSDKEHUS B CTAJIBHOM 000#ME;

mMaxAG, — paC4€THOE 3HAUYCHUE MAKCMMAJILHO BO3MOXKHOTO YBEIIUUCHHUS

pacTsarnBaromux HanpsbkeHnit B KM Ha ydacTke Mexxay aByMst
COCEITHMMY TPEINHAMU,

T - KacaTeNbHBIC HAPSOKCHNUS, BHI3BIBACMEIC ACHCTBHEM IOMIEPEYHBIX CHIT,

Tp — KaCaTCJIIbHBIC HAITPSHKCHUS B 6GTOHC;

7. — MaKCUMAJIBHOC HAMPSPKCHUAC CABUTA Ha KOHIIEC MOJIOCHI KM;

T.; — MAKCUMAJILHO AOMYCTHUMOE KacaTelIbHOE HAMPS)KEHUE HA MMOBEPXHOCTH

cuermieHus ocrona 1 KM,

I'eomMeTpryecKkre XapaKTEPUCTHKA

b — mMpHHA NPAMOYTOJIBHOIO CEUCHMUS; LIMPHHA pedpa TaBpOBOro 1
JIBYTaBPOBOIO CEUCHHM; IMUPHUHA OAHON U3 CTOPOH NPAMOYTOJIbHOM KOJIOHHEL,
b, — mIMPHHA NOJIOCEI KOMIIO3UTHOIO MATEPHATIA,

d — IMpHUHA CTOPOHEI IPAMOYTOIBHOM KOJIOHHBI, HOMHHAIBHEIA THaMETP
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CTEPIKHEN apMaTypHOH CTaiw,

d, — IMaMeTp 000MMBI U3 KOMIIO3UTHOTO MaTepruaa,

/ — BBICOTA NIPAMOYTONBHOTO, TABPOBOTO M IBYTABPOBOI'O CEYECHUH;

h., — pabouas BEICOTa TABPOBOTO ceUeHHs NpH ero ycuwieHnH KM mo 60koBbIM
MIOBEPXHOCTSIM pedep;

h’;— BBICOTA MOJIKA TABPOBOTO CEYEHUS B CKATOM 30HE,

a,a - paccTosHus OT paBHOACHCTBRYOMIEH yCUnuii B IPOJONBHON PacTIHYTOH U
CKaTOii cTanmbHON apMaType 0 OmmkaiiIneii rpaHu CeHeHus,

Qcre — NIAPHHA PACKPBITHS TPELLMH;

a;, — PacCTOSHHUE OT OMOPBI 0 BEpXHEH rpaHMIBI KpakHeH K OIope HAKJIOHHOM
TPELIMHBL,

Iy — PACCTOSHHE MEKAY TPEIIMHAMH B PACTSHYTOM 30HE OETOHA,

h,= h — a— pabouas BbICOTA CCUCHMUS,

7 — PaanyC KOJOHHBIL,

S — PaccTOsIHUE MEXKAY OCAMH nojockl ycuieHus KM,

s — paccrosHue Mexay nojaocamu ycunenus KM,

Sce — 9P (PEeKTUBHAS IMMPHUHA KOMIIO3UTHOTO MaTepUana;

Scp — HEPEMEILEHHE TOBEPXHOCTEN KOMIIO3UTHOrO Marepuaia H 6eToHa
OTHOCHUTENIEHO IPYT IpyTa,

{ — TEOpETHIECKAS TOMIKHA OJHOTO CIIOS XOJCTOBOTO KOMIIO3UTHOTO

MaTepuana,

t, — TOJIIMHA KJISALNI COCTaBa,

{. — TOJIIMHA IIOJIOCHI KOMIIO3UTHOIO MAaTepHaa;

t, — TOJIIMHA 00O0HMEI M3 KOMITO3UTHOTO MAaTEPUAana,

U, — IEPUMETP IOIOCE KOMIIO3UTHOTO MaTepuaa,

Uy — IIEPUMETP CTAIBHOH apMaTypEL,

X — BBICOTa CKaTOH 30HBI O€TOHA MOCIIE YCHIIEHHs KOHCTPyKumu KM,

X, — TIOJIO>KEHUE HERTPATLHOM OCH TPH CTATHYECCKOM PacyeTe 0 BTOPOi rpymme

TPEIENBHBIX COCTOSHUM C YUETOM YCUIIEHHSI KOHCTPYKIKM KM;

X, — BBICOTA CXKaTOM 30HBI OETOHA MEPE YCUICHHEM KOHCTpYKImH KM;
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&= x/h, — OTHOCHUTEJIbHAS BHICOTA C3KATOM 30HBI OETOHA,

A=4,— (4, + 4 ;) — IUJIOWIA/Ib BCEro OETOHA B MOMEPEYHOM CEUECHUH JIEMEHTA,

Ap — MIOWAAb CEYEHHS CKATOM 30HBI OETOHA,

Ap — TUIOIIAAB CEYECHUSI PACTHYTOM 30HBI OECTOHA;

Ap, — IOJIHAA TIOLIA/Ab cC€YeHUsl OETOHA, HE OXBAYEHHOTO YCUJICHUEM 000HMOIA;

A, — Iomaap CEYCHUs KOMIIO3UTHOTO MaTepuara;

A e — nmmomaas 3PPEKTUBHO YCHICHHOTO OCTOHHOTO Aapa MPH YCHJIEHUU KOJIOHH;

Ag = bxh —nonnas nomage Ce4EHUs NPAMOYTOJIBHOTO JJIEMEHTA;

Ayeq — IIIOWAB PUBEACHHOTO CEYECHUS JJIEMEHTA,

A,, A’y — INOmAM ceUCHHs HEHATPATAEMOM APMATYPhI COOTBETCTBEHHO

PacCTSHYTON M CKATOM,

D — nuaMeTp KOJIOHHBI,

L. — paccTostHUE OT OMOPHI 0 MoJIockl KM,

P, — mar cnvpany U3 KOMIIO3UTHOTO MaTepHaa;

R, — KpUBH3HA CIIUPAIN U3 KOMIIO3UTHOI'O Marepuaa,

S'hor Sho — CTATHUECKHE MOMEHTHI MIOMIA/IEH CEUEHHS COOTBETCTBEHHO CHKATOM M

pacTAHyTOM 30H OETOHA OTHOCUTENILHO HYJIEBOM JIMHUM,

S, — cTaTU4ECKUii MOMEHT IIomaau ceuyeHus KM OTHOCHTENBHO HYJIEBOH JIMHUY,

Syeq — CTaTUIECKUIT MOMEHT MIPUBEICHHOTO CEYEHMS SJIEMEHTA OTHOCUTENBHO €T0
LEHTPA TSHKECTU,

S0 Sso — CTATHYCCKUE MOMEHTHI INIOIAACH CCYCHMS COOTBETCTBEHHO CXKATOH U

PaCTSIHYTOW CTAJIBHOM apMaTrypbl OTHOCUTEIBHO HYJIEBOM JIMHUY,

Iy, — MOMEHT MHEPILMH TUIOIAN CEYECHHUS CXKATOM 30HbI OETOHA OTHOCUTENBHO
HYJIEBOU JINHUH,

1. — MOMeHRT nHepuuHd wiomany ceyeHuss KM OTHOCHUTENIBHO HYJIEBOW JIMHUH,

1,.q — MOMEHT UHEPLIMH MPUBEACHHOIO CEYCHUS DJIIEMEHTA OTHOCUTEIBHO €T0
LIEHTPA TSHKECTH,

I 50, I,, — MOMEHTbI HHEPIIH TUIOMA/IEH CedeHHts COOTBETCTBEHHO CHKATOM 1

PaCTAHYTOIi CTAIbHOM apMaTypbl OTHOCHUTEIIBHO HYJIEBOW JIMHUU,

VVpl — MOMCHT COIIPOTHUBJICHUSA NPUBCACHHOIO CCYCHMS JICMCHTA AJIA KpaﬁHe
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PACTSHYTOTO BOJIOKHA C YYETOM HEYNpYyrux AedopMauuii pacTsaHyToro
OcToHa;
W ,ed — MOMEHT COTIPOTHBJICHHS ITPUBEICHHOTO CEUCHIS HIIEMEHTA JUlsl KpaiHe
PACTAHYTOrO BOJIOKHA, ONPEIEIAEMEIit Kak JUIs YIIPyroro MaTephana,
M, — MOMEHT, BOCTPHHHMAEMBIi CEUeHHEM, HOPMAITBHBIM K IIPOJIOJIbHOI OCH

3JIEMEHTA TIPH 00pa30BaHNK TPELIMH.

Koa(hpuireHTs! 1 COOTHOILECHUS
a = E/E, — OTHOIICHUE MOIYJIEH YIPYTrOCTH CTaNbHOM apMaTyphl U GeTOHA;
= E/E, — oTHOIIeHNE Momyne ynpyroctu KM u OeToHa,
Yoo — KOO(PDULMEHT HAIS)KHOCTH 110 OETOHY IIPH €T0 paboTe HA CHKATHUE,
% — K03 (DUITHMEHT HASKHOCTH 110 OETOHY MPH €70 paboTe Ha PaCTLKEHUE,
7% — KO3(QPULMEHT HAAESKHOCTU MO0 KOMITO3UTHOMY MAaTEPUALy;
Yoo — KO3 PULMEHT HANEKHOCTH 110 MaTepUay JUIs MOAYIIs yrpyrocta KM;
Yo — KOO(QULMEHT HANEHKHOCTH 1O coco0y HaHneceHHs KM,
4 - KO3 (UIIMEHT apMUPOBaHHs KOHCTPYKIUM CTAIBHON apMaTypoi;
Myt = Ap/’Ag — OTHOIICHHE TIIOIAAN OETOHA, paOOTArOMICH HA PACTHKEHHE, KO
BCEH TUIOIIAN CEUECHUS,
M — KOYODHUIUEHT apMUPOBAHNS KOHCTPYKIIHA KOMITO3HTHEIM
MaTepraIoM,;
1, — KO3 PUIIEEHT apMUPOBAHHS KPYITIOH KOIOHHEL 000HMOH H3
KOMIIO3UTHOTO MaTepuaa;
Hop — KO IULEEHT apMUPOBAHKS KOJIOHHBI OTHOCUTENILHO CTOPOHEI b;
Hod — KOI(IULHEHT apMUPOBAHKS KOJIOHHBI OTHOCUTENILHO CTOPOHEL d;
Hs - KOOQHUIMEHT apMUPOBaHHUs OETOHA CTATBHOIN apMaTypO#;
Hsum — CYMMapHBIit K03 QHUIMEHT apMUPOBAHNS KOHCTPYKIMK B PACTSHYTOM
30HE CTATbHOM apMaTypoit 1 KOMIO3UTHBEIM MATEPUATIOM;
17 - KOOQPUIUEHT OTPAaHWYEHHS YPOBHS HANPSHKEHAH B KOMITO3HTHOM

Mmarepuan
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IIpunoxenne b Ilpumep pacuera ycujeHuss u3rnbGaemoii
7Kej1e300€TOHHOH KOHCTPYKIHMH HAa BOCHPHSITHE H3rH0AaIONIero MoMeHTa
JIAMHHATOM

Tpebyercsa OIIPEACIUTD IPOYHOCTH n3rudaeMoro JKeNne300eTOHHOTO
NIPSIMOYTOJIBHOTO ~ CEYCHHs 3JIEMEHTa, YCHICHHOTO KOMIIO3UTHBIM MATEpPHATIOM -
JaMHHATOM.,

Hudopmanus o pacyere:

Pacuer Brmonmnen B coorBercTtBum ¢ ma. 6.1.11 CIT 63.13330;6.1.12 CII
63.13330,6.2.8 CII 63.13330;6.2.12 CII 63.13330;6.1.15 CII 63.13330;5.2.5,6.2.4;6.2.6
CIT 164.1325800.2014.

JONOIHUTENBHBIC XaPaKTEPUCTUKH KOMIIO3UTHBIX MaTEPHANIOB:

- Yucrno coeB KOMIO3UTHBIX MartepuaioBn = 1 ;

- HIupuna xoMno3uTHOrO Marepmana by = 15 cm = 15/ 100 = 0,15 m;

XapakTepUCTUKN KOMITO3UTHRIX MaTEPUAIIOB:

- TonmuHa KOMIIO3UTHOTO Marepuana tf = 1,4 mm;

- HopmariBHOE 3HAUCHHE COMTPOTHRIIEHNS PACTSHKEHUIO KOMIIO3UTHOTO Marepuaa
Rf, n =2800 MIla;

- HopmaruBHOE 3HaYeHIE MO/ YIPYTOCTH KOMIIO3UTHOIO MaTepuana Ef, n =

165000 MI1a;

3aIIUTHEIA CI0M:

- PaccTostHHE OT PaBHOACHCTBYIOMICH ycunuii B apMarType S 10 TPaHH CeYeHust
ag=3cm=3/100=0,03 m;
- PaccrostHue OT paBHOAEHCTBYOMIEH yCHITHI B apMaType S' 10 TPaHH CEYCHHS

as=3cmM=3/100=0,03 m;
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IInomane HEHANpATAEMOI CXKATOM MITH HAUMEHEE PACTAHYTOH MPOI0NbHOMI

aApMaTypel

(CrepkHeBas apMatypa, quameTpoM 6 Mm; 2 IiT. ):
- TInoaas HeHanmpsaraeMol ckaroit apMarypel A's = 0,57 cm 2 = 0,57 / 10000 =
0,000057 m 2;

PasMepsl ceueHus:

- Boicora cegennss h =30 cm =30/ 100 =0,3 m;

- [Mupuna npssMmoyToasHOTo cedenHust b= 15 cm = 15/ 100 = 0,15 M;

Yeunus:

- zrunbarommii MoMmenT M = 2,24338 Tc M =2,24338 / 101,97162123 = 0,022 MH

Pe3zynemamul pacuema:

PacueTtHoe conporuBicHue 6eToHa

BeroH - TsokenbIii.

HopmaruBrOe 3HaUCHIE COMPOTHRIICHAS OETOHA OCEBOMY CIKATHIO JUTS
NpeaesbHbIX COCTOSIHUI MEPBO# rpynib MpuHUMaeTcs o tadi. 6.7 CI163.13330 Rpn =

11 MIla.

HopwmaTtuBHOE 3HATEHIE CONPOTUBICHUS OETOHA OCEBOMY PACTSDKCHHIO IS
IpeIeTBHBIX COCTOSHMIA TEPBOI IPYIITEI TPHHAMAaeTCs 1o Tad. 6.7 CI163.13330 Rom =

1.1 MIla .
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PacuerHoe conporusiaeHue 66TOHA OCEBOMY CXKATUIO TPUHUMAETCs mo Tadm. 6.8 CIT

63.13330 Rp = 8.5 MI1a.

PactdeTHoe conmpoTHBICHHE OETOHA OCEBOMY PACTSDKEHUIO IPHHUMACTCS 110 Ta0IL.

6.8 CI163.13330 Ryt = 0.75 MIla .

Yuer ocobenHocTel paboThl 6€TOHA B KOHCTPYKIIMA

Pacuer Ha nelicTBUE HArPY30K - DOCTOSHHBIX, JUTHTEIBHBIX M KPATKOBPEMEHHBIX.

Koahdumment ycnosus paboTbl 6€TOHA, YUUTHIBAIOLINHN THTSITHHOCTD IEHCTBHS

Harpysku:

Yo1=1.

KoHCTpyKIust OeTOHUPYETCS - B TOPH30HTAIEHOM HOJIOKCHHUH.

Koadurment ycnoBus paboTel O€TOHA, YUUTHIBAIOLIHI TOMIEPEMEHHOE

3aMOpPaXMBAHUC U OTTAUBAHUC OeToHa:

vb3=1.

Koadpunuent ycnopus pabotel 6€TOHA, YUMTHIBAIOIINI XapaKTeP pa3pyIICHUS
OCTOHHBIX KOHCTPYKLMIL:

Yo4=1.

JUTst Haa3eMHOM KOHCTPYKIIMH, TIPH PacueTHOM TeMIepaType Hapy»KHOTO BO3AyXa B

3UMHMI niepuot He MeHee -40 rpan.:

Koo dumuent ycnoBusi paboTel O€TOHA, YUUTHIBAIOUINN BIMSAHHE TOTIEPEMEHHOTO

3aMOPKABAHUA U OTTaMBaHU A
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Yb5=1.
I'pymnna npenensHeX COCTOSHUMIA - TEpBast.
KoncTpykmms - xene300eToHHasL
CeHcMIYHOCTB TIIOMIAKH CTPOUTENIBCTRA - He 0os1ee 6 GaioB.
Koadpuuuent yernosus padorst no 1. 2.14 CHull I1-7-81 "CTpouTenscTBO B
ceiicMuYecKuX paiioHax":
Pacdetnoe conporuBieHue GeToHAa OCEBOMY CXKATHIO IIPU Mkp = 1:
Rb = b1 b3 Yb4 vb5 Rb =
=1-1-1-1-8,5=85MIla.
PacueTHOE compoTuBieHue OCTOHA OCEBOMY CIKATUIO:
Rb =mikp Yb1 vb3 Yb4 b5 Rb =
=1-1-1-1-1-85=85MIla.
Pacuetnoe conpoTuriIeHne OETOHA OCEBOMY PACTSDKEHHIO IIPH pacueTe Ha ACHCTBHE
HONEPETHBIX CHIT:

Rbt=vb1 Rot =1-0,75=0,75 Ml1a.

PacuetHOE conpoTHBiIeHNE GETOHA 0CEBOMY PACTSDKEHHIO:

Rbt =mkp yb1 Rbt =1-1-0,75=0,75 MI1a.

PacderHbie 3HAYEHNS TPOYHOCTHBIX XapPaKTCPUCTUK apMaTyPEI

Beoawutes - xinacc apmaryphl.
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TIpenBapuTENEHOE HAMMPSHKEHAE apMAaTYPHI - OTCYTCTBYET.

Knacc HeHanpsracMoii npofoabHO#M apMatypel - A500.

PacdeTHO€e COMPOTHBIIEHHE TTPOJIONIFHOM apMaTypbl PaCTHKEHHIO:

Rs =435 MIla.

PacyeTHOE CONPOTHBICHUE HEHANPATAeMOI apMaTyPbl CXKATHIO (I apMaTyphbl
B500, A600):
Rsc =400 MIla .

TMonepeynast apmMarypa - He PACCMATPHBACTCS B JAHAOM PACHeTe.

PacueTHOE COMPOTHBIICHHE TPOIONIBHOM apMaTyPhl PACTSKEHHIO:

Rs=mkpRs=1-435=435MIla .

Pacuernoe COIIPOTHBJICHUC HeHal'[pﬂl"aeMOP’I apMaTypsl CXKaTHIO (IU'U[ apMaTypsl
B500, A600):
Rsc = mkp Rsc =1-400=400 MIla .

KoappunreHt HanexxHOCTH Mo apMarype:
vs=1,15.

HopMaruBHOE 3HaUEHUE COMPOTHBIICHHS HEHAIPSATAEMOM apMaTyphl PACTSHKEHHUIO

Rs,n=mkp ysRs=1- 1,15 - 435= 500,25 MIla .

HopmaruBroe 3Ha49eHIE CONPOTHRICHUS HEHATIPATAEMOI apMaTyPhl OCEBOMY
COKATHIO:

Rsc,n:mkp“{sRsczl - 1,15 - 400 = 460 MIla .
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3HAYCHHE MOYJISA VIIPYTOCTH apMaTyPhI

MoJynp yIpyrocTH HEHANPATaeMOit apMaTyphl:
Es = 200000 MITa .

OnpeneneHye 3HA4YCHUS HAYAILHOr0 MOAYIIS VIIPYTOCTH OeTOoHA

HauaneHe1t MoayJib ynpyroctd npunuMaercs mo tabm. 6.11 CI163.13330 Ep =
24000 MI1a .

OnpeneneHue PacYeTHOrO 3HAYCHNS COMPOTUBIICHHUS PACTHKCHUTIO

PacueTHOe 3HaUCHUE MO/IYJIsl YIIPYTOCTH KOMIIO3UTHOTO MaTepHaa;
Er= Ef n = 165000 MITa .

3HauYCHHE TPUHATO JUIS KOMIIO3UTHOTO MaTepHaia COCTOSIIETO U3 YIVIEKOMITO3UTA.

Bua KOMIIO3UTHOTO MaTeprala - TKaHbIH MaTepHall.

Yc10Bus 9KCIUTyaTAMY KOHCTPYKIKH - HA OTKPBITOM BO3AYXE.

Koagdunuent yenopuil paGoTsl, 3aBACAIIAIA OT THIIA KOMIIO3UTHOIO MaTepuaia 1
YCIIOBHH DKCTUTyaTali KOHCTPYKIIAN:

vf1=0,8.

ITpomomxkenue pacyera mo 1. 5.2.5 CIT 164.1325800.2014

3HauYCHUE TPUHATO U1 KOMIIO3UTHOTO Marepuasia COCTOAMETO U3 YITICKOMIIO3HUTA.
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Ko purmenT Hafe)KHOCTH II0 KOMITO3UTHOMY MaTepUay:

vF=12.
KoaddumenT ycnopuii paboTel KOMIO3HTHOTO MaTepuasia MPUHAMAETCS PaBHBIM 1

KosdduiueHT ycnopnii paboTel KOMIO3WTHOTO MaTepraa, YIUTHBAFOIIMI
CLCIUICHHIE KOMTIO3UTHOTO MaTepuaia ¢ GeTOHOM:

m=1.

Rf = yf1 vf2 R, n/fyf=
=0,8-1-2800/1,2 = 1866,66667 MIIa (popmyna (5.1); . 5.2.5 ).

HpCLlCJleOC 3HAYEHUE OTHOCUTENBHOM IlC(I)OpMaI.lI/II/I KOMITO3UTHBIX MaT¢pruajioB
CHUCTCMBI BHCIITHETO apMUPOBaHUA:

ef, ylt = RFEf = 1866,667/165000 = 0,01131 (popmymna (5.4); m. 5.2.5).

Koahdunuent ycnosuit paGoThl KOMIIO3UTHOI'O MAaTEPUAIIA, YIUTHIBAFOIIHI

CHCITICHUE KOMIIO3UTHOTO Mare€puaiia ¢ 0GeTOHOM:

ve2 = 12,5 €f, ult) \/ Rp/(n Eftr)=

=1/(2,5 - 0,01131) - V 8,5/(1 - 165000 - 1,4)= 0.21454 ((popmyna (5.2); 1. 5.2.5 ).

PacueTHOe 3HAUCHUE COIIPOTHUBJICHUS PACTAKCHUIO Ha EHCTBHUE

HCTIPOAOJDKUTCIIBHBIX HArpy30K

PacuetHOC 3HaUEHME COIIPOTHUBJICHUA PACTANKEHNIO KOMIIO3UTHOT'O MaTC¢pHaia:
Rf = yf1 v£2 R n/yf =
=0,8 - 0,21454 - 2800/1,2 = 400,47467 MITa (dopmysa (5.1); m. 5.2.5 ).

IpeaensHOE 3HAYCHAE OTHOCATENBHOM Ie(hOpMAaIy KOMIIO3UTHBIX MATEPHAJIOB

CHCTEMBI BHEIITHETO APMUPOBAHHMS:
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ef, ult = Re/Ef = 400,4747/165000 = 0,00243 (opmyna (5.4); 1. 5.2.6 ).

OnpeneneHre 3HAYCHUI HAYATBHOM OTHOCUTENIBHON ehopMaliy CTAIBEHOM

apMatypel 1 HAYaJIbHON OTHOCUTEJILHON Lle(bODMaHI/II/I CKATOr0 OETOHA M3rNOAEMBIX

DIIEMEHTOB

B cootBetcTBuH ¢ 1. 4.10 1pu ycHIeHNH M3rudacMbIX KOHCTPYKLMI MUHUMAITBHO
JOMYCTUMBIH (hakTMUECKIH KiTace 6ETOHA MO MPOYHOCTH HA CIKATHE CYIISCTBYIOLIEH
KOHCTPYKLUH, YCWINBAcMOH BHEITHIM apMUPOBAHUEM M3 KOMIIO3UTHBIX MAaTEPUAJIOB,
JIOJDKEH COCTaBJIATL He MeHee B15.

B > 15 MIla - ycloBHE BBIIIOTHEHO .

HauanpHBI MOIYNIb yIpyrocTy npuHuMaetcs no tabm. 6.11 CI163.13330 Ep =

24000 MI1a .

IpuBeneHHOE 3HAUCHAE TOMIMHBI 3AIIATHOTO CIIOST PACTSAHYTOH apMaTypBL:
a=Es As ag/(Es As) = 200000 - 0,00016 - 0,03/(200000 - 0,00016)=0,03 M =3 cMm .

ITpuBeIcHHOE 3HAYEHNE TONIIITHBI 3AITUTHOTO CIIOS CXKATOM apMaTyphl:

a=a5s=0,03m=3cMm.

Pabouas BEICOTA CEUECHHUS:
ho=h-a=0,3-0,03=0,27mM=27c™M.

OnpenencHue XxapakTepUCTHK IPHBEICHHOTO CCUCHUS

Koo ¢uruenT npupeacHns HEHANPATaeMON apMaTypbl K OCTOHY:
os = Es/Eb = 200000/24000 = 8,33333 .
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h'o=h-a's=0,3-0,03=027M=27c™m.

CeueHue - NPpAMOYTOJIBHOC.

TInowmwane ceueHus:
A =bh=015-03=0,045M2=450cm2.

CrarHyeckuii MOMEHT OETOHHOTO CEYCHHUS OTHOCUTENBHO Hanboee pacTsHyTOro
BOJIOKHA!

St=bh22=0,15-0,322=0,00675M3=6750 cMm 3 .

IInomane ceueHus OeToHa:

Ap=Dbh-A's-As=0,15 - 0,3-0,000057-0,00016 = 0,04478 M2 =447,8 cM 2 .

Inomans mprBEIEHHOTO IOMEPEYHOTO CCUEHHUS:
Ared = o5 (AstA's)+Ab = 8,33333 - (0,00016+0,000057)+0,04478 = 0,04659 m 2 = 465,9

cM 2,

CraTnueckuit MOMEHT NIPUBEACHHOTO CEUECHUS OTHOCUTENBHO Hanbosiee
PacTAHYTOTO BOJIOKHA!
St, red = (0s-1) (As agtA's (h-a's))+bh 2/2 =
=(8,33333-1) - (0,00016 - 0,03+0,000057 - (0,3-0,03))+0,15 - 0,32/2=0,0069 m 3 =
6900 cm 3 .

KOOpZ[I/IHaTa ICHTPA TAXKECTHA PACYCTHOI'O KOHTYpa:

Yo = St, red/Ared = 0,0069/0,04659 = 0,1481 m = 14,81 cm .

PaccrostHue oT Hanbomee pacTAHYTOrO BOJIOKHA OETOHA A0 LEHTPA TSIKECTH
MPUBEACHHOTO CCUCHUS:
Vt=V0=0,1481 M = 14,81 cm .
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Paccrosuue or Hanbosee CKAaTOro BOJIOKHA B OCTOHE J0 LEHTPA THKECTH
TPUBCACHHOI'O CCUCHHUS !

yo =h-yt =0,3-0,1481 =0,1519 M = 15,19 o™ .

Vs = yo-as = 0,1481-0,03 =0,1181 m= 11,81 cm .

y's = h-ag-a's-ys = 0,3-0,03-0,03-0,1181 =0,1219 M = 12,19 cm .

MomeHT HWHCpOUHN 6eTOHH01"O CCUCHHMA OTHOCHUTCIIBHO LHCHTPA TSLKECTU
HpI/IBeZ[CHHOFO CCUCHU .
I=bh3/12+A (h/2-yy)2=
= 0,15 - 0,33/12+0,045 - (0,3/2-0,1481) 2 = 0,000337662 M 4 = 337662 cm 4 .

OmnpeneneHne MOMEHTa 00pa3oBAHNS TPEIIIH

PacueTHOE 3HaYCHHE COIPOTHBIICHUS OETOHA OCEBOMY COKATHIO IJISI IPEeeTbHBIX
COCTOSIHUH BTOPOH IPYIITEL:
Rb’ ser:Rbn =11 MIla .

PacueTHOE 3HaYECHHE COIPOTHUBICHUS OETOHA OCEBOMY PACTSHKEHUTO JUTS
MIPEAENBHBIX COCTOSHUM BTOPOM IPYIIIIEL

Rot, ser = Rbtn = 1,1 MITa .

MOMEHT HHEPLUH IIIOMAAEH CEYEHU PaCTAHYTOM apMaTyphl:

Is = As (h-as-yc) 2= 0,00016 - (0,3-0,03-0,1519)2 =0,000002232 m 4 =223 2 cm 4 .

MoMEeHT MHEPIMH NJIOINAACH CEUSHHUS CKATON apMaTypeL:
I's=A's (Ye-a's) 2=
=0,000057 - (0,1519-0,03) 2 = 0,000000847 m 4 = 84,7 cM 4 .
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MOMEHT MHEPIHHU IPABENEHHOTO MONEPEYHOrO CETEHHS:
Ired =1 +Is (ois-1)+'s (ais-1) =
= 0,000337662+0,000002232 - (8,33333-1)+0,000000847 - (8,33333-1) = 0,000360241
M4=36024,1 cm4.

YHOpyruif MOMEHT COIPOTHBIICHHUS TPHBEIECHHOTO CCUCHUS:

Wred = Ired/yt = 0,000360241/0,1481 = 0,00243 M 3 =2430 cm 3 .

PaccTosHUE OT LIEHTPA THKECTH NPUBEICHHOIO CEUCHHS IO SAPOBOI TOUKH,
HauGosiee yIaleHHOM OT PacCTAHYTOM 30HBI:
ex = Wred/Ared = 0,00243/0,04659 = 0,05216 M =522 cM .

MowmeHT 06pa3oBaHAs TPEIIMH OIPEJIEISETCA - C YYETOM HEYNPYTruX AchopMarinii.

YipyromiacTuyeckiii MOMEHT COITPOTURIIEHHS CEUCHHS:

Wpl = 1,3 Wred = 1,3 - 0,00243 =0,00316 M 3 = 3160 cm 3 .

Usrubarommuii MOMEHT, BOCIIPUHAMAEMETif HOPMAJIBHEIM CEUCHHEM SJIEMEHTA MPH
00pa30BaHNH TPEIIHH:
Mcrc = Rot, ser Wpl = 1,1 - 0,00316 =0,00348 MHM=0,35Tc M .

Tx. M=0,022 MH M = 2,24338 T¢ M > Mgrc = 0,00348 MH M = 0,35486 TC M :

TpeiuHbl 06pa3yroTCs.

JKecTkoCTh JKe1e300€ TOHHOrO DIEMEHTA Ha YYaCcTKaX ¢ TPEIMHAMHU B DACTAHYTOM

30HE IPU KPATKOBPEMEHHOM JIEHCTBUM HATPY3KHU
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IIpeaBapuTENHHO ONPENETIOT KO PUIEHT s o dopmy:e (8.137) m. 8.2.18 CIT
63.13330.

Onpenenenue ko3hhUnmenTa ys

Jedopmaruu B apMatype - HE 3a1aHbL.

OnpenenaeHne HAMPsHKEHNUH B pacTIHYTOM apMarype

IpuHUMaeMast OTHOCHTENbHAS HedopMarst OeToHA:

€bl, red = 0,0015 .
PacueTHOE 3HAUCHUE COMPOTUBIICHISI OETOHA OCEBOMY CHKATHIO AJIsl NPEAEIBLHBIX
COCTOSIHUH BTOPOIA [PYIIIIEL:

Rb,ser:Rbn: 11 MITIa.

IpuBeneHHBIH MOAYIb AedopManum cxKaToro 6eToHa:

Eb, red = Rb, ser/eb1, red = 11/0,0015 =7333,33333 MI1a .

Koadhduurent npuBeaeHns ckaroii apMaTypbl K OETOHY:
os1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

HaripsbkeHusI B paCTAHYTON apMaType OMPECISIOTCS TIPH ols2 = Osl

TTpu 3TOM MPUHUMAETCS I M3rUOaEMbIX SIIEMEHTOB Y¢ = Xpm - BHICOTA CKaToi

30HbI OeTOHA, onpeaenseMas no 1. 8.2.28 CIT 63.13330.

Ko3¢puiyeHT npuBeacHAs pacTIHYTOH apMaTyphl K OCTOHY:
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OnpenencHre cpeaHei BEICOTBI CHKATOM 30HBI JUTS H3THOAEMbIX JIEMEHTOB

Koaddpuuuent apMupoBaHus:
is = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koadduuuent apMupoBaHus cxkatoii HEHAIPATaEMOil apMaTyphl:
W's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

CpenHsist BRICOTA CKATOH 30HBL OETOHA:

Xm = ho (\/ (us G2+ l's Os1) 2+2 (s asat's st a'tho) (s o2 Hu's as1)) =

=027 - (V (0,00395 - 27,27273+0,00141 - 27,27273) 2+2 - (0,00395 -

27,27273+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 27,27273+0,00141 - 27,27273)) =
0,09427mM =943 c™m..

Orpenenenyie cpenteii BEICOTEI CKATOM 30HBI OeToHa

Pacuer Benetcs mo npubmmkeHHOH hopmyne (8.154 CIT 63.13330).

BrIcoTa ¢KaTo¥ 30HEI H3rH0acMOT0 DIICMCHTA:

XM =Xm =0,09427M =943 cm .

PaccrosiHiE OT HanboJIee CKaToro BOJIOKHA JIO IEHTPA TSKECTH MPUBEIACHHOTO
ceuenus O3 yyera pacTsIHYTOM 30HBI:

Yem =Xm = 0,09427mM =943 cm .

MOMEHT UHEPLMH IUIOLIAACH CCYECHHS PACTSIHYTOH apMaryphl:

Is = Ag (h-as-yem) 2 = 0,00016 - (0,3-0,03-0,09427) 2 = 0,000004941 M4 =494,1 cm 4 .

MOMEHT HHEPLUH IUIOIAICH CEUCHUs CKaTOl apMaTypsl:
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I's= A (ch'a's) 2=
=0,000057 - (0,09427-0,03) 2=0,000000235M4=23,5¢cm4.

Onpenenenne MOMEHTA HHEPIIMH CKATOM 30HEI OETOHA

In =bxm 3/3=0,15 - 0,09427 3/3 =0,000041888 M4 = 4188,8 cm 4 .

[Tnomans ceueHnsd OeToHa:

Ap=bxm=0,15-0,09427=0,01414 m2=141,4cm 2.

MOMEHT HHEPIMH MPUBEIEHHOTO IOIEPEUHOTO CEUCHHS:
Ired = Ib s as2H's g1 =
= 0,000041888+0,000004941 - 27,27273+0,000000235 - 27,27273 = 0,000183052 m 4 =
183052 cm 4.

[omane IPUBEACHHOTO HONEPEYHOTO CEUECHUS:
Ared = AbtTAs 052TA's 01 =
=0,01414+0,00016 - 27,27273+0,000057 - 27,27273 = 0,02006 M 2 =200,6 cM 2 .

Paccrosmue 0T HauboJIEE CKATOrO BOJIOKHA B OCTOHE JI0 LCHTpaA TAXKCCTH
TIPUBCACHHOTO CCUCHHUA:

Ve =Yem = 0,09427 M=9,43 cM .

os = (M (ho-yc)/Tred) ois1 =
= (0,022 - (0,27-0,09427)/0,000183052) - 27,27273 = 576,00032 MI1a .

Hanpsbkenus os, crc ompeacnarores npa M = Merc.

Hanpsoxennst B IpoaosIbHO PacTSHYTOH apMarype B CEUCHAR € TPELIMHOM cpasy

mociie 00pa3oBaHusi HOpMaJIbHBIX TPEIIH:
163



s, cre = (Merc (hO'Yc)/Ired) sl =
=(0,00348 - (0,27—0,09427)/0,000183052) - 2727273 =91,11278 MIla .

Tk Os = 576,0003 MIla > Os, crc = 91,1 1278 MIa :
Koaddurment, yunrpiBaroniuii HepaBHOMEPHOE PACIIPENCICHUE OTHOCHTEBHBIX
Jetbopmarmii:

ys = 1-0,8 o5, cro/os = 1-0,8 - 91,11278/576,0003 = 0,87345 .

3HaueHue MOy aedopMaLuy CKaToro 6eToHa MpUHAMAIOT 110 hopmyte (6.9) mis

Harpy3oK HETIPOAOJDKATEIIBHOTO JCHCTBUA.

Onpenenenue MPUBESACHHOTO MOJIYJIA YIIPYTOCTH MPH KPATKOBPEMEHHOM JIEHCTBUN

IpuHrMaeMas OTHOCATENBHAs AehopMmariust GeToHa:
€bl, red = 0,0015 .

[TpuBeaeHHBIM MOAYIb AeQOpMAaIiK CKATOTO OETOHA:

Eb7 red = Rb, ser/ﬁbl, red = 11/0,00] 5= 7333,33333 MIla .

Koaddumment npuseneHus cxartoit apmMarypsl K OETOHY:

as1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

TTpuBeneHHBIA MOAYL AeopMAalK PaCTSIHYTOM apMaTyphl:
Es, red = Es/ys = 200000/0,87345 = 228977,04505 MI1a .

KoadduimeHt npusecHus pacTsiHyTOH apMaTypbl K 6€TOHY:

os2 = Es, red/Eb, red = 228977/7333,333 = 31,22414 .
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Monaynbs pedopMmarii cxxaToro 6€ToHa:
Eb1 =Eb, red = 7333,333 MIla .

OrnpeneaeHne MOMEHTa MHEPUMY MPUBEIEHHOTO CEUYEHUS

OnpeneneHre cpeaHeii BEICOTHI CKATOW 30HBI JUIS H3ru0aeMbIX JIIEMEHTOR

KoaddurmenT apMupopaHus:
is = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koaddurment apMmupoBadus cxaToit HeHaMpsAraeMoi apMaTypel:

W's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

Cpennsis BbICOTa CKATOM 30HBI OETOHA:

Xm = ho (\/ (us as2t s Ast) 242 (s as2t s st a'tho) -(us os2HL's os1)) =

=0,27 - (V (0,00395 - 31,22414+0,00141 - 27,27273) 242 - (0,00395 -

31,22414+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 31,22414+0,00141 - 27,27273)) =
0,09954 M =995 cMm.

PaccrosiHEEe OT HauGoJIee CKATOr0 BOJIOKHA 10 LICHTPA TSHKECTH IPABEACHHOIO
ceyenus Oe3 ydeTa pacTAHyTOM 30HBL:
Vem = Xm = 0,09954 M =995 cm .

PaccTosame oT HanOoJjIee CKATOTO BOJIOKHA B OETOHE 10 TIEHTPA TXKECTH
[TPUBEACHHOIO CEUCHUSL:

Ve =Yem = 0,09954 M= 9,95 cm .

OnpenereHne MOMEHTA MHEPIMH CKATOH 30HEI OeTOHA

Ip =bxm3/3=0,15 - 0,09954 3/3 =0,000049313 m4 =4931,3 cm 4.
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TTnomans ceyeHusa OeToHa:

Ap=bxm=0,150,09954=0,01493 M2=149,3 cm2 .

MOMEHT MHEePIUH IUIOIA/IeH CEUCHUs PACTAHYTOH apMaTyphi:

[s = As (h-ag-yem) 2= 0,00016 - (0,3-0,03-0,09954) 2 = 0,000004649 m 4 = 4649 cm 4 .

MOMEHT MHEPLMH NIOWAAEH CeUCHHS CKATOM apMaTy PhI:
I's = A's (Yem-a's) 2 =
=0,000057 - (0,09954-0,03) 2 = 0,000000276 M4 =27,6 cM 4.

MOMEHT MHEPIUH TPUBEACHHOTO MONEPEUHOrO CEUCHHS:
Ired = Ibt]s ag2t]'s 0is1 =
=(,000049313+0,000004649 - 31,22414+0,000000276 - 27,27273 = 0,000202001 M4 =
20200,1 cm 4.

H.T[OHIa,HB TIPAUBCACHHOI0 MOMECPEYHOTO CCUCHUA.
Ared = AbtTAg as2t+A's as] =
=0,01493+0,00016 - 31,22414+0,000057 - 27,27273 =0,02148 M2=2148 cm 2 .

M3rubHas >KeCTKOCTh:

D =Eb1 Ired = 7333,333 - 0,000202001 = 1,48134 MHM2=151,05Tc M 2.

BricoTa ¢xxaroit 30HbI OeTOHa:

Xo =Xm = 0,09954 M=9,95cm .

HauaieHas OTHOCHTENBHAs Ae(OPMALHs CKATOro GETOHA 10 YCHIICHHS
KOHCTPYKIIHIH:
£ % = Mo/(Eb1 Lred) Xo =

=0,022/(7333,333 - 0,000202001) - 0,09954 = 0,00148 (popmyina (6.4); m. 6.2.4 ).
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Hawansnas oTHOcHTENnbHAs AedopMaliyst CTaIbHOI apMaTyphl 0 YCUIEHNUS

KOHCTDPYKIIAM:
€ 0= Mo/(Eb1 Ired) (ho-xo) =
=0,022/(7333,333 - 0,000202001) - (0,27-0,09954) = 0,00253 (hopmyna (6.3); 0. 6.2.4 ).

£52 =0,015.
HauanbHble fehopManyu pacTSHyTOM IPAaHN CEUCHUS:
€ Opt = (€ Os hte Op a)/'ho =

=(0,00253 - 0,3+0,00148 - 0,03)/0,27 = 0,00298 (popmya (6.14); 1. 6.2.10 ).

Rf=400,4747 MI1a < (gs2-€ %) Ef = (0,015-0,00253) - 165000 = 2057,55 MIla

yCIOBHE BBIIOIHEHO ((opmyna (6.1); m. 6.2.10 ).

OnpeeneHne TPaHUYHOR OTHOCHTENBHOM BBICOTHI C)KaTOM 30HBI

XapaKTepHCTHKa CKaTol 30HEI OSTOHA!

0=0,8.

OtHocurtenbHas Aedopmarms 6eToHa:
ep2 = 0,0035 .

rpaﬂl/l'-IHaSI OTHOCUTEJIbHASA BEICOTA CKATOM 30HBL;
ER, £ = o/(1+(ef, ultte Op)/ep2) =

= 0,8/(1+(0,00243+0,00148)/0,0035) = 0,37787 (opmyna (6.2); 1. 6.2.3 ).

Pacuer nzrnbGaeMbIx 21¢MEHTOB

3uayeHre MOAYIS YIIPYTOCTH apMaTyPhl
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Moayne yOpyrocTi HEHanpsaraeMoii apMaryphl:
Egs =200000 MITa .

IInowane nonepeyHoro CEYECHNs BHEWHEH apMaTypbl U3 KOMIO3UTHBIX
MaTepHAaIOB:

Af =n trbf =1-0,0014 - 0,15=0,00021 M2=21cm2.

HpI/IBeI[eHHoe 3HAYCHUEC TOJIIUHBI 3allIUTHOT'O CJI0A paCTﬂHyTOi”I apMaryphl:
a= Rs AS as/(Rs AS+RfAf) =
=435 -0,00016 - 0,03/(435 - 0,00016+400,4747 - 0,00021)=0,01358 M = 1,36 cM .

INpuBeneHHOE 3HAUCHUE TONIIMHEI 3aIUTHOTO CIIOS CKATOM apMaTyphl:

a=as=0,03mM=3cMm.

Pabouas BrICOTA CCUEHUS:

ho=h-a=0,3-0,01358 =0,28642 M = 28,64 ¢™ .
BeicoTa ¢cxxarToii 30HbI:
X = (Rs As-Rsc A'stRFAF)/(Rb b )=
= (435 - 0,00016-400 - 0,000057+400,4747 - 0,00021)/(8,5 - 0,15)=0,10267 M = 10,27

cM (popmyna (6.7);, m. 6.2 ).

OtHOCUTEIBHAS BEICOTA CXKATOM 30HEL

& =x/h=0,10267/0,3 = 0,34223 .

Tx &=0,34223 < &R £=0,37787;x>0mM=0c¢Mm :

TIpenensHbIN U3rudaromuil MOMEHT:

Mult =Rp b x (ho-O,S X)+Rsc Avs (ho-a's)‘f'Rf Af a=
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=8,5-0,15 - 0,10267 - (0,28642-0,5 - 0,10267)+400 - 0,000057 - (0,28642-
0,03)+400,4747 - 0,00021 - 0,01358 = 0,03776 MH m = 3,85 Tc M ((popmyxa (6.6); 1.

62.7).

BoiBoa: MNpPOYHOCTDL JKeJ1e300eTOHHOI0 CeYeHHs ¢ Y4€TOM BHCIIHETO

APMHPOBAaHAS JJAMHHATOM coOCTaBJIsieT 3,85 T¢ M.
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Ipunoxenne B TIpumep pacueta ycujieHusi H3rubaemoii
JKeJIe300€TOHHO KOHCTPYKIHHM HA BOCHPHSITHE H3rHOAIOIIEr0 MOMEHTA

XO0JICTAMH

Tpebyercs OIPEACITUTh IIPOYHOCTb U3rudaeMoro JKEIe300€TOHHOTO
ITPSIMOYTOJIEHOTO CEUEHHUS 3IIEMEHTa, YCUIEHHOTO XONCTOBBIM KOMITO3UTHEIM MaTeprHaIoM

HHd?OUJHaHMﬂ O pacyeme:.

Pacuet BHIONHEH B COOTBETCTBHU C: LI 6.1.11 CI163.13330;6.1.12 CII
63.13330,6.2.8 CI163.13330;6.2.12 CI1 63.13330;6.1.15 CI163.13330;5.2.5;6.2.4,6.2.6
CIT 164.1325800.2014.

Hcxoonvie oannvie:

JONONHUTENBHBIC XaPAKTEPUCTHUKH KOMIIO3UTHBIX MAaTEPUAIIOB:

- Uucno cnoeB KOMMO3UTHBIX MarepuaiaoB n = 1 5

- [IupvHa KOMITO3UTHOTO Matepuana b =15 cMm =15/ 100=0,15 m;

XapakTepUCTHKN KOMITO3UTHBIX MaTEPHUAIOB:

- TonmwuHa koMmo3uTHOTO Marepuana tr = 0,9 mm;

- HopmarrBHOE 3Hau€HHE COMTPOTUBIIEHUS PACTDKEHHIO KOMIIO3UTHOTO MaTepyasa
Rf, n =470 MlIa,

- HopmaruBHO€E 3HaueHne MOAYJISl YIIPYTOCTH KOMIIO3UTHOTO MaTepuana BEf, n =
35000 MI1a;

3aIUTHBIN ClIO#:

- PaccTosiHHE OT PaBHO/ICICTRYOMLICH YCIITHI B apMaType S 10 TPaHH CEUYEHHS
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as=3cM=3/100=0,03 m;
- PaccTosiHuE OT paBHOJCHCTBYIOMIEH yerTHii B apMarype S' 10 TPaHU CEUCHUs
as=3cm=3/100=0,03 m;

IInomanae HEHANTPATAEMON CHKATOM MM HAUMEHEE PACTSIHYTOM IPOI0JIbHON

apMaTypbl.

(CrepxHeBas apMaTypa, IMaMeTpoM 6 MM; 2 LIT. ):
- [Inowaae Henanpsaraemoii cxkaroit apmarypsl A's = 0,57 ecm 2 = 0,57 / 10000 =

0,000057 m 2;

Pasmepsl ceueHust:

- Bricora ceuerns h=30cMm=30/100=03 m;

- Iupuna npsaMoyroasHOro ceueHus b = 15 cm = 15/ 100 = 0,15 m;

Yeunusg:

- Nzrubaroumiit MomeHT M = 2,24338 Tc M =2,24338/101,97162123 = 0,022 MH

Pezynvmamest pacuema:

PacueTrnoe compoTuBiieHne 6eTOHA

BetoH - Tsoxenii.

HopmaTyBHOE 3HAaUEHHE CONPOTUBIEHNS GETOHA OCCBOMY CHKATHEO LIS
TIPENENBHBIX COCTOsIHUM TePBOiA Tpynibel npuHuMacTcs mo tadi. 6.7 CIT63.13330 Rpn =

11 MIla .
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HopMaruBHOe 3HAYEHHUE COMIPOTUBIICHNS OETOHA OCCBOMY PACTSKEHHIO UTs
MpeNeTbHBIX COCTOSHUI IEPBOI rpynmnel npuHrMaeTtcs mo tabm. 6.7 CI163.13330 Rotn =
1.1 MIla.

PacueTHOe COMPOTHBICHHE GETOHA OCCBOMY CHKATHIO MPHHAMaeTcs 1o Tab. 6.8 CI1
63.13330 Rp = 8.5 MIIa .

PacderHoe compoTuBaeHHE OETOHA 0OCEBOMY PACTSDKEHUIO NPUHEMAETCS IO Taol.
6.8 CI163.13330 Ryt = 0.75 MI1a .

Yuer ocobeHHOCTEH paboThl 6€TOHA B KOHCTPYKITHH

PacueT Ha AelicTBHE HAPY30K - IOCTOSHHBIX, JJTUTEIBHBIX W KPATKOBPEMEHHBIX.

Koad¢pument ycnoBust paboThl OSTOHA, YIUTHIBAIOIINM THTEIBHOCTD ACHCTBHSA
Harpy3Ku:
v1=1.

KoHcTpykuus 6ETOHUPYETCS - B TOPU3OHTAIBHOM TTOJI0KEHHIH.

Koaddunuent ycnopus paboTer OeTOHA, YINTHIBAIOLINI TONEPEMEHHOE

3aMOpPaKUBAHUC U OTTAWBAHUEC OeToHa:

vo3=1.
Koa(pdummeHT yemoBust paboThl 6eTOHA, YUHTHIBAOIIMM XapakTep pa3pyLIeH s

GETOHHBIX KOHCTPYKIIHH:

voa=1.
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JIns Haf3eMHOM KOHCTPYKIMM, TIPK PAacUeTHOM TeMIepaType Hapy»KHOTO BO3AyXa B

3uMHHE nepuox He MeHee -40 rpan.:

KoadrmmeHT ycnopus paboTel O€TOHA, YINTHBAIOLINIA BIMAHAE TOTEPEMEHHOTO

3aMOpakuBaHWs U OTTAaUBaHWA.

Yo5=1.

['pynma npeaenbHbIX COCTOSHMI - IEpBas.

KoHcTpyKuus - sxene300eToHHA.

CelicMU4HOCTB IUIOMIAIKI CTPOUTENLCTBA - HE 00Jiee 6 GaioB.

Koa¢dumuent yenosust pabotst o . 2.14 CHull 11-7-81 "CTpOUTENBCTBO B
ceifcMuuecKkux paiioHax":

mgp=1.

PacuetHOE COIIPOTHBJICHUE OeToHa OCEBOMY CXKATHUIO MIPU Mkp = 1:

Rb = vb1 Yb3 Yb4 Yb5 Rp =
=1-1-1-1-85=8,5MIla.

Pacuetnoe conporursienue GETOHA 0CEBOMY CHKATHIO!
Rb = mkp yb1 Yb3 Yb4 Yb5 Rp =
=1-1-1-1-1-85=85MIla.

PacueTHOE compoTuRieHe GETOHA OCEBOMY PACTSHKEHHEO IPH PACUETE HA NeiicTBHE
MOMIePEYHBIX CHIT:

Rbt=yb1 Rot =1:0,75=0,75 MIIa.

PacueTHoe conpoTrBIeHre GETOHA OCEBOMY PACTHKEHHIO:
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Rbt =mkp yb1 Ryt =1-1-0,75=0,75 MIla.

Pacuernbie 3HAYEHHA MPOYHOCTHBIX XaPAKTEPUCTHK APMATYPEI

BBoauTcs - knacc apMarypsl.

IpenBapuTenbHOE HATPSDKEHHE apPMATYPHI - OTCYTCTBYET.

Knacc nenanpsraemoit mpoonbHo# apMatypel - AS00.

PacueTHOE CONPOTUBICHUE IIPOJONIBHOM apMATYPHI PACTSKEHHUIO:
Rs =435 MIla.

PacueTHOE CONPOTUBICHUE HEHAIPATAEMOI apMaTypPHI CKATHIO (ISt apMaTyphL
B500, A600):
Rgsc =400 MITa .

IMomepeyHas apMarypa - He PaCCMATPHBACTCS B JAHHOM pacyere.

PacueTtHoe COIIPOTUBJICHUEC HpOI[OJ'leOﬁ apMaryphbl PaCTsDKCHHUIO:

Rs=mkpRg=1-435=435MIla.

PacueTtnoe COIIPOTHBJICHUC HGHaI[p;IFaCMOﬁ apMartypsl C)KaTHIO (,Zl.lli[ apMarypsl
B500, A600):
RSC = Hlkp Rsc =1-400=400 MIIa .

KoapduuneHT HanexHoCTH 10 apMaType:
vs=1,15.

HOpMaTV[BHOC 3HAYCHUC COTPOTUBIICHUA HCHal'IpiH‘aEMOﬁ apMaTypel pacTsDKCHHUIO |
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Rs,n=mkp ysRs=1- 1,15 - 435 =1500,25 MITa .
HopMaTuBHOE 3HAUCHNE COMPOTHRIICHHUS HEHAMPATAEMOH apMaTyphbl OCEBOMY
CIKATHIO:

Rsc,n=mkp ’YsRs(;:l - 1,15 - 400 =460 MI1a .

3HaucHME MOAYJIA YIIPYTOCTH apMaTypbl

Mopynb yOpyrocTd HeHAPsSIraeMOM apMaTyphl:
Eg =200000 MITa .

OnpenencHne 3HAYCHU HAYATBHOTO MOJIYJISA YVIIPYTOCTH OeTOHA

HauanpHbIi MOIYIE yIpyrocTy mpuHUMaeTcs o Tadn. 6.11 CI163.13330 Ep =

24000 MI1a .

OnpeneneHre PaCICTHOIO 3HAYECHMS CONPOTUBIICHHUS PACTHKCHUTIO

PacuerHoe 3HauCHIE MOJIYJIS YIPYTOCTH KOMIIO3UTHOTO MaTepHala:
Er= Ef, n = 35000 MIIa .

3HAaYCHHE TPHHAITO JJi KOMIO3UTHOIO MaTepUaja COCTOSIIETO M3 YIVIEKOMITO3UTA.

Buj KOMITO3UTHOTO MaTepuana - TKaHblif MaTepuait.

YCnoBus SKCIDTyaTalii KOHCTPYKIMH - HA OTKPBITOM BO3IYyXC.

Koa¢durmeHT yemoBuit paboThl, 3aBUCSLIMI OT THIIA KOMIO3UTHOTO MaTepuana 1
YCITOBHA SKCILTyaTaIllui KOHCTPYKIHH:

vf1=0,8.
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IIponomwxkenne pacdera mo 1. 5.2.5 CIT 164.1325800.2014

3HadeHue NPHHATO JUI1 KOMIIO3UTHOI'O MAar¢pHajia COCTOAIICIO U3 YITICKOMITO3UTA.

Koy duimenT Haie)KHOCTH IO KOMITO3UTHOMY MaTCPHAY:

y=12.
KoagpuuueHT ycnosuii paboTsl KOMIIO3WTHOTO MaTepHalia MPUHUMACTCS PABHEIM 1

Koa¢urment ycnopuii paboTsl KOMIO3UTHOTO MATEPHAJIA, YUUTHIBAIONIHIT
CIICTIJICHHE KOMITO3UTHOTO MaTepraa ¢ 6eTOHOM:

v=1.

Rf= yf1 Y2 R, n/ye=
=0,8 -1 470/12 =313,33333 MIIa (popmymna (5.1); . 5.2.5).

IpenensHOE 3HAYCHIE OTHOCUTENBHOM AehOopManuy KOMIIO3UTHBIX MATEPHAJIOB
CHCTEMBI BHEIITHETO apMHPOBAHHUS:

ef, ult = Re/Ef = 313,3333/35000 = 0,00895 (popmyna (5.4); 1. 5.2.5 ).

Koahdurment ycaoBuit paboTel KOMIIO3UTHOTO MAaTePHAIIA, YINTHIBATOTITHE

CHCIJICHUE KOMITIO3UTHOTO MaTepuaisa c 6eTOHOM:

02 = 1/2.5 e ul) V Ru/(n Erte)=

= 1/(2,5 - 0,00895) - V 8,5/(1 - 35000 - 0,9)= 0,73416 (dopmyxa (5.2); 1. 5.2.5 ).

PacuetHOE 3HaYEHNE COMPOTUBIICHHUS PACTSHKCHUIO HA JCHCTBUE

HEIPOIOIDKUTENBHBIX HArPY30K

PacueTHoe 3HaYEHUE CONPOTHBIICHUS PACTSHKEHUIO KOMIIO3UTHOIO MaTepHaa;
176



Rf = vf1 Y22 RE nfyf=
=0,8 - 0,73416 - 470/1,2 = 230,0368 MIIa (popmymna (5.1); 1. 5.2.5).

IIpenensHOE 3HaYCHUE OTHOCUTENBHOM c(hopMaliii KOMIIO3UTHBIX MaTEpHAIOB
CHCTEMBI BHEITHETO apMHUPOBAHMUS

ef, ult = RFEf = 230,0368/35000 = 0,00657 (popmyna (5.4), m. 5.2.6 ).

OnpenencHne 3HAYSHUIH HAYAILHOM OTHOCHTENLHOM AedopMarniiu CTATBHOM

apMaTypbl ¥ HAYaJIbHON OTHOCHTENEHOM ichopManuy cxaroro 6eToHa M3rH0aeMbIX

JNEMEHTOB

B cootBercTBrm ¢ 1. 4.10 npu ycunernn n3rubacMpx KOHCTPYKIMH MUHUMAITBHO
JOMYCTUMBI (paKTHUecKuii Knacc 6ETOHA MO MPOYHOCTH HA CXKATHE CYLIECTBYIOLIEH
KOHCTPYKLMH, YCHJIMBAEMOH BHEIIHMM apMHUPOBAHMEM M3 KOMIO3UTHBIX MaTe€pUasoB,
JOJDKEH COCTaBIIATh HE MEHee B15.

B > 15 Mlla - yciioBHE BBIITOJIHEHO .

HauanbeHslif MOIYJIB YIIPYyrocTH npuHUMaeTcs 1o Tabm. 6.11 CI163.13330 Ep =
24000 Ml1a .

TIpuBeeHHOE 3HAUEHNE TONIIWHEL 3aIIUTHOTO CJ0S PACTAHYTOH apMaTyphl:
a=Es As ag/(Es Ag) = 200000 - 0,00016 - 0,03/(200000 - 0,00016)=0,03 M =3 c™ .

[TpuBeAEHHOE 3HAUESHHE TOJIIMHEI 3AIUTHOTO CIIOS CXKATOM apMaTyphl:

a=as=003M=3cMm.

Pabouas BeICOTA CEUEHUS:

ho=h-a=0,3-0,03=0,27M=27cM.
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OnpeneneHne XapaKTepUCTHK MPUBEACHHOTO CEYCHNS

KosduimenT npuBeaeHus HeHAIPATaeMOH apMaTyphl k OCTOHY:
os = E¢/Ep = 200000/24000 = 8,33333 .

h'o=h-as=0,3-0,03=027M=27c™m.

CeueHue - IpIMOYTOJIBHOE.

IInomane ceucHms:
A =bh=0,15-0,3=0,045M2=450cm2 .

CTaTHYeCcKHit MOMEHT OETOHHOTO CCUCHUS OTHOCUTENIBHO Haubonee pPacTaHyTOrO
BOJIOKHA.

St=bh2/2=0,15-0,32/2=0,00675mM3=6750cm 3 .

TTnomans ceuenus OeToHa:

Ap =b h-A's-As= 0,15 - 0,3-0,000057-0,00016 = 0,04478 M2 =447 8 cm 2,

[lnomane NPHBEAECHHOTO MOIEPEYHOTO CEYEHUS:
Ared = 0 (AstA's)+Ap = 8,33333 - (0,00016+0,000057)+0,04478 = 0,04659 m 2 = 465,9

M2,

CTaTHYeCKHit MOMEHT PHBEIEHHOTO CEYEHHs] OTHOCHTENLHO Hauboee
PACTAHYTOrO BOJIOKHA:
St red = (as-1) (As as+A's (h-a's)y+bh 2/2 =
= (8,33333-1) - (0,00016 - 0,03+0,000057 - (0,3-0,03))}+0,15 - 0,3 2/2 =0,0069 m 3 =
6900 cm 3 .

KoopawHaTa LEHTPA TSHKESCTH PaCICTHOTO KOHTYPA:
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Yo = St, red/Ared = 0,0069/0,04659 = 0,1481 m = 14,81 cm .

Paccrosiue ot Hanbosee pacTsHYTOTO BOJIOKHA OETOHA 10 HEHTPA TAKECTA
TPUBEICHHOTO CCUYCHHS:

Vt=y0=0,1481 M= 14,81 cm .

Paccrosuue ot Hanboiee C)KAToro BOJIOKHA B OSTOHE 10 IEHTPA TAKECTH
TIpUBCACHHOTO CCUYCHUS!

Ve =h-y1=0,3-0,1481=0,1519 M= 15,19 cm .

Vs = Vo-as = 0,1481-0,03=0,1181 M= 11,81 cm .

y's = h-as-a's-ys = 0,3-0,03-0,03-0,1181 = 0,1219 m = 12,19 cm .

MoMeHT HWHCPOUH OETOHHOI'O CeYeHHd OTHOCUTEILHO LCHTPA TAKECTU
HpI/IBGI[CHHOFO CCUCHUA:
1=bh3/12+A (W2-y)2=
= 0,15 - 0,3 3/12+0,045 - (0,3/2-0,1481) 2 = 0,000337662 M4 = 337662 cM 4 .

OnpeaeneHyie MOMeHTa 00pa3oBaHNUS TPEIUH

PacueTHOE 3HaYECHUE COMPOTUBIICHNS OETOHA OCEBOMY CIKATHIO JIIS TIPECTBHBIX
COCTOSIHMI BTOPOH I'PYIIIbL:

Rb’ ser:Rbn= 11 MITa .

PacueTHOE 3HaYEHNE CONPOTUBICHHA OETOHA OCEBOMY PACTSHKEHHIO JUTS
npeaesbHBIX COCTOSHUH BTOPOH TPYIITIEL:

Rot, ser = Rbtn = 1,1 MIla .

MoOMEHT WHEPIMH IUIOMIAACH CeUeHHs PACTSHYTOM apMaTyphbi:
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Is = As (h-as-ye) 2 = 0,00016 - (0,3-0,03-0,1519) 2 = 0,000002232 M4 =223.2 cM 4 .

MoMEHT MHEPLUH MJIOIAAEH CEUCHUS CXKATOM apMaTyphl:
I's = A's (ye-a's) 2 =
=0,000057 - (0,1519-0,03) 2 =0,000000847 M4 =847 cm 4 .

MOMEHT HHEPLMH NPUBEICHHOTO IIONEPEIHOTO CEUCHHE:
Tred =1 +Is (as-1)+I's (as-1) =
=0,000337662+0,000002232 - (8,33333-1)+0,000000847 - (8,33333-1) = 0,000360241
M4=36024,1cm4.

pryFI/Iﬁ MOMCHT COIIPOTHUBJICHU IPUBCACHHOTO CCUCHUS:

Wred = Ired/yt = 0,000360241/0,1481 = 0,00243 m 3 =2430 cm 3 .

Paccrosire 0T LEHTpa THKECTH MPUBEACHHOTO CEUCHHUS 0 SAPOBOH TOUKH,
HanboIee YIANCHHON OT PacCTSAHYTOH 30HBI
ex = Wred/Ared = 0,00243/0,04659 = 0,05216 M = 5,22 cM .

MomeHT 00pasoBaHus TPEILMH OMPEICISETCS - ¢ YI€TOM Heynpyrux aedopmanii.

pryFOHJ'IElCTI/I‘leCKI/Iﬁ MOMCHT CONTPOTHUBJICHUS CCUCHUS!

Wpl = 1,3 Wred = 1,3 - 0,00243 = 0,00316 M 3 = 3160 cm 3,

W3rubarommuit MOMEHT, BOCIPHHAMAEMBI HOPMATIEHEIM CEYCHHEM JIEMEHTA TIPH
06pa30BaHI/II/I TPEIINH:
Mcrc = Rbt, ser Wpl = 1,1 . 0,00316 = 0,00348 MHwM = 0,35 TCM.

T.x. M=0,022 MH M = 2,24338 Tc M > Mcrc = 0,00348 MH M = 0,35486 Tc M :

Tpemunbl 00pa3yroTcsL.
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KecTkoCTh Kene300€TOHHOIO DIEMEHTA Ha YIACTKAX C TPEIIMHAMHY B PACTIHYTOH

30HE IPU KPATKOBPEMEHHOM JCHCTBUN HAIPY3KU

IpeaBapuTeNBHO ONPERLISIOT K03(hGUIIEHT s 10 hopmysie (8.137) m. 8.2.18 CI1
63.13330.

Onpenenenne ko3bduimenta ys

Jedopmariu B apMaType - He 3a/1aHbL.

OnpenencHne HanpsOKeHUH B PACTAHYTOR apMaType

[MpuHUMaeMast OTHOCUTENbHAS AedopManus OeToHa:
€b1, red = 0,0015 .

PacueTHOE 3HAYCHUE COMPOTHBIICHUS OETOHA OCEBOMY CKaTUIO AJis NPEACIbHbIX
COCTOSIHUI BTOPOi I'PYIIIIEL

Rb,ser:Rbn: 11 MIla.

TIpuBeaeHHbI MOAYb AedOpMalMU CKAaTOro OeTOHA:

Eb, red = Rb, ser/eb1, red = 11/0,0015 = 7333,33333 MIla .

Kos(hdurmeHT npuBeaeHNs CKATOM apMaTyphl K OETOHY:
os1 = Es/Eb, red = 200000/7333,333 =27,27273 .

HanpsokeHus B pacTAHYTOH apMaType ONpEeatOTCA IPH Ols2 = Os]

le/l OTOM NPUHUMACTCA AN 3T nOAEMBIX JIEMEHTOB V¢ = Xm - BEICOTA cxKaroi

301 OeToHA, onpenenseMas mo 1. 8.2.28 CIT 63.13330.
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Koaddurnment npuseaenus pacTsHyTOH apMaTypsl K OETOHY:
os2 = Os1 = 27,27273 .

OnpeneneHne cpeaHel BEICOTHI CKATOM 30HBI JUISL H3THOAEMLIX SIIEMEHTOB

Koabdurnment apMupoBasus:
ps = As/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

KoaddurmenT apMupoBaHus C:kaToi HEHAPIraeMoi apMaTypel:

w's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

CpermHsis BbICOTA CXKATOM 30HBI OETOHA:

Xm = ho (\/ (Jis Qsa+'s Ots1)2+2 (s Qsatpi's sl a'fho) (s as2Ht's os1)) =

=027 - (V (0,00395 - 27,27273+0,00141 - 27,27273) 2+2 - (0,00395 -

27,27273+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 27,27273+0,00141 - 27,27273)) =
0,09427 M=943 cMm .

OnpenenacHne cpeanHeii BEICOTEL COKATOM 30HEI OETOHA

Pacuer Bezercs no npubmwkensod Gopmyie (8.154 CIT63.13330).

BrIcoTa cKaToi 30HblI M3ridacMoro 3JIEMEHTA!
XM =Xm = 0,09427M =943 cm .

PaccrosHIE 0T HanboJiee C)KaToro BOJIOKHA 0 IIEHTPA TsHKECTH IIPHBEICHHOIO
cedeHus 63 yIeTa pacTsaHyTOM 30HbL

Vem = Xm = 0,09427 M =943 cm .
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MomeHT nHepLUUH IUIOMEANE ce4eHUs pacTSHYTOH apMaTyphl:

Is = As (h-as-yem) 2 = 0,00016 - (0,3-0,03-0,09427) 2 = 0,000004941 M4 = 494,1 cm 4.
MomeHT nHepIUH IIOMAAeH CEYEHUs CKATOi apMaTyphl:
I's=A's (}’cm-a's) 2=

=0,000057 - (0,09427-0,03) 2 = 0,000000235 M 4 =235 cm 4 .

OrnpenencHue MOMEHTa HHEPLUH CHKATOW 30HBI GeTona

In=bxm3/3=0,15-0,09427 3/3 =0,000041888 M4 =4188,8 cMm 4 .

TTnowans ceueHus OeToHa;

Ap=bxm=0,15-0,09427=0,01414 m2=141,4cm 2.

MomeHT HHEPIHUH ITPUBEACHHOI'O MOMCPCHHOrO CCUCHU:
Ired = To+ls as2+l's 051 =
=0,000041888+0,000004941 - 27,27273+0,000000235 - 27,27273 = 0,000183052 M4 =
183052 cm 4.

HJTOIJ.[aZ[B HpHBeI[@HHOFO HOHCpe‘IHOFO CCUCHHUA.
Ared = AptAs as2tA's ag1 =
=0,01414+0,00016 - 27,27273+0,000057 - 27,27273 = 0,02006 m 2=200,6cm?2.

PaccrosiHue oT Hanbosee CKaToro BOJIOKHA B OETOHE 10 LCHTPA TOHKCCTH

TPUBEAECHHOTO CEUECHUS:
ye=Yem = 0,09427M=9,43 cM .

os = (M (ho-yc)/Ired) 0ts1 =
= (0,022 - (0,27-0,09427)/0,000183052) - 27,27273 = 576,00032 Mlla .
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Hanpsbkenus o5, crc onpenensrores npu M = Mere.

Hanpsbkenus B MpofoIbHOM PaCcTAHYTOM apMaType B CEUCHUHU C TPELIUHOM cpasy
mocie 00pa3oBaHus HOPMATBHBIX TPCIIHH:
Os, crc — (Mcre (ho'YC)/ Tred) as1 =
=(0,00348 - (0,27-0,09427)/0,000183052) - 27,27273 =91,11278 MIla .

Tk. Os = 576,0003 MIla > Os, crc = 91 ,] 1278 MI1a :
Koapdumment, yunrbiBatomuii HepaBHOMEPHOE PACHIPE/ICTICHHE OTHOCHTENBHBIX
aeopmarit:

ys = 1-0,8 o5, crc/os = 1-0,8 - 91,11278/576,0003 = 0,87345 .

3Havenne Moayis aedopmartiu cxkaroro 6eToHa npuHUMaroT no Gopmyie (6.9) juis

Harpy3ok HETIPOAOJDKATEIIBHOTO JICHCTBHUA.

OnpenencHNe MTPUBEACHHOTO MOYJIS YIIPYTOCTH MPH KPATKOBPEMEHHOM JICHCTBUN

H 3K

[TpunuMaeMas OTHOCUTENbHAS AchopMariis OeTOHA:
€pbl, red = 0,0015 .

TTpuBeaeHHBIH MOAYTH Ae(opMaliK CKATOTO OeTOHA;

Eb, red = Rb, ser/eb1, red = 11/0,0015 = 7333,33333 MI1la .

KoahdunueHT npuBecHUs CXKaTOH apMaTypbl kK 6ETOHY:

os1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

[TpuBeneHHbIH MOIYIH AeopMaIiK pacTAHYTOMH apMaTyphl:
Es, red = Es/ys = 200000/0,87345 = 228977,04505 MIla .
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Koah¢urment npuBeseHus pacTSHYTOH apMaTyphl K OCTOHY:
as2 = Es, red/Eb, red = 228977/7333,333 = 31,22414 .

Moaysns aedopmanuu cxaroro GeToHa:
Eb1 = Eb, red = 7333,333 MIla .

OnpeneaecHue MOMEHTA UHEPLUUHU MMPUBEACHHOTO CCYCHUS

QnpenencHne CpeAHEi BRICOTEI CKATOM 30HEI TSI W3THOAEMBIX SJIEMEHTOR

Koa¢puiment apmMrUpoBaHus:
s = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koshduiment apMupoBanus ©KaToil HCHANPATaeMo# apMarypébi:

W's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

Cpenusd BhICOTa CKATOl 30HBI GETOHA:

Xm = ho (\/ (1bs Os2t /s Os1) 242 (s as2tt's (s a'tho) ~(ps as2Ht's 0s1)) =

=027 - (V (0,00395 - 31,22414+0,00141 - 27,27273) 2+2 - (0,00395 -

31,22414+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 31,22414+0,00141 - 27,27273)) =
0,09954 M =995 c™ .

PaccrosHue 0T HanboJIee CHKATOr0 BOJIOKHA /IO EHTPA TSDKECTH TPUBEACHHOTO
cedeHns O3 yIeTa pacTsHYTOH 30HBI:

Vem = Xm = 0,09954 M =995 cm .

PaccrosHue ot Hanbojiee CKaTOro BOJIOKHA B OETOHE 10 LOCHTPA TSHOKECTH
MPUBCACHHOI'O CCUCHMUA:

Ve =yem = 0,09954 M =995 cm .
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On[geg!eneHI/Ie MOMECHTA HHECPIIUA CXKaToii 30HbI O€TOHA

In=bxm 3/3=0,15 - 0,09954 3/3 = 0,000049313 M4 =49313 cm*.

IImowans ceuenus OeroHa:

Ap=bxm=0,15-0,09954 =0,01493 M2=1493 cm 2.

MOMEHT HHEpLUH IUIOLAACH CEYEHHs PaCTAHYTON apMaTyphbl:

Is = As (h-as-yem) 2 = 0,00016 - (0,3-0,03-0,09954) 2 = 0,000004649 M 4 = 464,9 cm 4 .

MoMEHT MHEpIMH ILIOIAAEH CEUSHUS CKATON apMaTy eI
I's=A's (}’cm'a's) 2=
=0,000057 - (0,09954-0,03) 2 = 0,000000276 M4 =27,6 cM*4 .

MOMEHT MHESPUUH IIPUBEAEHHOTO TTOTIEPEYHOTO CEUEHUSL:
Ired = Ibt1s as2+]'s cis1 =
= 0,000049313+0,000004649 - 31,22414+0,000000276 - 27,27273 = 0,000202001 M 4 =
20200,1 cM 4.

HJ'IOH.[&I[B HpI/IBeI[eHHOl"O TIOTICPCYHOI0 CCUCHUA:
Ared = AbtTAs as2+A's 051 =
=0,01493+0,00016 - 31,22414+0,000057 - 27,27273 =0,02148 M2 =214,8 cm 2,

UsrubHas >keCTKOCTb:

D = Eb1 Ired = 7333,333 - 0,000202001 = 1,48134 MHM2=151,05Tc M2 .

BoIcoTa cxkaroii 30HbI OeTOHA!

Xo = Xm = 0,09954 M =995 cm .
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Hauganenas otHOCHTEIEHAS Z[C(DOPMHLII/ISI cxaroro 6eToHa 710 YCHJICHU A

KOHCTPYKIIUH:
€ % = Mo/(Eb1 Ired) Xo =
=0,022/(7333,333 - 0,000202001) - 0,09954 = 0,00148 (hopmymna (6.4);, m. 6.2.4 ).

Havanenas oTHocuTenbHAs nedopmalus CTaIBHOM apMaTypel 10 YCUICHAS

KOHCTPYKIIUH:
€ 05 = Mo/(Eb1 Ired) (hO'XO) =
=0,022/(7333,333 - 0,000202001) - (0,27-0,09954) = 0,00253 (popmymna (6.3); m. 6.2.4 ).

€52 =0,015.
HauanbHele nedopmaruu pacTsSHyTO TpaHu CEUEHNS:
£ %yt = (e 9 hte Oy a)ho =

=(0,00253 - 0,3+0,00148 - 0,03)/0,27 = 0,00298 (popmya (6.14); 1. 6.2.10 ).

Rf=230,0368 MITa < (gs2-€ %) Er = (0,015-0,00253) - 35000 = 436,45 MITa

YCIIOBHE BBIIOMHEHO ((hopmyma (6.1);, m. 6.2.10 ).

OnpenenaeHne TPAHUYHON OTHOCHTEILHOM BEICOTEI CKATOM 30HEI

XapakTeprcTHKA CHKaTOM 30HbI OETOHA:
0=0,8.

OrrocutenpHas nedopmarms 6eToHa:

€h2 = 0,0035 .

I'paHWYHAs OTHOCHTEINILHAS BBICOTA CHKATOM 30HEL:
ER, £= o/(1+(ef, ult+e Ob)/eb2) =
= 0,8/(1+(0,00657+0,00148)/0,0035) = 0,24242 (hopmyna (6.2); m. 6.2.3 ).
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Pacuer n3ruGaeMbIX 3JeMEHTOB

3HAYCHNE MOAYIIS VITPYTOCTH apMaTyphl

Moaymbs yIpyrocTH HEHANPSTaeMOoii apMaTyph;
Es =200000 MITa .

TInomane NonepevHOro ceYeHUs BHEUIHEHN apMaTypsl U3 KOMIIO3UTHBIX
MaTepHaios:

Af =n trbr =1 0,0009 - 0,15=0,000135m2=1,35¢cm2 .

TIpuBENEHHOE 3HAYEHNE TOMIMMHEL 3AIIATHOTO CI0s PACTSAHYTOM ApMATYPHI:
a= RS As as/(Rs A5+Rf Af) =
=435 -0,00016 - 0,03/(435 - 0,00016+230,0368 - 0,000135)=0,02074 M =2,07 c™ .

ITpuBeneHHOE 3HAUECHHE TONIMHEI 3aIUTHOTO CJI0s CKATOH apMaTyphbi:

a=as=003M=3cMm.

PaGouas BeIcOTa CEYECHUS:

hg =h-a=0,3-0,02074 = 0,27926 M =27,93 cm .

BricoTa cxaroit 30HHL:
X = (Rs As-Rsc A'stRFAF)/(Rp b )=
= (435 - 0,00016-400 - 0,000057+230,0368 - 0,000135)/(8,5 - 0,15)=0,06106 Mm = 6,11
cM (popmyna (6.7); . 6.2 ).

OTHOCHUTEILHAS BBICOTA CYKATOM 30HBIL:

& =x/h=0,06106/0,3 =0,20353 .

Tk &=020353 < &R, £=0,24242;x>0M=0cM :
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TIpenenpHbIi n3rudaromuii MOMEHT:
Mult =Rb b x (ho-0,5 x)+Rsc A's (ho-a's)TRf Af a =
=8,5-0,15-0,06106 - (0,27926-0,5 - 0,06106)+400 - 0,000057 - (0,27926-
0,03)+230,0368 - 0,000135 - 0,02074 = 0,02569 MH ™ = 2,62 1c M (popmyna (6.6); 1.
6.2.7).

BriBoa: MPOYHOCTHL JKeJ1e300€TOHHOI0 CeYEeHUus1 ¢ YueToOM BHENIHEro

ApMHPOBAHHUSI X0JICTOM COCTaBJIsieT 2,62 T¢c M
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Ipnaoxkenne I Ilpumep  pacuera  yCHJIGHHSI  CKATOI

JKeJ1e300eTOHHOH KOHCTPYKUMH XOJICTAMH

TpeGyeTCﬂ OonpeaciuTb NPOYHOCTL CXKATOIO JKEJ1e300€ TOHHOTO NpAMOYTOJILHOTO
CCUCHMA BJICMCHTA, YCUJICHHOTO XOJICTOBBIM KOMITO3UTHBIM MaT€pruajiom

Hugpopmarms o pacyer e

Pacuer BoimonaeH B cootBeTcTBuH ¢: .. 6.1.11 CIT163.13330;6.1.12 CIT
63.13330;6.1.15 CIT1 63.13330;6.2.8 CIT 63.13330;6.2.12 CIT 63.13330;6.2.11;8 CIT
164.1325800.2014 Ycunenue xene300€TOHHBIX KOHCTPYKIUiT KOMITO3UTHBIMA
MarepraiaMu;

Jara BeImonHeHus pacuera: 27.06.2016 13:42:54;

Hcxonmpie 1aHHEBIC,

3aKpYIICHUS:
- Pamwnyc 3akpyrinerns rpaneit ceaennsa r =2 cm =2 /100 = 0,02 wm;

XOMYTHI M3 KOMIIO3UTHOTO MaTepuaia;

- [ITuprHa XOMYTOB M3 KOMIO3WUTHOTO MaTepuaia wf =5 cM = 5/ 100 = 0,05 Mm;

JOnOJIHUTENbHBIE XaPAKTEPUCTUKN KOMIO3UTHBIX MATEPUAIOB:

- Uncno ¢noeB KOMIIO3UTHBIX MaTepraIoB N =2

XapaKkTEPUCTUKHA KOMOO3UTHbBIX MAaTEPUATIOB:

- TonmmHa KoMIIo3uTHOTO Marepuana tr = 0,9 Mm;

- HopMmaTtuBHOE 3Ha4YeHNE COMPOTHRIIEHHMS PACTSHKEHUIO KOMIIO3UTHOIO MaTeprana
Rf, n =470 MIla,
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- HOpMaTHBHOG 3HAYCHUE MOAYJIS YIIPYTOCTH KOMIIO3UTHOT'0 MaT€pHasa Eﬂ n=

35000 MITa;

SalIATHBIHA CIOM:

- PaccTostHMEe OT paBHOACICTBYIOMICH YCHIIMH B apMaType S 0 TPaHH CEYCHHS
as=3cM=3/100=10,03 m;
- Paccrostaue OT paBHOACHCTBYOMIEH yCuTHil B apMatype S' 10 TPaHH CEUCHHS

as=3cmM=3/100=0,03 m;

Imomaae HeHanpAraeMoi HanbGoliee pacTIHyTOM NPOAOABHON apMATyPhL:

- [Inomane HEHANpATaeMoii PacTIHYTOH apMaTyphl
As=1,6cm2=1,6/10000=0,00016 m 2;

ITnomanas HEHAIPATaeMOii CXKATOM MJIM HAMMEHEES PACTSIHYTOM MPOAQJIBHOMN

apMaTyphl:

- [Lnomans HeHanpsraeMoii cxkatol apmMarypet A's = 0,57 em 2 = 0,57 / 10000 =

0,000057 m 2;

Pazmepsbl ceueHus:

- Bricota ceuerngs h=20cm=20/100=0,2 m;

- Mupuna npsamoyroabHoro ceueHus b =20 cm = 20/ 100 = 0,2 M;

PazmMeprl snemenTa:

- J_'Lnyma OJIEMCHTA UJTH PACCTOAHUAC MEXKIY TOUKaAMU 3aKPCIIIICHUA

1=300 ¢cm=300/100 =3 m;

Ycunus:
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- Mzrnbarommmit MomenT M = 0,5 ¢ M = 0,5/ 101,97162123 = 0,00490333 MH M;

- Ilpopomshas cuwna N = 11 7¢=11/101,97162123 = 0,10787315 MH;

- W3rubarommii MOMEHT OT MOCTOSIHHOM M JUIUTENbHON HATPY3KH
M1=0,31cm=0,3/101,97162123 =0,002942 MH ™;

- IlpoponbHast cuna 0T IOCTOSIHHOM M [UTUTENBHOR HArpy3Ku
Ni=121c=12/101,97162123 =0,1176798 MH;

Pe3yviasT ar b1 pacyer a:

1) PacueTHOE COMPOTHBIECHHE OETOHA

BertoH - TsDKemBIi.

HopwmaTtneHOE 3Ha9YEHIE COTPOTHBIIEHUS OETOHA OCEBOMY CIKATHIO JUTS
TIpEJeTIHFHBIX COCTOSHUH MEPBOM rpymnisl MpuHUMaeTcs no tabn. 6.7 CI163.13330 Rpn =
11 MITa .

HopMaTuBHOE 3HaUEHHE CONPOTHRICHNS OETOHA 0CEBOMY PACTSDKEHHMIO IS
MIPEAETBHEIX COCTOSHUI MEPBOM TPyITEl MPHHUMAETCs 110 Tadn. 6.7 CIT63.13330 Ryt =

1,1 MIa.

PacuetHO€ compoTurIeHNEe OETOHA OCEBOMY CXKATHIO mpuHUMaeTcs 1o Tadi. 6.8 CI1
63.13330 Rp = 8,5 MIIa.

PacueTHOE cOMpOTHBIECHHE OETOHA 0OCEBOMY PACTHKEHUIO IPUHUMAETCS 110 TablL.
6.8 CI163.13330 Rpt = 0,75 MITa .

2) Yder ocobeHHOCTEH paboThl O€TOHA B KOHCTPYKLIHU

Pacuer Ha neiicTBue Har PY30K - MOCTOSHHBIX, IJIUTCJIbHBIX M KPATKOBPEMCHHBIX.

KoagpdummenT ycnoBus paboTs 6€TOHA, YUUTHIBAONINHA JTHTEIBHOCTE NeHCTRAS
HarpysKu:
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v1=1.
KoncTpykuus 6eToHUPYETCS - B BEPTUKAIBHOM MOJIOMKCHHH.
Bricota crost 6eTonrpoBanus - He 6osiee 1,5 M.

Koadduument ycnosus pabotsl OeTOHA, YUUTHIBAIOLIMHA TOMEPEMEHHOE

3aMOpaKMBaHKE M OTTauBaHue OETOHA:

w3=1.

KoapdumenT ycnosus paboTel O€TOHA, yUUTHIBAIOIMI XapaKTep pas3pyLeHHs

OGETOHHBIX KOHCTPYKITHIA:

Yo4=1.

J71s Han3eMHON KOHCTPYKLIAH, IIPH PacuETHOM TeMIIepaType Hapy>KHOTO BO3/yXa B

3uMHHMI epuo He MeHee -40 rpan.:

Kos@bunueHT ycnosus paboTsl GeTOHA, YUHTHIBAIONINI BIMSAHAE NONEPEMEHHOTO

3aMOpaKUBaHNA U OTTANBAHUA:

Yb5=1.
I'pynma npenenpHbIX COCTOSHUMN - TIepBas.
KoHcTpyKuusl - jkene300eToHHas.
CellcMIYHOCTD IUTOIIAAKH CTPOMTENBCTBA - HE 00jiee 6 OaIOB.

Koa¢dunuent ycnopus pabotel mo 1. 2.14 CHull 11-7-81 "CTpouTensCTBO B
ceficMpueckux paioHax":

mkp=1.

PacuetHOE conpoTHBIEHrEe GETOHA OCEBOMY CHKATHIO Mpu Mkp = 1:

Rb = vb1 Yb3 Yb4 Yb5 Rp =
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=1-1-1-1-85=85MIla.

PacuerHOe conpoTuBienne GeTOHA 0CEBOMY CHKATHIO:
Rb = mkp Yb1 Yb3 Yb4 vb5 Rp =
=1-1-1-1-1-85=85MIla.

PacueTnoe conpotupnenne GETOHA OCEBOMY PaCTHKEHHIO PU pacueTe Ha AeHCTBHE

MONECPCYHBIX CHJI

Rpt=7vb1 Rot =1-0,75=0,75 MIla .

PacueTHoe conporuBienne GeTOHA 0CEBOMY PACTKEHHIO:

Rbt=mkp vb1 Rbt =1-1-0,75=0,75 Mlla.

3) Onpenenenue 3HaUeHHs HAYATBHOTO MOJTYJISl YOPYTOCTH GETOHA

HavaipHeli Moxyns yripyrocts mpuHEMaeTcs no tadn. 6.11 CI163.13330 Ep =
24000 MITa .

4) PacueTHbIe 3HAYCHHUS IPOUHOCTHBIX XAPAKTEPHCTUHK APMATYPhI
BBoawnTes - kinacc apmarypbl.

IIpenBapuUTENBHOE HANPKEHUAE APMATYPHI - OTCYTCTBYET.

Knacc neHanpsraemoii mpoaonbHoi apmarypsl - A500.

PacueTHOE CONPOTHEBIIEHHE TIPOJONIBHOM apMaTYPHI PACTSDKCHHUIO:
Rs=435MIla.

Pacuernoe CONPOTHUBIICHUEC HeHanparaemoﬁ apMaTypbl C)KaTHIO (IU'[H apMaTyphbl
B500, A600):
Rsc =400 MIla .

TTonepeynas apmarypa - HE pacCMaTPUBACTCA B JAHHOM PacyeTe.
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PacueTHOE COPOTUBICHUE IPOJONIBHOM apMATYPHI PACTSKCHHUIO:
Rs =mgp Rs=1-435=435MIla.

PacuerHoe COMPOTHUBJICHUC HeHaHpﬂrﬁeMOﬁ apMaTyphl C)KaTUIO (Mﬂ apMaTypsl
B500, A600):
Rsc = Mkp RSC =1-400=400 MIla .

KoapduryeHT HaIeXHOCTH 1O apMaType:
Ys = 1,15 .

HopMaTHBHOE 3HAYEHHME CONPOTHBIICHHS HEHATIPATAEMOM APMATYPHl PACTKEHHIO |
Rs,n=mkp ysRs=1- 1,15 - 435 = 500,25 MIla .

HopmaTuBHOe 3Ha9EHIE CONMPOTHRICHA HEHAIIPATACMOil apMaTypbl OCEBOMY
CKATHIO;

Rsc,n:mkp vsRsc=1"1,15- 400 =460 MIla .

5) 3HaueHne MOIVIIA YIPYTOCTH ApMATyPhI

Monynb yIpyroCTH HEHAMPSTAEMOl apMaTy Pl
Es =200000 MI1a .

6) PacueT BHEIICHTPEHHO-CHKATHIX HIEMEHTOB IIPAMOYIOIBHOIO (KPYIIIOTO) CEUSHHMS

C YCUJIEHWEM MYTEM YCTPONHCTBA BHEMTHETO APMUPOBAHUS U3 KOMITO3UTHBIX MAaTEPUAJIOB

B cootsercTBrH ¢ 1. 4.10 MpH YCUIEHUH CKATHIX KOHCTPYKIMA MUHUMAIIEHO
JIOIyCTUMBIH (hakTHYEeCKUi Ki1acc OETOHA [0 IPOYHOCTH HA CXKATHE CYIIECTBYIOLIEH
KOHCTPYKLIMH, YCHITUBAEMOM BHEIITHUM apMUPOBAHUEM U3 KOMIIO3UTHBIX MaTePHAJIOB,

TIOJDKEH COCTaBIATH HEe MeHee B10.

B > 10 MITa - ycnoBue BEITIOTHEHO .
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7) OnpenesicHUE 3HAYEHU HAYAIHHOTO MOAYIIS YVIIPYTOCTH OETOHA

HavanpHEIi MOJyJIb YIIPYrOCTH MpHHUMAeTCs 1m0 Tabn. 6.11 CIT163.13330 Ep =

24000 MITa .

8) OnpenencHye pacueTHON UIMHBI BHEIEHTPEHHO-CHKATOrO DJICMEHTA

DNIEMEHT - ¢ MAPHUPHBIM OMHMPAHNEM HA IBYX KOHIAX.

PacuerHnas qyiMHa 37€MeEHTA:
lo=1=3M=300¢cMm.

CeueHue KOJIOHHBI - MPIMOYTOJIBHOE.

KoaddummenT npuBeaeHns HEHANPATaeMOH apMaryphl K 6eToHY:
os = Eg/Ep = 200000/24000 = 8,33333333 .

Pabouas BEICOTA CCUCHUS:

ho=h-as =02-0,03=0,17mMm=17 c™m.

ho=ho=0,17M=17cMm.

Paccrosane ot Hanbojiee ¢KATOr0 BOJIOKHA B OETOHE JI0 TICHTPA TAKECTU
MIPUBCACHHOTO CCUCHUS!

ye=W2=0,22=0,1mMm=10cm.

Paccrosaue ot Hambonee PacTAHYTOrO BOJIOKHA OeToHa 0 LCHTPA TsKECTU
MPUBECACHHOTO CCUCHMA!

Vt=yc=0,1Mm=10c™m.

YcuneHue BHEIMIHUM ApPMUPOBAHHUEM U3 KOMIIO3UTHBIX MATEPHAATIOB - B ITONIEPETHOM

HaIPaBIICHIH.

IInomwans ceyenus:
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A =bh-(dr 2-mr 2)=
=02 - 02-(4 - 0,022-3,14159265 - 0,02 2) = 0,03965664 m 2 = 396,57 cM 2 .

TLromanas ceueHus OcToHa:
Ap = A -A's-As = 0,03965664-0,000057-0,00016 = 0,03943964 m 2 = 394,4 cm 2,

IDomap IPUBEIEHHOTO MOMEPEYHOTO CEUEHHS
Ared = 05 (AstA's)TAp =
= 8,333333 - (0,00016+0,000057)+0,03943964 = 0,04124797 m 2=41248cm 2.

MoMeHT HHEPIUH GETOHHOTO CEYEHHS] OTHOCHTENBHO LIEHTPA THKSCTH
MPUBEACHHOTO CEUCHUS:
I=bh3/12+r 2(1,785h2-3811r h+2,591 2)=
=0,2-0,23/12+0,022 - (1,785 - 0,2 2-3,81 - 0,02 - 0,2+2,59 - 0,02 2) = 0,00015621 m 4 =
15621 cm 4.

Paguyc vHEpLIUHN CEYCHU:

i=V1i/a=vV 0,00015621/0,03965664= 0,06276195 m = 6,28 cM .

B cooTBeTBeTCTBUM C II. 6.2.12 B HAYATEHOM SKCIICHTPUCUTETE TPUIIOKEHUS
MPOIOJbHOM CUJIBI CIEAYET YUUTHIBATh CJ1y4aiiHblil SKCUEHTPUCHTET, TIPHHUMAEMBIi 11O

CIT 63.13330.

9) OnpeneneHye SKCIEHTPUCUTETA

CrydaifHeli SKCHEHTPHCHUTET:
ea = max(1/600 ; b/30 ; 0,01) = max(3/600:0,2/30;0,01)= 0,01 m=1 cu .

DNEMEHT - CTATHYECKH HEONPEASIMMOi KOHCTPYKLMH.

QKCLLQHTPI/ICI/ITGT HpOL[OJ'IBHOﬁ CHJIBI OTHOCHTECJIBHO LEHTPA TSXKECTH MPUBCACHHOTO

CCUCHUS!
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€o = M/N =0,00490333/0,1078731 = 0,04545461 M =4,55cm .

T.K. €0=0,04545461 M =4,545461 cMm 2 €3 = 0,0l M= 1 cMm :

JJI OJICMCHTOB CTATUUCCKU HEOIPECACTINMBIX KOHCT’pyKLlI/Iﬁ 3HA4YCHHUC
OKCLOCHTPUCUTETA lTpO[[OJTBHOﬁ CHWJIBI OTHOCUTECIIBHO IICHTPA TSKCCTU IIPUBEACHHOTO
CCUCHUS TPUHUMAIOT PaBHBIM 3HAYCHUIO OKCHCHTPUCUTETA, ITIOJTYYCHHOT'O U3

CTaTHYCCKOro pacycTa U HC MCHEC €3

10) IMpomomkenwne pacdera mo 1. 6.2.11 CIT 164.1325800.2014

Tx h/b=02/02=1<15M=150cm:

Heobxoaumo YCHJICHUC JKeNe300€TOHHEBIX YJIEMEHTOB MyTEM yCTpOﬁCTBa BHCIITHECTO

ApMUPOBAHUA U3 KOMIIO3UTHLIX MaTCPHAJIOB.

PacueTHOe 3HaYCHNE MOIYJIS YIPYTOCTH KOMIIO3UTHOIO MaTepraa:

Ef=Ef, n = 35000 MI1a .

11) 3naueHne MPUHATO JJII KOMIIO3UTHOI'O MaTepuaga COCTOSIEro U3

YIJICKOMIIO3UTA.

Bug koMnosuTHOTO Marcpuaia - TKaHBIH Marcpual.

YenoBus SKCIUTyaTal|y KOHCTPYKIIHH - HA OTKPHITOM BO3IyXE.

Koadduument ycnopnii paboTsl, 3aBUCAIMIT OT THIA KOMITO3UTHOTO MaTepuaia 1
YCIOBUIf SKCILTyaTaMi KOHCTPYKITHIL

vf1 =0,8.
3HaueHne MPUHATO U1l KOMIIO3UTHOTO Marepuasa COCTOSALIETO U3 YTIIEKOMITO3UTA.
Koappurment Haae:xxHOCTH MO0 KOMIO3UTHOMY MaTeprany:

yr=12.
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Kos(uiment ycaoBuii paboThl KOMIIO3UTHOTO MaTepUana NPUHUMAETCS PaBHEIM |

KoaddurmenT ycaoBuii paboThl KOMIIO3UTHOIO MaTepUaia, yYUTHIBAIOLIMIA

CICIUICHUE KOMIIO3UTHOTO MaTepuasa ¢ GETOHOM:

2=1.

Re= vf1 v£2 R, n/yf=
=08 1-470/1,2=313,33333333 MIla (popmyna (5.1); . 5.2.5 ).

IIpenenbHOE 3HaYCHUE OTHOCUTEIBHOH Je(hopMaLiiii KOMITO3UTHEIX MaTepHaIIOB
CUCTEMBI BHELTHETO apMUPOBAHHUSI:

ef, ult = Re/Ef = 313,3333/35000 = 0,00895238 (opmyna (5.4); . 5.2.5 ).

12) PacyeT BHEIEHTPEHHO-CHKATHIX DJIEMEHTOB, YCHICHHBIX BHEIIHUM

APMHUPOBAHNEM U3 KOMIIO3UTHBIX MAaTCPHATIOB B MONEPEYHOM HANIPABJICHHUH

r 20,02M=2cM - yCIOBHE BHIIOIHEHO .
13) lNpomomxenne pacuera no n. 6.2.15 CIT 164.1325800.2014

Inowans oxpaueHHOro 0GONMOI ONEPEYHOro CeueHus GETOHA:

Ab=A =0,03965664 M2 =396,57 cm 2 .

Kosddurment addextrprocT 060HMET:
ket =1-((b-21)2+(h-21)2)/(2 b h) =
=1-((0,2-2 - 0,02) 2+(0,2-2 - 0,02) 2)/(2 - 0,2 - 0,2) = 0,36 (popmyna (6.24); m. 6.2.15 ).

[TuprHa KOMIIO3UTHOTO MAaTEPHANA:
bf =2(b-21+h-2r)2nr =

=2-(0,2-2-0,02+0,2-2 - 0,02)+2 - 3,14159265 - 0,02 = 0,76566371 m = 76,57 cM .
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Thromwanp MONEPEeYHOro CCUCHNS BHEIIHEH apMaTyPhl U3 KOMIO3UTHBIX

MarepualioB:

Ar =1 trbr =2 - 0,0009 - 0,7656637 = 0,00137819 M2 =13,78 cm 2.

Koahpurment apmupoBaHist KOMITO3UTHOTO MaTepyraa;

= Af/Ab = 0,00137819/0,03965664 = 0,03475307 (popmyra (6.26); . 6.2.15 ).

Bu 000iiM - CIIIOIIHEIE.

PaccTostHie MEXAY OTACTBHBIMU BUTKAMU O0OHMEL:

Sw=0M.

KoadpummenT, yIuTHBAIOMII HAMIHE Pa3PEIBOB [0 BHICOTE 0OOWMBI:

kezl.

PacuetHbie 3HaUCHHS CONPOTUBJICHUS 0OeTOHA CXKATHIO B OCCBOM HarpasBJICHUH:

Rb3 =Rptkef ke Rf pf =
=8,5+0,36 - 1 - 313,3333 - 0,03475307 = 12,42014588 MIIa (hopmyna (6.23); m. 6.2.15

).

Iar Haxnelky B CBETY 3IEMEHTOB YCHJICHHS H3 KOMIIO3UTHOTO MaTepHana:

Sf =s'w=0M.

J1s ckaThIX KOHCTPYKIMIf TPOBEPKA KOHCTPYKTHBHBIX TpeOOBaHMH 1Is 1Iara

HAKJICHKY B CBETY HE BBIIOJIHIETCS B COOTBETCTBUU C II. 8.23.

14) Onpenencurie kK0>HOUIIHEHTA, VUNTBIBAIOIIETO BIMIHHE IPOrHOa Py pacuere

KOHCTPYKIWH 1o HeleopMUpOBaHHON cxeMe

Koadpuuuent:
e = eo/h = 0,04545461/0,2 = 0,22727305 .

PaGoyas BricoTa CeUeHHUS:
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ho=h-a3=0,2-0,03=0,17mM=17 c™ .
h'o=hp=0,17Mm=17cm.
T.x. lo/i =3/0,06276195 = 47,79966206 > 14 :

MomenT MHepIWH Beeit IPOOIBHOIM apMATyPbl OTHOCHTEIILHO IIEHTPA THKECTH

CEUCHHS JIEMEHTA:
Is = As (yt-as) 2+A's (yc-a's) 2 =
=0,00016 - (0,1-0,03) 2+0,000057 - (0,1-0,03) 2= 0,00000106 m 4=106cm4.

MOMEHT OTHOCHUTENBHO LIEHTPA APMATYPHI AS OT IIOJHOM Harpy3KH:
Mj = abs(M)*+N (yt-ag) =
= abs(0,00490333)+0,1078731 - (0,1-0,03) =0,01245445 MH M= 1,27 Tc M .

MOMEHT OTHOCHTENEHO HEHTPA APMATYPLL AS OT MOCTOSHHBIX M JUTATEITBHBIX
Harpysok:
M1 = abs(M1)+Nj (yt-as) =
= abs(0,002942)+0,1176798 - (0,1-0,03) = 0,01117959 MHmM= 1,14 Tc M .

Koa(huimenT, yauThIBaIOIHiA BAUSHIE [IUTEILHOCTH AEHCTBHIS HATPY3KH:

o1 = 14+M11/M1 = 140,01117959/0,01245445 = 1,89763819 .
kb = 0,15/(¢1 (0,3+8¢)) = 0,15/(1,897638 - (0,3+0,227273)) = 0,14991406 .
ks = 0,7 .

H3rubHas s5keCTKOCTB:
D=kbEp I +ksEsIs =
=0,1499141 - 24000 - 0,00015621+0,7 - 200000 - 0,00000106 = 0,71043396 MH M 2 =
7244 1CM2 .

Tk lo/i =3/0,06276195 = 47,79966206 > 14 :
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Kpurnueckas cuna:

Ner=n2D/lo2=3,141592652 - 0,710434/3 2 = 0,77907806 MH = 79,44 1c .

N =0,1078731 MH = 10,99999489 1¢ < N¢r = 0,7790781 MH = 79,44385692 1¢ -

YCJIOBHUE BBITIOJTHCHO .

Koadduiuenr, yauTbiBarolmii BIUSIHUE Iporuda:
n = 1/(1-N /N¢r) = 1/(1-0,1078731/0,7790781) = 1,16071558 .

15) Iponomikenue pacuera mo 1. 6.2.13 CIT 164.1325800.2014

OKCLEHTPHCHUTET:
e =¢eo nt(he-a's)/2 =
=0,04545461 - 1,160716+(0,17-0,03)/2 = 0,12275989 M = 12,28 cM (dopmyna (6.18);
6.2.13).

OtHocuTenbHas AedopManust pacTAHyTON apMaryphi:
gs, el = Ry/Es =435/200000 = 0,002175 .

OrHocurensHas nepopmanms GeToHa:
eh2 = 0,0035 .

16) IMpoaomkenue pacuera mo 1. 8.1.6 CIT 63.13330 CIT 164.1325800.2014

XapakTepuCTHKA CKAaTOH 30HBI OETOHA:
0=08.

17) Tponomkenne pacyera o m. 6.2.16 CIT 164.1325800.2014

€b3 = €b2+2 ufRf n/Ep =
=0,0035+2 - 0,03475307 - 470/24000 = 0,00486116 (dopmymna (6.31); 1. 6.2.16 ).
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I'paHNYHOE 3HAUCHUC OTHOCHTEIIFHOMN BEICOTHI C3KATOH 30HBI, BEIYUCISIEMOE C
y4eToM 00BEMHOTO HAIIPSHKEHHOTO COCTOSHUS OETOHA:
ER3 = w/(1+€s, el/eb3) =
=0,8/(1+0,002175/0,00486116) = 0,55270602 (popmyna (6.30); 0. 6.2.16 ).

Beicora cxaToil 30HEL
x = (N +Rg Ag-Rsc A's)/(Rb3 b) =
= (0,1078731+435 - 0,00016-400 - 0,000057)/(12,42015 - 0,2) = 0,062267 M = 6,23 cM
(popmyma (6.28); m. 6.2.16 ).

OTHOCUTENBHAS BEICOTA CXKATON 30HBI

& =x/ho = 0,062267/0,17 = 0,36627647 .
T.x. £ =0,3662765 < &r3 = 0,552706 :

TIpepenbHOE 3HAYECHHE TPONOIEHOM CHITBL
Nuit = (Rb3 b x (ho-0,5 X)+Rsc A's (ho-a's))/e =
=(12,42015 - 0,2 - 0,062267 - (0,17-0,5 - 0,062267)+400 - 0,000057 - (0,17-
0,03))/0,1227599 = 0,20096881 MH = 20,49 Tc .

N e¢=0,1078731 - 0,1227599 = 0,01324249 MH m = 1,35035827 Tc M < Rp3 b x
(ho=0,5 x)+Rsc A's (ho-a's) = 12,42015 - 0,2 - 0,062267 - (0,17-0,5 - 0,062267)+400 -
0,000057 - (0,17-0,03) = 0,02467091 MH m =2,51573284 TC M - YCIIOBHE BEINOJIHEHO
(dopmyna (6.27); m. 6.2.16 ).

BbiBoa: MPOYHOCTH JKeJIe300eTOHHOI0 CedeHHuss ¢ YU€TOM BHCLIHETO

APMHPOBAHHUS X0JICTOM COCTaBJIsACT 2,52 TC M
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Ipunoxenne JI Ilpumep pacuera ycHJIeHHsI H3rHOaemMoit

JKeJ1e300eTOHH O KOHCTPYKIHH CeTKAMH

TpeOyeTcs onpeaeuTs NPOYHOCTh SKEIC300€TOHHOTO NPAMOYTOIbHOIO CEYEHUS

OJICMCHTA, YCUJIICHHOTO KOMIIO3UTHBIM Mar¢pHajioM - CETKOM

Hugopmanmg o pacyer e.

Pacder BoImonHEeH B cooTBeTCTBUM C: MM 6.1.11 CIT63.13330;6.1.12 CI1
63.13330;6.2.8 CII 63.13330;6.2.12 CI1 63.13330,6.1.15 CII 63.13330;5.2.5;6.2.4;6.2.6
CII 164.1325800.2014 YcusneHue xene3006TOHHBIX KOHCTPYKIU#T KOMIO3HTHHIMA
MaTepUanamy,

[ara peimonHenus pacuera: 14.06.2017 12:27:41,

Hcxormpie 1a HHBIE,

JONONHNUTEILHEIC XapAKTEPUCTUKH KOMIIO3UTHBIX MATEPHAJIOB:

- Uncno cmoeB KOMMO3UTHBIX MarepuanoBn =1 ;

- Mupuna koMno3uTHOro Marepuana b =20 cm =20/ 100 =0,2 M;

XapakTEepUCTUKH KOMIIO3UTHBIX MATEPUAJIOB:

- TonmuHEa KOMIMO3UTHOTO MaTeprana tf = 1 Mm;

- HopMaTHBHOE 3HAYEHHUE COMPOTUBIIEHMS PACTHKEHHUIO KOMIIO3UTHOIO MaTepHana
Rf, n = 3200 MIIa;

- HopMaTiBHOE 3HaUEHHAE MOAYJIS YIPYTOCTH KOMITO3UTHOTO MaTepuana Ef, n =

229000 MI1a;

3anmMTHBIN CIION:

- Paccrosnne OT paBHOACHCTBYIOIIEH YCHIMH B apMaType S 0 TpaHy CEYEeHHs
as=3cm=3/100=0,03 m;
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PasmMepsl ceueHus:

- Bricora ceuennsg h =35 cm =35/ 100 = 0,35 M;

- HInpuHa npsaMoyrompHOro ceueHus b =20 cm =20/ 100 = 0,2 m;

Yeunug:

- Mzrubaroumit momeaTr M =40 Tc m=4,0/101,97162123 = 0,03923 MH M;

Pe3vibT at b1 pacyer a:

Pacuernoe comporupaenue GeTona

BertoH - Tsoxennii.

HopmaruBHOe 3HaUeHNE COMPOTHBIICHHS OETOHA OCEBOMY CXKATHIO TS
MPECITBHEIX COCTOSHUIM TIEPBO# Tpymmbl mpuHUMaeTcs mo tabm. 6.7 CIT63.13330 Ron =

11 MITa.

HopMaTuBHOE 3Ha4YEHHE COMPOTUBICHA OETOHA OCEBOMY PACTSDKCHMIO AT
[IPEeeIbHBIX COCTOSIHUI IE€PBO# rpymiel npuHuMaeTces no tadn. 6.7 CI163.13330 Rotn =

1.1 MIa.

PacueTHoe conpoTuBieHre GETOHA 0CEBOMY CiKaTUIO mpuHuMaeTcs 1o Tabi. 6.8 CII
63.13330 Rp = 8.5 MI1la.

PacuetHOE conmpoTHBIeHHE OETOHA OCEBOMY PACTSHKCHUIO TPHMHUMACTCS 10 TaOJI.
6.8 CI1 63.13330 Ryt = 0.75 MIla .

Yuet ocodennocTe paboTel 0€TOHA B KOHCTPYKLIMK

Pacuer Ha nelicTBHE HArpy30K - OCTOSHHBIX, JUTUTENBHBIX i KPATKOBPEMEHHBIX.
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Koaddumuent ycaonst paboTel OeTOHA, YINTHIBAIOLINM JUTHTEILHOCTE ACHCTBUS

HArpy3Ku:
vb1=1.

KoncTpykums 6eToHUpPyeTCS - B TOPH30HTATBEHOM ITOJIOKEHUH.

Kosddunuent yenopus padoTel OeTOHA, YIUTHIBAOIINM TIOTIEPEMEHHOE
3aMOpaXUBaHUE W OTTANBaHUE OeTOHA:

Yo3=1.

Koaddrmment ycaoeus padoTel OeTOHA, YINTHIBAIOMIM XapakTep pa3pyIICHHS
GETOHHBIX KOHCTPYKITHH:

Yoa=1.

JUtt HaA3eMHOH KOHCTPYKIIUM, [IPH PACUETHOH TEMIIEPATYPe HAPY>KHOTO BO3/IyXa B

3UMHWIA iepron He MeHee -40 rpaj.:

Kosdppuuument ycnosus pabotel 6eToHa, YUHTHBAIONINIA BIHSHAE MTOTEPEMEHHOTO

3aMOPA’KUBaHNA U OTTaBaHUS:

Ybs5=1.
I'pynna npefenbHbIX COCTOSHUN - TIepBas.
KoncTpyknus - xene3o0eToHHas.
CelicMMYHOCTS ILIOLIAAKU CTPOUTENLCTRA - He OoJiee 6 6asIioB.

Kosdpdumment ycnorus paGotsl mo m. 2.14 CHull 11-7-81 "Crpourenscrso B
ceiicMuuecKkux paioHax":
mgp=1.

PacueTHoe conpoTHBIIcHHE GETOHA 0CEBOMY CHKATUIO MpH mkp = 1
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Rb = yb1 Yb3 Yb4 Yb5 Rp =
=1-1-1-1-85=85MIla.

Pacuernoe CONMPOTHUBJICHUC OeToHA OCCBOMY CXKaTHIO:
Rb = mkp ¥b1 ¥b3 Yb4 Yb5 Rb =
=1-1-1-1-1-85=8,5MIlla.

Pacuernoe conpoTuBnenre GETOHA 0CEBOMY PACTSHKEHUIO IIPU PacyeTe Ha NEHCTBHE
TONIEPEYUHBIX CHIT:
Rt = b1 Rot =1-0,75=0,75 MIla.

PacueTHOE conpoTHBICHNE OETOHA OCEBOMY PACTSKEHHUEQ;
Rbt=mkp b1 Rot =1-1-0,75=0,75MIla .

PacyeTHbIe 3HAYECHNS IPOYHOCTHHIX XaPAKTEPUCTHK APMATYPEI
Beomures - kmace apMaTypel.

IIpenBapuTenbHOE HAPSHKEHUE APMATYPHI - OTCYTCTBYET.
Knacc HeHanpsraemoit npoonbHOH apMatypsl - AS00.

PacueTHO€ conmpoTHBIIEHNE NPOJONBHON apMaTyphbl PACTSKCHHIO:
Rs =435 MIla.

PacueTHOE COMPOTUBIICHUE HEHANIPATAEMOM apMaTyphl CHKATHIO (71T apMaTyphl
B500, A600):
Rsc =400 MITa .

INonepeunas apmaTypa - He pacCMaTPHBAETCA B TAHAHOM pacyuere.

PacyeTHoe conporuBnenue mpoaoabHON apMaTyphl PacTsKEHUIO:
Rs=mgp Rs=1 - 435=435MIla.
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Pacuernoe COMPOTHUBJICHUEC HeHaHpﬂl"aeMOﬁ apMaTypbl CKaTHIO (ZU'[;[ apMaTypbl
B500, A600):
Rsc = mkp Rsc =1-400=400 MIla .

Koo dumueHTt HaleXHOCTHU IO apMaType:
Ys = 1, 15.

HopmaTuBHOE 3HaYEHNE CONPOTUBIICHUS HEHATIPATAEMOM apMaTyPhl PACTKCHHIO |
Rs,n=mkp ysRs=1"- 1,15 - 435 =500,25 MIIa.

HopMaTuBHOE 3HaUCHHE CONPOTHBIICHNS HEHATIPATAEMOI apMaTypbl OCEBOMY
CXKATHUIO!

Rsc,n=mkp ys Rsc=1- 1,15 - 400 =460 MITa .

3HaYCHHUE MOIYJIS YIIPYTOCTH apMaTypbl

Monynb YIpyrocTd HEHAPATaeMOM apMaTy P
Es =200000 MITa .

OnpeneneHne 3HAYCHUS HAYATBHOTO MOTYJIA VIPYTOCTH 6€TOHA

HauanbHblii Moayns ynpyroctd npunamaercs mo tadi. 6.11 CI163.13330 Ep =
24000 MITa .

OnpeneneHne pacIeTHOTO 3HAYCHNS COTMMPOTUBIICHHUS PACTSHKCHUTO

PacueTHOE 3HAUCHKE MOIYJIS YIIPYTOCTH KOMIO3UTHOIO MaTepHaa:
Ef=Ef n =229000 MI1a .

3HavyeHHEe MPUHSATO JUTS KOMITO3UTHOTO Marcpuaia COCTOAMICTO U3 YITICKOMITIO3UTA.

Bu KOMIIO3UTHOrO Marepuana - TKaHbIH Marepua.
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YenoBus SKCIUTyaTallii KOHCTPYKLHHM - HA OTKPBITOM BO3IYXE.

KosdduiueaT ycnosnii paboTHl, 3aBUCSIIHIT OT THITA KOMTIO3UTHOTO MaTepHaia 1
YCIIOBHH DKCIUTyaTaIllni KOHCTPYKIIUH:

vf1=0,8.

TIpopomkerue pacuera oo 0. 5.2.5 CIT 164.1325800.2014

3nauenve TIPEHATO TSI KOMIIO3UTHOI'O Mar€prajia COCTOALLETO U3 YIIICKOMIIO3UTa.

Koa¢buuueHT HaaeKHOCTU 0 KOMIO3UTHOMY MaTeprany:

vf=12.
Koad¢urmerT ycaoBuii paboTs KOMIIO3UTHOTO MaTEpUaa MPHHUMACTCS PaBHBIM 1

Koadp¢punuenT ycaopuii paboThl KOMIO3UTHOTO MaTepHaia, YIUTHBAOIIHI
CIIETIIEHNe KOMITO3UTHOTO MarepHaia ¢ OeTOHOM:

v2=1.

Rf= vf1 vf2 Re, nfyf=
=0,8 - 1-3200/1,2 = 2133,33333 MITa (popmyna (5.1); m. 5.2.5 ).

TpenensHOE 3HAYCHIE OTHOCUTENBHOM e(opMaliii KOMIIO3UTHBIX MATEPHAJIOB

CHCTEMBI BHELIIHETO aDMUPOBAHMUSL
ef, ult = Re/Br = 2133,333/229000 = 0,00932 (dopmyna (5.4); 1. 5.2.5 ).

KoadpumeHT yenopuit paboTel KOMIIO3HTHOTO MATEPUANIA, YUMTHIBAIONIAIN

CICTUICHHUEC KOMITIO3UTHOI'O MaTepuaa C OETOHOM:

vi2= 12,5 ef, u) V Rol(n Egte)=

— 1/(2,5 - 0,00932) - V 8,5/(1 - 229000 - 1= 0,26148 (dopmyza (5.2): 1. 5.2.5 ).

209



PacueTHOE 3HaUeHHME COIIPOTHUBJICHUS PACTSDKEHUIO Ha ACiCTBUE

HETIPOOOIDKUTEIIBHBIX HAarpy30K

PacdeTHOE 3HaUECHHE COTIPOTUBIICHHS PACTDKEHIIO KOMITO3UTHOTO MaTepuana:
R = vf1 v£2 RE nfye =
=0,8-0,26148 - 3200/1,2 = 557,824 MI1a (popmyna (5.1), m. 5.2.5).

[IpeaensHOE 3HAYEHNE OTHOCUTENBHON Ae(opMaIii KOMIO3UTHBIX MaTepHAIOB
CHCTEMBI BHEITHETO apPMHPOBAHHUS:
ef, ult = RFEf = 557,824/229000 = 0,00244 (dpopmyna (5.4); m. 5.2.6 ).

Onpenenenne 3HaYCHUI HAYATBHON OTHOCUTENEHOM AedOpMaIHi CTANBEHOM

apMaTypel A HaYaIbHON OTHOCHTEIBHOM AedopMarim cxaToro 6eToHa H3rHOaeMbIX

DJIEMCHTOB

B cootserctum ¢ 1. 4.10 npy yCmIeHNN U3rNOAEMBIX KOHCTPYKLMIT MUHUMAIBHO
JONMYCTUMBIH (pakTHUeCKuit Kilacc OETOHA 110 MPOYHOCTH Ha CXKATHE CYIIECTBYIOLIEH
KOHCTPYKLIAY, YCUJIUBAEMOI BHEITHUM apMUPOBAHUEM U3 KOMIIO3UTHBIX MATEPUAIIOB,

TOJKEH COCTABIIATE HE MeHee B15.

B > 15 MIa - yclOBHE BBINOJHEHO .

HauanbHelii MOayas ynpyroctu npuHuMaetces mo tadn. 6.11 CI163.13330 Ep =

24000 MITa .

IpuBeeHHOE 3HAYEHIE TONIIHHBI 3AIUTHOTO CII0SI PACTSAHYTOM apMaTyphI:
a=Es As ag/(Es As) = 200000 - 0,00023 - 0,03/(200000 - 0,00023)=0,03M=3cM .

HpI/IBel[eHHOC 3HAYEHHUE TOJIIMHBI 3aIUTHOTO CJIOS CKATOM apMarypsl:

a=0mMm.
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Paboyast BEICOTa CEUCHAS:
ho=h-a=0,35-0,03=032M=32cMm.

OnpenencHne XapaKTEPUCTUK IPUBEACHHOIO CCUCHHS

Koaddumuent npruseaeHns HeHAIPSITaeMoii apMaTypsl K OETOHY:
os = Es/Ep = 200000/24000 = 8,33333 .

h's=h-as=0,35-0=035mM=35cmM.
CeueHue - IPAMOYTOJIbHOE.

II1omans ceucHMs:

A =bh=02-035=0,07mM2=700cm2.

Cratudeckuii MOMEHT OETOHHOTO CEUCHHST OTHOCUTENBLHO HanbosIee pacTsaHyToro
BOJIOKHA!

St=bh22=0,2-0,352/2=0,01225M3=12250cm 3 .

ITnomans ceuyenus OeToHA:

Ap=bh-A's-Ag= 0,2 - 0,35-0-0,00023 = 0,06977 M2 =697,7 cM 2 .

Tnomans MpHBEACHHOTO TOTIEPETHOTO CEUCHNS:

Ared = s (AstA's) FAb = 8,33333 - (0,00023+0)+0,06977 = 0,07169 M2 =716,9 cm 2 .

CraTuyeckuii MOMEHT IPHBEICHHOTO CEUCHHS OTHOCUTENBHO HauboIee
PACTSHYTOTO BOIOKHA:
St, red = (0is-1) (As as+A's (h-a's))+b h 2/2 =
=(8,33333-1) - (0,00023 - 0,03+0 - (0,35-0))+0,2 - 0,352/2=0,0123 M3 = 12300 cm 3 .

KOOp,I[I/IHaTa OCHTPAa TSHKECTH PACYETHOTO KOHTYpa:

yo = St, red/Ared = 0,0123/0,07169 = 0,17157 M = 17,16 c™m .
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Paccrosaue ot Hanbonee PaCTAHYTOr0 BOJIOKHA 6eToHa 1o OCHTPA TAKCCTH
MPUBCACHHOTO CCUCHUS:

Yi=Y¥0=0,17157Mm=17,16 c™m .

Paccrosame ot HanboJIee CKaTOro BOJIOKHA B OETOHE JI0 LOEHTPA TAXKCCTH
TIPUBEACHHOI'O CCHCHHUS:

yo=h-yt=0,35-0,17157=0,17843 M = 17,84 cm .
ys = yo-as = 0,17157-0,03 = 0,14157 m = 14,16 cm .
y's = h-ag-a's-ys = 0,35-0,03-0-0,14157 = 0,17843 m = 17,84 cm .

MomMeHT HWHEpOUHN 6eTOHHOFO CCUCHUA OTHOCUTCIIBHO LICHTPA TSDKECTHU
NPUABCACHHOI'O CCUCHUS!
I=bh3/12+A (W2-y))2=
=02 0,353/12+0,07 - (0,35/2-0,17157) 2 = 0,00072 m 4 = 72000 cM 4 .

OrnpeneneHue MOMEHTa 00pa3oBaHNs TPEIUH

PacucTHOE 3HaYEHNE COTIPOTHBIICHAS] OETOHA OCEBOMY CIKATHIO I IPSICTBHBIX
COCTOSIHMH BTOPO# IPYIIIbL:

Rb,ser:Rbn: 11 MIla .

PacueTHOE 3HaYECHHE CONPOTHBICHHS OETOHA OCEBOMY PACTSKEHHIO LA
HpeAeNbHBIX COCTOSHUI BTOPOM IPYIIIIbL:

Rbt, ser = Rotn = 1,1 MITa .

MoOMEHT MHEPIIMH TJIOMAACH CCUCHHS PACTAHYTOMH apMaTyphl:

Is = As (h-as-yc) 2= 0,00023 - (0,35-0,03-0,17843) 2 = 0,00000461 m 4 = 461 cM 4.

MoMEHT HWHCPLHHUH MPUBCACHHOIO MOMCPEYHOT0 CCUCHUA!

Ired =1 +Ig ((X.s—l)+I’s (ocs—l) =
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=0,00072+0,00000461 - (8,33333-1)+0 - (8,33333-1) = 0,00075 M4 = 75000 cm 4 .

VYrpyruit MOMEHT CONPOTHUBIICHUS IPHBEACHHOTO CEUECHMUS:

Wred = Ired/yt = 0,00075/0,17157 = 0,00437 M3 =4370 cm 3

PaccrosHmE OT IIeHTpa TSHKECTH MPUBEACHHOTO CEYCHUS 10 IIPOBOH TOUKH,
Haubosiee yAaJICHHOM OT PacCTSHYTON 30HbI:

ex = Wred/Ared = 0,00437/0,07169 = 0,06096 M = 6,1 c™m .
MoMeHT 06pa30BaHmsI TPEIIMH OMPECIAETCS - ¢ YYETOM HEYIPYTUX AedopManii,

YIpyromiacTu4eCKui MOMEHT CONPOTUBIICHUSA CEYCHHS:

Wpl = 1,3 Wred = 1,3 - 0,00437 = 0,00568 m 3 = 5680 cm 3 .

Hzrubaronmii MOMEHT, BOCIPUHMMAEMBbIH HOPMAJTBHBIM CEYEHHEM 3JIEMEHTa MPU
00pa3oBaHUN TPEIIVH:
Mcrc = Rbt, ser Wpl = 1,1 . 0,00568 = 0,00625 MHM= 0,64 TC M.

T.x. M =0,03923 MH m = 4,00035 T¢c M > M¢re = 0,00625 MH M = 0,63732 TC M :
TpemuHbI 00pa3yroTCs.

KecTkocTb Kene300€TOHHOTO SJIEMEHTA Ha YUACTKAX ¢ TPCIIMHAMHY B PACTSHYTOMH

30HE IIPH KPaTKOBPEMEHHOM NIEHCTBUM HArpy3Ku

TpeaBapuTenLHO OMPeaeIIoT KodddunueHt ys no dpopmyse (8.137) m. 8.2.18 CI1
63.13330.

Omnpenererne kodhdunmenta ys

Jedopmaniu B apMaType - He 3a1aHBbL.

OH[!GQ@J’IQHI/I@ H&HQSDKCHHFI B QaCTﬂHyTOfI apMmarype
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ITpunrMaeMast OTHOCHTENbHAs AedopManus OeToHa:

€pl,red = 0,0015 .

PacdeTHOE 3HAUEHNE CONPOTHUBIICHNS OETOHA OCEBOMY CIKATHIO IS IIPEAE/IbHbIX
COCTOSIHMH BTOPOH IPYIIIIBL:

Rb, ser=Rpn=11MIla.

ITpuBeneHHbIM MOAYIEL NedOpMAaIiH CKATOTO OETOHA:

Eb, red = Rb, ser/eb1, red = 11/0,0015 = 7333,33333 MI]a .

KoadduiueHT nprBeaeHUs CKaTOH apMaTyphl K OETOHY:!
ois1 = Eg/Eb, red = 200000/7333,333 = 27,27273 .

HampspkeHns B pacTsHYTOM apMaType ONpPeaeNsIOTCS IPH g2 = Oig]

HpI/I OTOM TIPUHUMACTCA OJIA H3rH0aeMbIX 3JIEMEHTOB Y¢ = Xm - BBICOTA CXKaTOM

30HBI O€TOHA, onpeaenseMas mo 1. 8.2.28 CIT 63.13330.

Ko>dduimeHT npuseaeHns pacTIHyTOi apMaTypsl K OETOHY:
os2 = ogl =27,27273 .

OnpeeNeHre CPEAHEH BBICOThI CHKATOM 30HbBI JUls M3rHOAeMBIX DIIEMEHTOB

KoahpurmeHT apMupoBaHus:
s = Ag/(b ho) = 0,00023/(0,2 - 0,32) = 0,00359 % .

CpeaHsis BBICOTA CKATOM 30HBI OETOHA:

Xm = ho (\/ (j4s s2) 2+2 s ({52 -Ilg Olg2) =

=0,32" (\/ (0,00359 - 27,27273) 2+2 - 0,00359 - 27,27273 -0,00359 - 27,27273) =
0,1137m=11,37cm.

Onpenenenvie CpeHEH BRICOTRI CKATOM 30HBI OeTOHA
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Pacuer BezneTcs mo npubmmkerHoit popmyne (8.154 CIT 63.13330).

BricoTa ckaToit 30HbI U3rudacMoro JIEMEHTA:

XM =xm=0,1137M=1137cm .

PaccTosHEE OT HauboJIEEe CXKATOTO BOJIOKHA 10 IIEHTPA TSHKECTH MPABEACHHOTO
ceueHns 0€3 yueTa pacTAHYTOM 30HbI:
yem =xm =0,1137mM=1137cm .

MOMEHT HHEPLUH IIOLIAJIEH CEIEHUS PACTAHYTON apMaTyphL:

Is = As (h-as-yem) 2 = 0,00023 - (0,35-0,03-0,1137) 2 = 0,000009789 M 4 = 978.9 cm 4 .

Onpeencuue MOMEHTA HHEPITHN CKATOM 30HBEI OSTOHA

Ib=bxm3/3 =02 - 0,11373/3 = 0,000097992 m 4 = 97992 cm 4 .

Thomaas ceyenus OeToHa:
Apb=bxm=072"0,1137=0,02274M2=2274 cm2 .

MOMEHT UHEPITAH MTPUBEACHHOIO IIONEPEIHOTO CEUCHUS:
Ired = IbtIs og2+T's aig1 =
= 0,000097992+0,000009789 - 27,27273+0 - 27,27273 = 0,000364965 M 4 = 36496,5 cm
4

HJ'IOHIaZ[L HpI/IBeHeHHOFO TONECPCUYHOI0 CCUCHUSA!
Ared = AbtAg 0g2+A's 0g1 =
=0,02274+0,00023 - 27,27273+0 - 27,27273 = 0,02901 M2 =290,1 cm 2.

Paccrosaue oT HanOoJIEE CKaToro BOJIOKHA B O€TOHE 110 LEHTPA TAXKECTH
MNPUBCICHHOIO CCUCHUA!

ye=YVem =0,1137M=11,37 cM.
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os=(M (hO'YC)/Ired) sl =
=(0,03923 - (0,32-0,1137)/0,000364965) - 27,27273 = 604,77653 MIla .

HampsbkeHns o5, cre OMPEAEnsoTes mpu M = Mere.

HanpskeHns B mponoibHOM pacTsHYTOH apMaType B CEUCHHH C TPEIIUHOM cpasy
nocne 06pa3oBaHis HOPMATbHBIX TPEIIHH:
65, crc = Mere (ho-yc)/Tred) ots1 =
=(0,00625 - (0,32-0,1137)/0,000364965) - 27,27273 = 96,35109 MIIa .

T.k. 05 =604,7766 MIla 2 G5, crc = 96,35109 MI1a :

KoapdumienT, yuuThiBaroLuii HepaBHOMEPHOE PACIIPEACTICHIE OTHOCUTENBHBIX
nedopmanii:
ys = 1-0,8 63, cre/os = 1-0,8 - 96,35109/604,7766 = 0,87255 .

3Ha4yeHue MOy aeopMalui CKaToro OeToHa NpUHUMAIOT 1o Gopmyse (6.9) st

Harpy30K HCIPOAOJKUTC/ILHOTO JIEHACTBUSL.

OnpeneneHne MPUBEIEHHOIO MOIYJIS VIIPYTOCTH MPH KPATKOBPEMEHHOM JEHCTBIN

Harpy3Kku

ITpuHIMaeMast OTHOCHTENbHAS nedopMars 6eToHa:

ebl, red =0,0015 .

IpuBeaeHHEL MOAYTIb AehOopMaIiy CKAaTOro GeToHa:

Eb’ red = Rb, ser/Eb], red = 11/0,0015 = 7333,33333 MIla .

KoaddurmenT npuseaeHust cxaToit apMaTyphl K OCTOHY:
os] = Es/Eb, red = 200000/7333,333 = 27,27273 .

IpuBeaeHHBIH MO b 1eHOPMALME PACTAHYTOI apMaTypal;
Es, red = Es/ys =200000/0,87255 = 229213,2256 MITa .
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Ko3¢ppuuueHT npuBEAECHNs PACTIHYTOH apMaTyphl K OETOHY:
os2 = Es, red/Eb, red = 229213,2/7333,333 = 31,25635 .

Monynb nedopMaryu ¢xaroro 6eToHa:

Eb1 =Eb, red = 7333,333 MIla.

OHQG@!GHGHHC MOMCHTA HHCPIIUH NIPUBECACHHOTO CCYCHUA

OnpeneneHre CPeHEHt BEICOTHI CKATON 30HBI Il H3rHOAEMBIX DIIEMEHTOR

KoadduimeHT apMUpoBaHus:
s = Ag/(b hg) = 0,00023/(0,2 - 0,32) = 0,00359 % .

CpeaHsisi BBICOTA C3KATOM 30HEI OETOHA:

Xm =ho(\/ (Mbs Qs2)2+2 [Us Olg2 -Ps 0s2) =

=0,32 - (V (0,00359 - 31,25635)2+2 - 0,00359 - 31,25635 -0,00359 - 31,25635) =
0,11988 M =11,99 cm .

Paccrostue oT Hanbolee CKaToro BOJIOKHA [0 LECHTPa TSHKECTH NPUBEACHHOIO
ceueHns 03 yueTa pacTSHYTOH 30HbL;
VYem =Xm = 0,11988 M =1199 cm .

PaccrosHue 0T HanboJiee ¢KaToro BOJIOKHA B OETOHE 10 LEHTpa THKCCTH

TIPUBECICHHOI'O CCUCHUS!

V¢=Yem =0,11988M=1199 cm .

OnpeneneHne MOMEHTA HHEPLIMH CKATOM 30HBI OETOHA

Ib=bxm3/3=02"0,119883/3=0,000114855 m4 =11485,5cm 4.

[Tnomanpb ceueHus OeToHa:

Apb=bxm=0,2-0,11988=0,02398 M2=2398cm2 .
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MOMEHT UHEepLHH IUTOMIA/IEH CEYCHUS PACTAHYTOH apMaTypEL:

Is = As (h-as-yem) 2 = 0,00023 - (0,35-0,03-0,11988) 2 = 0,000009211 m 4 =921,1 cm 4.

Mowmenr I/IHCpHI/II/I TNIPUBCACHHOIO MMOTICPEYHOr0 CCUCHMA!
Ired = Iptls os2+]'s 051 =
= (0,000114855+0,000009211 - 31,25635+0 - 27,27273 = 0,000402757 M4 = 40275,7 cm

4.

Hﬂomaﬂb TPUABCACHHOI'O MTOIIEPEYHOI'0 CEYCHUA!
Ared = AbTAs agatA's ol =
=0,02398+0,00023 - 31,25635+0 - 2727273 =0,03117M2=311,7cm 2,

M3rnbnas »kecTKOCTD:

D = Eb1 Ired = 7333,333 - 0,000402757 =2,95355 MH M2 =301,18 Tc M 2.

Bricota cxxaroit 30061 OeTOHA:

Xo =Xm = 0,11988M=11,99 cm .

Hauganbnas oTHOCHTEILHAS z[e(bopMam/m ckatoro OeroHa [0 YCUJTICHUA
KOHCTPYKLIUH:
€% = Mo/(Eb1 Ired) Xo =
=0,03197/(7333,333 - 0,000402757) - 0,11988 = 0,0013 (popmyna (6.4); m. 6.2.4 ).

Havanbnag otHOCcHTENBHAS AeopMalys CTATIBHOM apMaTypPhl 10 YCHICHHS
KOHCTPYKIIHH:
€ 05 = Mo/(Eb1 Ired) (ho-x0) =
=0,03197/(7333,333 - 0,000402757) - (0,32-0,11988) = 0,00217 (popmymna (6.3); m.
6.2.4).

£52=0,015 .
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Havanmbable Ae(opMaImy pacTSHYTOH TPaHN CEYEHUS:
€0yt = (8 Og h+e Op a)/ho =
=(0,00217 - 0,35+0,0013 - 0,03)/0,32 = 0,0025 (dpopmyna (6.14); n. 6.2.10 ).

Rf=557,824 MITa < (es2-€ %) Er = (0,015-0,00217) - 229000 = 2938,07 Ml1a -

yCITOBHE BEIIOJIHEHO ((opmyna (6.1); m. 6.2.10).

OnpeneneHrie TPAHUIHON OTHOCHTEIEHON BBICOTHI CKATOM 30HBI

XapaKkTepUCTUKA CKaTOM 30HEI OETOHA:

o=038.

OrrocutensHas aedopmarms GeToHa:
€h2 =0,0035 .

I"paHMYHAd OTHOCUTENBHAS BBICOTA CXKATOM 30HEL
&R, £ = oo/ (1+(ef, ultte O )/eb2) =
= 0,8/(1+(0,00244+0,0013)/0,0035) = 0,38674 (popmyna (6.2); m. 6.2.3 ).

Pacuer m3rubaeMbIx 31€MEHTOB

3HauCHHUE MOJIYJIS YIIPYTOCTH apMaTyPbl

Moayne yIpyrocTu HEHANPATraeMoi apMaTyph:
Es =200000 MITa .

TInomans NONEPEYHOro CEYEHNS BHELIHEH apMaTyphl U3 KOMIIO3UTHBIX
MaTepHAIOB:

Af =n trbr =1-0,001 -0,2=0,0002M2=2cm2.

HpI/IBCI[eHHOG SHAQUCHUC TOJIIIHHBI 3alIITATHOTO CJIOA paCTiIHyTOfI apMaTyphl:
a-— Rs As as/(Rs As+Rf Af) =
=435 - 0,00023 - 0,03/(435 - 0,00023+557,824 - 0,0002)=0,01418 M= 1,42 c™m .
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IIpuBecHHOE 3HAUCHUE TOIMUHBI 3aAMIUTHOTO CJIOS CXKATON apMaryphl:

a=0mMm.

Pabouas BhICOTA CEUCHMUSI:

ho =h-a=0,35-0,01418 =0,33582 M= 33,58 cm .

BeIcoTa cxxartoii 30HHI:
x=(Rs As-Rsc AstRFAF)/(Rp b)) =
= (435 - 0,00023-400 - 0+557,824 - 0,0002)/(8,5 - 0,2) =0,12448 m = 12,45 cM
(popmyna (6.7); m. 6.2).

OTHOCHTETEHAS BBICOTA CKATOM 30HBI:

& =x/h=0,12448/0,35 = 0,35566 .

T.x &=0,35566 < &R, £=0,38674; x>0M=0cM:

ITpenenbHbli H3rnOArOLUi MOMEHT:
Mult =Rb b x (ho-0,5 x)+Rsc A's (ho-a's)+Rf Af a=
=8,5-0,2-0,12448 - (0,33582-0,5 - 0,12448)+400 - 0 - (0,33582-0)+557,824 - 0,0002 -
0,01418 = 0,05948 MH m = 6,07 T¢c M (popmyna (6.6); m. 6.2.7 ).

BbiBoa: TMPOYHOCTH JKeJIe300€TOHHOIO CeYeHHs ¢ yueToM BHEIIHEro

apMHPOBaHHSI CeTKOii cocTraBisieT 6.07 Tc M
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