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BBEJEHUE

B coBpemMeHHOI MUPOBOIl MPAKTUKE HAPSAY C TPAAUIIMOHHOW CTaTIbHOU
apMaTypoil Bce Oojbllice MPUMEHCHUE HAaXOMUT KOMIO3UTHAs HEMETaIIH-
yeckas. HecMoTps Ha To, 4TO 3TOT BUJ apMaTypbl U3BecTeH ee ¢ 70-x ro-
noB 20 Beka, KOMIIO3UTHAas apMaTypa — OTHOCUTEIBHO HOBBIM BUJ CTPOU-
TeJbHBIX MaTepuajoB Ha peiHKe PecnyOnuku bemapycs. B Gnmxaiimem 3a-
pyOexpe 3Ta MPOXYKHIHS yKe ycmena ceOs 3apeKOMEHIO0BaTh M IIHPOKO
UCTIONIB3YETCSl TIPH apMHPOBAHUH CTEKIOIUIACTOCTOHHBIX KOHCTPYKITHH.
BrenpeHue cTeKIOIIACTUKOBON apMaTypbl HaTaJKHWBaeTCs Ha ONpejaesieH-
HBbIe TPYJHOCTH M IPOTHUBOPEUHS, MPUBOJAIINE K OMIMOKAM MPU MPOEKTHU-
POBAaHUU KOHCTPYKLUH, COEepKAIUX KOMIIO3UTHYIO apMaTypy.

B Hacrosiiee BpeMsi HEJOCTATOYHO HM3YYEH OIBIT 3KCIUTyaTallud H37e-
JIUil ¢ KOMIIO3UTHOM apMaTypoii, BO MHOTHX CIIy4asX IPOUCXOAUT HEBEPHOE
MIO3UIIMOHIPOBaHKE TI0 001acT ee mpuMeHeHnst. He HOpMupoBaHs! Tpebo-
BaHUS, U COBEPIIEHHO HE KOHTPOJMPYIOTCS. XaPAKTEPUCTUKH CLEIUICHUS
CTEKJIOIUIACTUKOBON apMatypel ¢ 0eToHOM. OTCYTCTBYIOT HEOOXOAUMBIE
9KCIEPUMEHTAIIbHBIE JAHHBIE, B TOM YMCJE O NPOYHOCTH CLEIJIEHUS KOM-
MMO3UTHOM apMaTyphl ¢ GETOHOM.

IMpousBogumast B Pecnybnuke bemapyce u ummopTupyemas B CTpaHy
KOMITO3UTHAs apMaTypa UMeeT 0OJIBIION pa3dpoc B (PH3UKO-MEXaHHUECKUX
XapaKTEepPUCTUKAX, UCXOIHBIX MaTepHanax M IeOMETPHUUECKUX XapaKTepH-
CcTHKaX. BBUIly OTCYTCTBUSI HOPMAaTHUBHBIX JIOKYMEHTOB, PErilaMeHTHUPYIO-
muX TpeOOBaHUS K KOMIIO3UTHOW apMaType, HMEIOTCS Pa3iIHyusl KaK B TeX-
HOJIOTUM M3TOTOBJIEHUS apMaTyphl, TAK U B T'€OMETPUUECKUX IapaMmeTpax
o0pasyromerocs: pu TPOU3BOACTBE Heproanmdeckoro npodmis. [Ipousso-
JUTCS apMaTypa ¢ MeCYaHO! MOCKINKOI MoBepxHOCTH U Oe3 Hee. Ilepuoau-
9eCcKHi MPOMIb KOMIIO3UTHON apMaTypsl IPOU3BOANTCS IIPU €€ M3TOTOB-
JICHUW TyTeM CIHPATbHOW OOBHBKH CHIPOH 3arOTOBKU CTEPIKHS KPYUICHOU
HUTBIO U3 CTEKISHHOI'O BOJIOKHA, IIPONMTAHHON CBA3YIOLUIMM MaTE€pPHAIOM.
ITpn 06OMOTKEe HUTH HATAHYTa C ONpPEICNICHHBIM yCHIINEM, Oiarogaps yemy
OHa BJABJIMBAETCS B TEJIO CTEP)KHA. 3a CUET HTOr0 apMaTypa IOJy4yaeT J0-
MOJHUTENHbHOE YIUIOTHEHUE U Tiepruoauueckuii npodpwmib. [Ipu sTom sBiser-
Cs1 OYEBHUIHBIM TOT (hakT, ITO 00Janasi pa3nUIHBIMU IapaMeTpaMH Mepuo-
IIYECKOTO MPOQUIISL, KOMIIO3UTHAS apMaTypa Pa3iIMYHBIX TPOU3BOAUTEICH
OyZer UMeTh M pa3iMuHble XapaKTEPUCTHKHU ClemeHus ¢ 6eToHoM. CBs3b
OOBUBKHM W3 KPY4CHOH HUTH U TeJla CTEP)KHS — Pa3INdHA Y pa3HBIX IPOU3-
BOIUTEJEH M TakKe OKa3bIBaeT BIMSIHME Ha COBMECTHYIO paboTy OeToHa n
apMaTypbl. OJJHaKO, HECMOTPSI Ha MPEICTaBICHHBIC (PAKThI, 10 HACTOSIIETO
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BPEMEHHU KaKHX-TMOO UCCIEIOBaHMI BIUSHUS MapamMeTpoB MEPUOAUYECKO-
ro npomis Ha CIEIUICHHE CTEKIOIUIACTUKOBOM apMaTyphl ¢ OETOHOM He
MIPOBOJINIOCE.

OBIIASA XAPAKTEPUCTUKA PABOTbBI

Ces13b padoThl ¢ KPYNHBLIMU HAYYHBIMH TeMaMH. PaboTa BBINOJHS-
mace B pamkax HHNOKP PecmyOnukaHCKOTO YHHTapHOTO TNPENIpPHSTHS
«Muacturyt xkunmmma — HUIITUC wum. C. C. AtaeBa mo moroBopy Ne
HNDH/13 «HccnenoBaTh paboTy MpeABAPUTENIBHO HANpsDKEHHBIX HM3rHOae-
MBIX HECYIIMX KOHCTPYKIHWH, apMHpPOBAHHBIX KOMIIO3UTHOH (CTEKIIOIa-
CTHKOBOW WM 0a3aJbTOTIACTHKOBOM) apMaTypoil C HMCIOJIb30BAaHUEM Ca-
MOHaIpsratomerocsi 0eToHa, onpenennuTs o0nacTs UxX 3(HEHEKTHBHOTO HC-
MOJB30BAaHMA, pa3paboTaTb METOAWKY pacuéra, KOHCTPYHPOBAHHS U
TEXHOJIOTHIO n3rotoBiieHus), U I'b Nel1-262 «IIpobieMbl B3aUMOJICHCTBHUS
€BPOIEHCKUX U OTE€UECTBEHHBIX HOPM IPOEKTUPOBAHUS 7KeJ1€300€TOHHBIX U
KaMEHHBIX KOHCTPYKIHUH 37aHUil 1 cOOpyKEeHIs» Kadenps! «Kenezo0eTon-
Hble U KaMEHHbIE KOHCTPYKLIUW» BelopyccKoro HallMOHAJIBHOTO TEXHHYE-
CKOT'O YHUBEPCHUTETA.

Ilean u 3axa4u AUCCEPTAIMOHHON padoThl. Llens paboTel — pa3paboT-
Ka TpeAyoKEHUH 10 pacdeTy aHKCPOBKH B OETOHE CTEKJIOIUIACTHKOBOM
CTEPIKHEBOH apMaTypbl C y4eTOM F€OMETPHUUYECKHUX N1aPaMETPOB IEpHOANYE-
CKOTO Tpo(uiIs apMaTyphl

Jis mocTYOKeHHsI TOCTABICHHOW IeTTN TPeOOBAIOCh PEIINTH CIEAYIOIINE
3a7aun:

— UCCIIEI0BATh  (PM3UKO-MEXaHUUECKHE XapaKTEpPUCTUKU apMatryphl,
a TaxoKe TEOMETPUUCCKIE MTapaMeTphl PO el CTEKIOIIaCTUKOBOM apMa-
Typbl, IPOU3BOIUMON B PeciyOnuke bemapycs;

— UCCICAOBAaTh BIMSHUE OTHOCUTENIBHOM IUIOINAAM CMSITUSI IEepUOgUYe-
CKOTO TMpOQHIs, yriia HABUBKH MPOQUIS U YKiCiIa HAaBUBOK B CEUEHHU CTEK-
JOMIACTUKOBOH apMaTypbl pa3iUYHbIX JUAMETPOB HAa MPOYHOCTH CLEMICHHS
¢ OETOHOM,;

— UCCJICAOBATh BJIIMAHHC OTHOCUTCILHOM omaan CMATHS Nepuoauye-
CKOTO TPOQMIIS, yriIa HaBUBKU NMPOMUIST U YKCIIa HABUBOK B CEUCHHUH CTEK-
JIOITIACTHKOBOM apMaTypbl Ha NEPEMEILECHUS apMATyPHBIX CTEPXKHEH pa3and-
HBIX TUAMETPOB OTHOCUTEIIBHO OETOHA;

— HUCCJICAOBATh BJIMAHUC MJIMHBI 3aACJIKU U JUaMETpa CTCKJIOIUIaCTUKO-
BOW apMaTypbl Ha NMPOYHOCTh CLEIUICHUS ¢ OETOHOM, a TaKkXKe Ha mepemMe-
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LICHUS apMaTyPHBIX CTEP)KHEH ¢ pa3IMYHBIMU F€OMETPUUECKUMU MapameT-
pamu TporIIs OTHOCUTEIIHHO OCTOHA;

— pa3paboTaTh MPEUIOKECHUS K ONPENCIICHHIO CPEAHEro 3HAYCHHS
HANPSOHKEHHS CUEIUICHUS CTEKIJIOIIAaCTUKOBOM apMaTypbl ¢ OETOHOM, yUUTHI-
BaIOIIME MapaMETPhI MEPHOAMUYECKOTO MPOPUIIS apMAaTYPHI.

O0beKT u mpeaMeT uccienoBanus. OObEKTOM HCCIICIOBAHUS ABIISIIACH
CTEKJIOIUIACTUKOBAS apMarypa ¢ pPa3IiYHbIMU F€OMETPUYECKUMH MapaMerT-
pamu iepuodeckoro npoduis. [Ipeamer — xapakKTepUCTUKA CLETUICHUS C
0CTOHOM CTEKJIOIUTACTUKOBOW apMaTyphl C Pa3IMYHBIMH BEIIMYMHAMU OTHO-
CUTEJIBHOW TJIOIIAM CMATHS TEPHOANYCCKOro Mpouiis, YrilaMH HaBUBKU
MPOQHIISL U YUCIIOM HABUBOK B CEUSHHHU.

MeToaoJiorusi 1 MeTOAbI MPOBeIEHU HCCJIeA0BaHUM. [Ipy BBITIONHE-
HUU pabOThI MCIOIH30BAINCH IKCIIEPUMEHTAIbHBIE METOABl MCCIIET0BAHUN
CHETUICHUS] apMaTypbl ¢ OETOHOM, a TaK)Ke CTATUCTHYECKUE METOMABI 00pa-
60TKI/I 3KCH€pI/IMeHTaHBHBIX JAaHHBIX.

Hay4Hyio HOBU3HY M 3HAYMMOCTH MOJIYYEHHBIX Pe3yJbTaTOB pado-
ThI COCTABJIAIOT:

— pe3yJIbTaThl AKCIEPUMEHTAIBLHBIX HCCICOBAHUN CIIETUICHUSI ¢ OeTo-
HOM CTEKJIOIJIACTUKOBOW apMaTyphl € Pa3NUYHbIMUA 3HAYCHHUSIMH OTHOCH-
TEIBHON TUIOLIATN CMSITUSI IEPUOANYCCKOTO MPOQUIIS, YIia HaBUBKU IPO(hH-
JIs1 1 9YMCJia HABUBOK B CCUCHHH,

— (YHKIMOHATIbHBIE 3aBUCUMOCTH BIIMSHHUS OTHOCHTEIILHOW TLIOIIA M
CMSITHS TIEPHOANIECKOTO MPOGHIIA, YIIa HABUBKU MPOMUIIL U YHCIIa HABUBOK
B CCUCHUM Ha MIPOYHOCTH CIICIUICHUS ¢ OETOHOM W MepeMEeNIeHHs CTepPIKHEH
OTHOCHTEIHHO OETOHA;

— (hyHKIMOHAJIEHBIE 3aBUCUMOCTH JUUIMHBI 33JIEJIKH CTEKJIOIUIACTUKOBOU
apMaTypel C pa3IMYHBIMH MNapaMeTpaMH MEepUOJUYECKOTO NpOoQuis Ha
MPOYHOCTH CHETUICHUS ¢ OETOHOM U MepeMEeNICHHS CTePKHEW OTHOCUTEIIBHO
OeToHa;

— IPeJIO’KEHHs TI0 pacyeTy aHKEPOBKUM B OCTOHE CTEKIIOMJIACTUKOBOM
apMaTyphl € YY4ETOM T'€OMETPHYECKHX IapaMEeTpOB MEPHOIHYECKOTO IPO-
(bt apMaTyphl.

IIpakTHyeckass 3HAYUMOCTH MOJIYYEHHBIX pe3yJbTaToB. Pazpabora-
HBI MPEUIOKECHUSI TI0 pacyeTy aHKePOBKH B OETOHE CTEKJIOILUIACTHKOBOMN
apMaTypbl ¢ YY4ETOM T'€OMETPHYECKHX TapaMEeTpPOB MEPHOIMYECKOTO IMPO-
¢buiis apMaTypsl, MO3BOJISIONIUE ONPEACATh JUIMHY aHKEPOBKH CTEKJIOTLIA-
CTI/IKOBOﬁ apMaTprI, y‘{I/ITI)IBaH OTHOCI/ITCJ'ILHy}O momaab CMITUA U yFOJ'I
HABUBKH TPOQWIS MOMEPEYHBIX BBICTYIOB. [IpelioxkeHns AaroT BO3MOX-
HOCTh HA3HAUYEHUS ONTUMAIBHBIX MapaMETPOB MEPHUOIUUIECKOTO MpOodus
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IIPU U3TOTOBJIEHUH CTEKJIOINIACTUKOBOI apMaTypsl, 4TO CIIOCOOCTBYET 00-
nee 3pQGEKTUBHOMY BHEJPEHUIO B CTPOHTEIBHYIO OTPacib KOMIIO3UTHOU
apMaTyphl.

OcHOBHBIE NOJ0KeHUs] JUCCePTALUM, BBIHOCUMbIE HA 3aIIMTY:

— METOJMKa SKCICPHMEHTAIBHBIX HCCICAOBAHNIN CLEIUICHUS ¢ OETOHOM
apMatypsl, NO3BOJIAIOLIAs] OLEHUTH BIMAHUE MEOMETPUUECKUX MapaMeTpoB
npoQuis apMaTyphl Ha XapaKTEPUCTHKHU €€ CLETIIICHUS ¢ OETOHOM;

— BIIEPBBIC TIONYYCHHBIC pE3yJbTATHl HCCICIOBAHUM BIUSHUA YIia
HAKJIOHAa HaBHBKH NPOQWIS CTEKIOIUIACTHKOBOW apMaTyphl Ha €€ pacrop-
HOCTb B COBMECTHOH paboTe ¢ 6eTOHOM;

— YCTAaHOBJICHHBIC 33aBUCHUMOCTU BIIHSIHUS OTHOCHUTEIBHOM  IuIONIanu
CMATHS M yTJIa HAKJIOHAa HABUBKH IIEPHOIIMUCCKOTO TPOGUIISL CTEKIIOILIACTH-
KOBOM apMaTypbl Ha HPOYHOCTh CLEIUICHHUS C OETOHOM M HepeMeIleHUs
CTEp)KHEH OTHOCUTENBHO OETOHA;

— MIPEUTOKEHNSI TI0 PACcUeTy aHKEPOBKHM B’ OCTOHE CTEKIIOILUIACTHKOBOM
apMaTyphl, YYUTHIBAIOUINE OTHOCHUTEIBHYIO IUIOIIAAb CMATUS INepuoguye-
CKOTO Tpous.

JInyHblii BKAaA comckatesisi. PaboTa BEITIONIHEHA COMCKATEIIEM CaMo-
CTOSITETbHO Ha Kadeape <« Keme300eTOHHBIE M KaMEHHBIE KOHCTPYKIIUIDY
benopycckoro HalMOHAJILHOTO TEXHHYECKOTO YHHBEPCUTETA MOJ HAYUHBIM
PYKOBOJICTBOM KaHAWJAaTa TEXHHUECKHX HayK XoTbko A. A. Cnenansl ca-
MOCTOSITEJIbHBIE BBIBOABI U IPENJIOKEHHUS IO PEIIEHUI0 PacCMOTPEHHBIX
B JIUCCEPTALUU MPOOIEM.

Anpo6auusi pe3yabTaroB aucceprauuu. OCHOBHBIE ITOJIOKEHUS JHC-
CepTalny TOJOXKEHBI W OOCYKICHBI HA CIICAYIONNX KOHDEPEHINAX H CEMH-
Hapax:

— XVII MexnyHapoaHblil HayuHO-MeToauueckuii cemunap «Ilepcnexru-
BBI Pa3BUTHS HOBBIX TEXHOJOTHH B CTPOUTEIIECTBE U MOJITOTOBKE HHXKEHEP-
HBIX KaapoB Pecny6nuku benapyce» (r. Hosononouk, YO «I1I'V», 2012 r.);

— YeTBeprast MeXIyHapOIHasI HAyYHAs KOH(QEPEHIUS HPAHCKUX CTYyJCH-
ToB B bemapycu (r. Munck, BI'YUP, 2013 r.);

~ MexayHapoaHas HaydYHO-METOAMYECKas KOHPEPECHINS «AKTyalbHbIE
po0IeMbl HHHOBAIIMOHHON MOJATOTOBKH MHXEHEPHBIX KaJIpPOB IPHU IEepexo-
Jie CTPOUTENILHOW OTpaciii Ha eBporeiickue craHmapte» (Muuck, BHTY,
26-27 mas 2015 1.)

— XX MexayHapoIHbIl HaydHO-MeToAnYecKnii cemuHap «llepcrnexkTus-
HBIC HANpPABICHUSI WHHOBAIMOHHOTO Pa3BUTHS CTPOUTEIHCTBA U IOATOTOB-
KH WHXeHEepHBIX kKaapos» (I'poxno, I'pl'Y, 17-19 despans 2016 1.);
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Ony0,1MKOBaHHOCTH Pe3yJbTaTOB AuccepTanuu. OCHOBHBIE MOJIOXKE-
HUS JTUCCEPTAIlUK B PE3yJbTAaThl, BRBIHOCUMBIC HA PACCMOTPEHHUE, OITyOIIHKO-
BaHBl B HAYYHBIX JXypHajlaxXx — 3 CTaTbH, B 5 COOpHUKAX HAYYHBIX padoT.
OO0miee KOTMYECTBO OMYyOJMKOBAHHBIX MaTEpHUajoB MO TeME JHCCepPTaluu
COCTaBJIAET 3,5 IeYaTHBIX JINCTA.

CTpykTypa u o0beM auccepTaumu. Juccepramusi COCTOUT U3 BBEIE-
HUs, o0Imeil XxapakTepuCTHKH padOThl, OCHOBHOI uacTu, cocrosiiei u3 4
rJ1aB, 3aKIIFOYEHHMS, CIIMCKA MCIIOJIb30BAHHBIX HCTOYHUKOB U3 132 HamMeHO-
BaHui. O0beM paboThl cocTanisier 119 crpaHul, BKItoYas 73 WITIOCTPAAU
Ha 48 cTpanunax, 11 tabnmi Ha 9 cTpaHuIax.

OCHOBHOE COJAEPKXAHUE PABOTBI

Bo BBeaeHuMnm OOOCHOBBIBACTCS AKTYalbHOCTh TEMBI HCCIICIOBAHUS,
OIIPEAEIISAIOTCS OCHOBHBIE HAIIPABJICHUS TUCCEPTAIIMOHHOMN PabOTEL

B mepBoii riaBe BEBINOJHEH KPaTKUH 0030p HCCIENOBAHHU (DH3HKO-
MEXaHUYECKUX CBOMCTB KOMIIO3UTHOM apMarypbl, PACCMOTPEHBI OCHOBHBIE
3Tamnbl MPOM3BOACTBA CTEKJIOILNIACTUKOBOM apMaTypbl, IIPOaHAIU3HPOBaHbI
npoOIeMbl IPIMEHEHHS CTEKJIOIUIACTHKOBON apMaTyphl IPH apMHPOBAHUH
CTEKJIOIIACTOCTOHHBIX KOHCTPYKLHUH, a Takke HOpPMAaTHBHAs METOAMKA
pacdeTa aHKCPOBKU CTAJIBHOM apMaTyphI B JKEJIC300€TOHHBIX KOHCTPYKIIHSIX
U BO3MOJKHBIE BApHaHTHl KOPPEKTHPOBKU JaHHOH METOAMKU AJsl pacyera
AHKEPOBKH CTEKJIOIIACTHKOBOH apmaTtypsl B OetoHe. [Ipemnokens! BapraH-
TBI TPEXMEPHOTO MOJCIMPOBAHUS CIETUICHUSI C OETOHOM CTEKIOIIACTHKO-
BOW apMaTypsbl

Hauano usyuyeHus CBOWCTB M CO3[aHUS TEXHOJOTUU U3rOTOBIICHUS HeE-
METaJIMYeCKOil KOMIIO3UTHOM apMaTypsl ObUIO TMOJIOKEHO B 1964-1965 ro-
nax. [lepBast TUHES IO IPOM3BOACTBY CTEKJIOIIACTUKOBOM apMaTypsl ObLia
pazpadorana HUMXKXb um. A. A.TBo3meBa u BBeJcHa B IMPOHU3BOJICTBO
B PecnyOnuxe benapycs. OnqHako apmarypa He MOTy4HiIa HIMPOKOTO MPH-
MEHEHMS B CTPOUTENLCTBE 110 MHOI'MM IIPUYMHAM, B YAaCTHOCTU H3-3a HU3-
KOW CTOMKOCTH apMaTypbl B IENOYHON cpefie OeTOHA, HU3KUX are3HOHHBIX
CBOICTB apMaTypsl ¢ OETOHOM IpH €€ NMPeJHANPSKECHUH, U TaKXKe U3-3a 0T-
CYTCTBUS SKOHOMHUYECKOHN BBITOJBI IIpU €€ ucnosb3oBaHuu. B 70-bIx rogax
MPOIIJIOTO CTOJNETHS CTEKIIOINIACTHKOBAs apMaTypa Oblia SKCTIepUMEHTaIIb-
HO NMPHUMEHEeHAa B KOHCTPYKIMAX M3 JETKMX OETOHOB, a Takxke B (hyHAaMeH-
TaX, CBasX, NEKTPOJM3HBIX BaHHAX, OallkaX M PHUIEIIIX ACTAKaJd, OMOPHBIX
KOHCTPYKIUSAX KOHJICHCATOPHBIX Oarapei, Apyrux KOHCTPyKIusx. Orpom-
HBII BKJIaJ B UCCIIEIOBAHUE CBOMCTB KOMIIO3UTHON apMaTyphl U €€ BHEApe-
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HHE B NPOHU3BOJACTBO U INPHUMEHEHHE IPU apMUPOBAHUU OCTOHHBIX KOH-
CTpYKLUH, BHEC M3BeCTHBIM coBeTckuil yueHslii @posos H.II. Ha cospe-
MEHHOM 3Tare, UCCNEA0BaHUsl KOMIIO3UTHON apMaTyphl IPOAOIIKAIOTCS Kak
3a pybOexoMm, Tak u B Pecmybnuke benapycs, rie MOXKHO OTMETUTh HayUHBIC
paboTHI O U3YUYECHUIO COBMECTHOH pabOTHI KOMIIO3UTHOM U CTAIbHON apMa-
TYpBI B XKeJIe300€TOHHBIX KOHCTPYKIHAX, BIoHAeMble B YO «bpecTeknii
TOCYAAapCTBEHHBIM TEXHUUECKUH YHHUBEPCUTET» MOJ PYKOBOJACTBOM IIPO-
deccopa Typa B. B., a Takxke B rocy1apCTBeHHOM NpeanpusaTuu «MHCTATYT
xumnina — HUTITUC um. C. C. AtaeBa » moja pyKOBOACTBOM Tpodeccopa
Ilenompna T. M.

BHeznpeHne CTEKJIOIIACTUKOBON apMaTyphl HAaTaJIKUBACTCS Ha OMpejie-
JIEHHBIE TPYAHOCTH U NPOTUBOPEUHs, IPUBOAALINE K OMIMOKAM IpU MPOEK-
TUPOBAHUM KOHCTPYKLHMH, COAEpXKalMX KOMIO3UTHYO apMmarypy. Cye-
CTBYET psii HEIOCTATKOB CTEKJIOIUIACTUKOBON apMaTyphl, KOTOpPBIE YUHUTHI-
BAIOTCS HE B IOJHOW Mepe, OO BOBCE HE YUYHTHIBAIOTCS TIPH €€
MPUMEHEHHH B CTPOUTENBCTBE, HAUOO0JIEE OCHOBHBIMU U3 KOTOPBIX SBISIOT-
Csl HU3KOE 3HAYCHUE MOMAYJS YIPYTOCTH, TPYAHOCTH IOJIyYEHUS THYTHIX
M3ICTNA W3 TakoW apMaTypsl W CIOXHOCTH CO3JaHMS IPEABAPUTEIHFHOTO
HaINpsHKEHUs CTEKIIOIIACTUKOBOM apMaTyphl.

CuenieHue CTepKHEBONH apMaTypbl ¢ OETOHOM BO3HHKAeT Onaromaps
JCHCTBUIO PANa XUMHUYCCKHX, (DH3MUCCKMX M MEXaHHYCCKHUX (DaKTOPOB.
CreneHb CLEMIECHUS PUHATO OLEHUBATh BEJIMYMHONW YCIOBHOTO KacaTeib-
HOTO HAIPSKECHUS CLUEIUICHUS Tjopg, ACHCTBYIOIIETO HA YCIOBHOM IMIIMH-
JPUUYECKOH MOBEPXHOCTH KOHTAaKTa apMaTypsl ¢ OeroHoM. HamGonbimee
BIMSHUE Ha (POPMHUPOBAHUE BEIUYUHBI 7Tjy,y OKA3BIBACT (DAKTOP MEXaHUUE-
CKOTO B3aMMOJAEUCTBHS, 3aBHCAIINN OT NMEPHOIUYECKOTO NMpOpMIIs, HaHO-
CHUMOTO Ha MOBEPXHOCTb apMaTypbl B MPOLIECCE €€ U3TOTOBICHUS U Xapak-
TEPUCTUK OETOHA.

I'maBHBIMK TTapaMeTpaMy TEPHOTUYECKOTO MPOGIISL, BIMSIOMNAMH Ha
CIIETUICHNE apMaTypbl ¢ OETOHOM, SBIAIOTCA IIar NPOQMIMPOBKH U BBICOTA
MOIEPEYHBIX BBICTYNOB. Pa3miuHBIMM aBTOpaMU ObLIO UCCIEIOBAHO BIIMS-
HHUE 3TUX IapaMeTPOB Ha XapakTep B3aUMOAEHUCTBHS apMaTyphl C OETOHOM.
Tak H. M. MysiuH, y9uThIBasg IWIIb CHeNUUKY MeXaHH3Ma TMepenadn
HaNpsDKEHUH CLEIUICHUs, BBIAENUI TPU MPUHIUIUAIBHBIE IPYIIIbI IOBEPX-
HOCTEH apMaTypbl B 3aBUCUMOCTH OT OTHOIIEHHUH BBICOTHI ITONEPEUHBIX BbI-
CTYTIOB K WX IIIary, a IMEHHO MpoQWIN, 3aKIMHUBAOIINECS TIPH CMEIICHUH
B 0€TOHE, CMUHAIIUEe OCTOH NMPH CMELIEHUU U CIBUTaroIue OETOH MpU
cmemieHun. [1o3Hee 32 OCHOBY OICHKM BIMSHUS NapaMETPOB MEepHOANUE-
CKOro Tpo(WiIs CTEPKHEBOW apMaTypsl Ha CIeEIUIeHHe ¢ OeToHOM Obuia
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MIPUHATA BETUYMHA OTHOCUTEIHHOHN IUIOLIA CMATHS, [TOTIEPEUHBIX BBICTY-
OB, Kak OoJiee YHHBEPCAIBHBINA MMapaMeTp, paBHAs OTHOIICHUIO IJIONIAIA
CMATHS K IUIOMIATH KOHTAKTa apMaTyphl ¢ OeToHOM. MccinenoBaHusM Biws-
HUS MapaMeTpoB MEPUOJUYECKOTO MpohuiIs apMaTypsl U, B YaCTHOCTH, OT-
HOCHUTEJIBHOU TUTOIIAJM CMATHUS TMOMEPEYHBIX BHICTYIIOB Ha CIICIUICHUE ap-
MaTypsl ¢ O0eToHOM TocBsIIeHbl padoThl XKynycosa T.JK., Mynuna H.M.,
Xonmsackoro M.M., Clarek A.P., Rehm G. u np. Ilo pe3ynbratam ucnblTa-
HUH CTep)KHEW Ha BBIJCPTHBAHWE M3 OCTOHA, BHIMOJHECHHBIX Pa3iMIHBIMU
aBTOpaMH, TPOCICKUBACTCS JOCTATOYHO UYETKas JIMHEHHAs 3aBHCHMOCTH
BO3pacTaHUs NPeJeNIbHBIX HANPSKEHUH B CTEPXKHSIX C YBEIMYEHHEM 3Haue-
HUSI OTHOCUTENIbHOW MiIomaau cMstus. OJHAKO TaKHe UCIBITAHHUSI OOBIYHO
MPOBOAMIIM C apMaTypoi, UMEIoUIel OTHY OINpEeeIICHHYIO0 KOH(PHUTYPaLUio
MEPUOIMYECKOTO MPOQHIISI HA CTAIBHON apMaType.

AHanu3 HOpMaTUBHOW METOJMKH pacueTa aHKepOBKHU B O€TOHE HEeHampsi-
raemMoi apmarypsl IOKasaj, YTO MeToauKa pacuera aHkepoBku no CHB
5.03.01-02 B mpuHIUIE HE OTIMYAETCd OT METOAMK pacyeTa HEKOTOPBIX
apyrux crpas. Pacuer ankeposku mo CHbB 5.03.01-02 npousBogures ¢ uc-
MOJIb30BAaHUEM TAKOTO IMapaMeTpa, BIMSIONICro Ha CIETUICHHE, KaK CpeIHee
3HAYCHHE HAIPSDKEHUS cUeruieHus (fry). OJTHAKO cama BEJIMYNHA fj; BBIYHC-
JSeTCs 10 SMIUPUIECKOH (opMyJie, W HE 3aBUCHT OT apaMeTpoB MpoQuiis
apmatypel. HecMOTpst Ha Oo0JbIIOE KOJUYECTBO PadOT, MOCBSIICHHBIX HC-
CIICIOBAaHMIO BIHMSHUS TPOQUIST apMaTyphl Ha CIEIUICHHE €€ ¢ OCTOHOM,
aBTOpaMH B OCHOBHOM PacKphIBaJICsi BONPOC MPOYHOCTHU cueruienus. Hepo-
CTaTOYHO JaHHBIX O BJIMSHUHU NPOQHIS apMaTypbl Ha MEpPEMEIICHUs apMa-
TYpBI OTHOCHTEIIFHO O€TOHA.

Bce 310 TpeOyer TipoBeAeHHS AONOIHHUTENBHBIX IKCHEPUMEHTAIBHBIX
WCCIICZIOBaHUI BIUSHUS NapaMEeTPOB MEPHOAMYECKOTO MPOdUiIs apMaTypbl
Ha XapaKTEPUCTHKH €€ CIETIICHUS ¢ OETOHOM.

Bropast riiaBa mocBsIeHa YKCIIEPUMEHTANEHBIM UCCIICTIOBAHUSIM BIIUS-
HUS IAPaMETPOB NEPUOTUIESCKOTO PO apMaTyphl Ha MPOYHOCTH CIIETI-
JieHus ¢ OSTOHOM W TepeMeNIeHHsI OTHOCHTEIBHO OSTOHA CTEKJIOTIIACTHKO-
BBIX CTEp)KHEW Pa3UUHBIX TUAMETPOB H C PA3IMYHBIMH JIIHHAMH KOHTAKTa
¢ 6€TOHOM B U3THOAEMBIX JIEMEHTaX.

HccnenoBanus BHIMOIHEHBI C CTEKIIOMIACTUKOBOM apMaTrypoi Tpex pas-
JUYHBIX mpousBoauTened Pecrmyonuku benmapycp (UIl  «MwuHmacT»
r. Munck, OAO «Crporikommosur, T. ['omens 1 OO0 «HayuHo-mipou3Boi-
cTBeHHast komnanus «busnec-Kontunent» (r. bpect)), u Bkimoyanu B ce0s
CpaBHUTENBHBIC UCIBITAaHUS 0aJOK Ha CBOOOMHBIX OIOpaX, apMHPOBAHHBIX
CTEpXHIMH CTEKJIOIJIACTUKOBOM apMmaTypbl 1uameTpoM oT 4 MM 10 10 mm
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yKa3aHHBIX MPOM3BOIUTENICH C Pa3IMYHBIMU JUIMHAMH KOHTAKTa apMaTypbl
¢ 6eronom (10, 20 u 309). Uccnenyemple oOpa3ipl CTEpIKHEH HMENH
pasIMYHBIC TapaMeTpPhl IEPUOINYECKOT0 IpoduiIs apMaTyphl, OTIHYAIOIIH-
€Csl TAKUMU BaKHEHITNMA KPUTEPHAMH, KaK OTHOCHTENbHAS IUIOMAb CMS-
TUs nonepeuHbix BbICTYNOB (oT 0,015 mo 0,25), yroa HakioHa HaBUBKU
npodus (ot 28° 1o 80"), UKMCIO HABHBOK (KPyYeHOH HUTH U3 CTEK/ISHHOTO
BOJIOKHA, 00pa3yIoNiel MepruoanuecKuii mpomiIb) B CEUSHUH CTEPKHS (011
HY ¥ IB€ HAaBUBKH B CCUCHHU).

INonepeyHoe ceueHHe OMBITHBIX OOPA3LOB MPUHATO MPSIMOYTOJBHBIM C
pasmepamu cTopoH b X h = 150 x 300 mm. J{nuna obpasuoB L = 1500 mMm.
OmnebiTHas Oayka B cepeuHe pasjesieHa Ha ABe YacTi. D QeKTHBHas BBICOTA
OeToHa (BBICOTA CXKATOW 30HBI OeTOHA) 3aUKCHUpOBAaHA ITyTEM YCTAaHOBKU
CTaNbHBIX YTOJNKOB B IIPEJENaxX BBICOTHI X = 80 MM C IIapPHUPOM MEXKIY
HUMHU (pucyHOK 1). B HmXHeW yacTm B mpeaeniax 30HBL YHUCTOTO H3ruba
(B mpenenax 600 Mm) 6eToH oTcyTCcTBYET. [IpH 5TOM B OJJHOM YacTH 3a7€TIKI
(I») koMTnO3UTHAs apMaTypa HaxXoJMJIach B KOHTaKTe ¢ OETOHOM, a B JPyTOH
gactu (150 mm u 300 — /) crieneHre HCKyCCTBEHHO HCKITIOUeHO. [Tomeped-
Has M CKaTas apMaTypa OTCYTCTByeT. BennunHa OTHOCHTENBEHOTO MpoJeTa
cpe3a MPUHSITA MOCTOSTHHON U paBHON 450 MM.

1500

Wsonupviowan Tpybka
A\
300-/ea lod \
[ | \

—
Haonw wian Tpyhka /
| A\

o —

30

150 300 600 300 l 150

Pucynok 1. — I'eomeTpuueckue XapakTepUCTUKH ONBITHBIX OalloK

OnbITHBIE 00pa3lbI-0aIKi U3TOTOBIIEHBI B pa300PHON JEepeBAHHON oma-
ny0ke ¢ (OpMOBaHHEM B TOPHU3OHTAIBHOM TOJOXCHHU (I apMatyphl).
[MpusMeHHass MPOYHOCTH OCTOHA MO pe3yabTaTaM HCIBITAHHKA COCTaBHIIA
36,5 MIla Bozpacte 28 cytok. CpeaHee 3HAUEHHE NPOYHOCTH OETOHA Ha
pacTsbKeHHe MPH M3THOE MO pe3ysibTaTaM HCIBITAaHUK 5 0alloK ceueHneM
100 x 100 x 400 MM Ha nu3rud cocrasuio f., = 3,0 MIla.

VcnpiTanus mpoBeAeHBl Ha THApaBinndeckoM mpecce Kadenpsl JKBK
BHTY c paccrossHueM Mexay AByMsS TOUYKAMH MPUIIOKEHUS Harpy3ku Ha
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6anky 500 MM, pacroOIOKCHHBIMH CHMMETPUYHO OTHOCHUTEIBHO IIEHTpa
npornera. PaccrosHue OT Omopsl 0 MecTa NPHIOKEHUS HAarpy3Kd OBLIO
npuHITO 450 MM.

Jnst u3yueHus BIUSIHUS TapaMeTPOB MEPHOANYECKOTO MPOQUIIS CTEKIO-
TUTACTUKOBBIX apMAaTyPHBIX CTEPXKHEH Ha MPOYHOCTH CIEINICHUS C OETOHOM
Y TIepeMeIeHNS] OTHOCHTENILHO OeTOHAa KOMITO3UTHOM apMaTyphl pa3IHnYHbIX
JMaMETPOB M C Pa3HbIMH JUIMHAMH KOHTaKTa ¢ OETOHOM B M3rHOaeMbIX JKe-
71€300€TOHHBIX IEMEHTaX, KOHTPOINPOBAIICSA XapaKTep pa3pyLICHNs OIIBIT-
HBIX 00pa3IoB M MaKCHMalbHYIO Harpy3Ky, P KOTOPOM CLEIJIEHHE CTeK-
JIOTUTACTUKOBOM apMaTypsl ¢ OETOHOM He HapyHmICHO (Ppax), @ TakXke Iepe-
MEINICHUs He3arpykeHHoro (cBoOoHoro) (s1) 1 3arpyxeHHoro (s0) KOHIIOB
apMaTypHOTO CTEp)KHS OTHOCHTENBEHO HapyXHBIX IpaHel O6eToHa Ha 00oMX
KOHIIax oOpa3ua. Cxema yCTaHOBKH JJISt IPOBEJICHUS HCHBITAHUI TIPE/ICTaB-
JIEHa Ha PUCYHKE 2.

P P

450 500 450

[ S e W44 W45 M4-2 Wy-1
(O 3 £ e vt + = =

1400

Pucynox 2. — Cxema ycTaHOBKHM JJIs1 UCIIBITAHUIN

Pa3pymienne onpITHEIX 00pa3lioB MPOUCXOIUIIO B PE3YIbTaTEe BOZHUKHO-
BEHHS OJTHOTO M3 TPEX CIyyaeB: MPOCKAIb3bIBAaHUA apMaTypbl OTHOCUTEIb-
HO 0OeTOHa, CKaJBIBAaHMS 3aIIUTHOTO CJIOS OETOHA WM pa3pbiBa KOMITO3UT-
HOW apMaTyphbl.

IIpenenpHas Harpyska Imepes paspylieHHEM 0Opas3LoB 3aBHCENA KaK OT
MapaMeTpoB MEPHUOJMUECKOr0 MPOGUIISl apMaTyphl, TaK U OT BEITUYHHBI 3a-
JIEJIKM apMaTypbl B O€TOH W JUaMeTpa CTEKJIOIUIaCTUKOBOW apmartypsl. Ha
MPEACTABICHHBIX TpaduKax (PUCYHOK 3, 4 U 5) MOAMIUCH PsIOM C MapKepa-
MH yKa3bIBAIOT BEJIMYMHY OTHOCHTEIBHOM IIIOMANN CMATHS MTEPHOIUIECKO-
ro mpouIsl apMaTypsl ONBITHEIX 00pa3moB. Ilpmuem MapkepoMm B BHIE
KBaJpaTvKa MOMEYeHbl 00pa3lbl C apMaTypod MEepUOIUYECKOro MpoQuis
¢ IByMs HAaBUBKAMHU B CEYCHUU CTEPIKHA U YIJIIOM HaKJIOHA HABUBOK Mpodu-
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ns — 28°. OcranbHele 06pasibl (0603HAYEHBI MAPKEPOM B BHAE poMba H
KpY’XKa) UMEJIH OTHY HAaBHBKY B CCUCHUH CTEPXXHA. MapKepoM B BUZIE POM-
6a yKkasaHbl 0OPA3IBI C YIIOM HAaKIOHA HaBHBOK 60°, a B BHIE KPyXKKa —
00pa3sIpl ¢ yriioM HaKJIOHA HABHBOK 80°.

Pazpymrenne Oanox, COMPOBOXKITAIONIEECs MPOCKAIB3BIBAHUEM CTEKIIO-
IUTACTHKOBOW apMaTypbl OTHOCUTEIBHO OCTOHA, IPOUCXOIUIO MPAKTUIECKU
BO BCEX oOpasnax ¢ JIMHOHN 3aJIeTIKU apMaTypHBIX CTep)KHEH B OCTOH paB-
HoU 100 m 200 (pucynok 3). [Ipu 3TOM TONHOE HapyIICHHE CHCTUICHUS
apMaTypsl ¢ OCTOHOM HaOMIOAATIOCh HA OJHOM M3 KOHIIOB HCIBITYEMOro
oOpasna. Mckimoyenne cocTaBmiy 1Ba oOpasna ¢ AIHHON 3aIeNIKHA apMarTy-
pel OetoHOM 204, CO CTEKIOIIACTUKOBBIMU CTEPXKHIMU  (IUAMETPOM
9,5 MM), HMCIOIIMMH 3HAYCHHE yI/Ia HAKIOHA HaBMBOK mpodus 28° (Bemn-
YHHA OTHOCHTENbHOW Turomanu cMmatus 0,15, 4melIo HAaBHBOK B CCUCHHU
CTEepIKHS — 2), pa3pylIeHHe KOTOPBIX MPOUCXOINIO BCICICTBUE CKATBIBAHUS
3aIMTHOTO CJI0s O€TOHA HA OJHOW M3 IMOJIOBUHOK OIBITHOW Oanku. [laHHBIC
IIBa CIy4as CBUJIETCILCTBYIOT O OOJBIIEH PaclOPHOCTH MEPHOANIECKOTO
npoQuiIs CTEKIOIUTACTHKOBOW apMaTyphl, HUMEILIed HaWuMEHBIINH yroi
HaKJIOHA HABUBOK MPOGHIIS.

1500
HanpameHwne B
apmartype nepepg ool
1300 - paspyweHuem
obpasua, MMa g'ﬁ
0,17
1100
900
700
500
300
5 10 15 20 25 30 35
OTHOCUTENbHAA 4NMHA KOHTaKTa apmartypbl ¢ GeTtoHom I,/
——0,23 —oﬁﬂo,nag —{)P—l‘l_.lf).gp 107 'J
¢+ 01 + 0,246 o 0,015 O 0,152
O 0,152 O 0,138 O o1

Pucynok 3. — I'paduk 3aBHCUMOCTH MTPE/IeTIbHBIX HANPSDKEHUI B apMaType
B MOMEHT pa3pyLIeHUs1 00pa3L0B OT OTHOCUTEIbHOM JJIMHBI KOHTAKTa
apMaTypbl ¢ 6E€TOHOM
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UYeTblpe OMBITHBIX 0Opaslia ¢ JJIMHOW 3a/IeIKK apMaTypbl B OETOH paB-
HOH 304 pa3pymanuch Mo MPUYUHE pa3phIBa CTEKIOIUIACTHKOBON apMary-
puL. Ilpu 3TOM, Tpu oOpasia U3 pa3pyLIMBLUIMXCS 10 MPUYHHE pa3pbiBa ap-
MaTypsl (D6 MM, D7,7 MM U D10 MM), OBUTH CO CTEPXKHSIMH, UMCIOIIUMHU
HauOOJIBIINE 3HAUCHUSI OTHOCHTENBHOM miomanu cMatus f. = 0,2, f, = 0,23
u f, = 0,17. YToJI HaKlIOHa HABUBOK MPOQMIIA ISl YKa3aHHBIX 00pa3IoB Co-
craBisin 60°. UerBepThlit 06pasell 03 paspyIIMBIIAXCS IO IPHINHE Pa3phiBa
crepxHs (J5 MM) ObUI C apMaTypod NMEPHOANYECKOr0 PO C ABYMS
HABMBKAMHU B CEUCHHH, C YIJIOM HAKJIOHA HABHBOK podus 28° i sHaueH -
€M OTHOCHUTENBHOM turomamy cMsatus f,. = 0,1.

Crnenyer OTMETHTh, YTO OJUH 0oOpasell ¢ AIuHOM 3axenku 30 ¢ apma-
TYpOil EPHOMYECKOro MpoQHIIs C yIIIOM HAKJIOHA HABHBOK mpodms 60°
(4uClI0 HAaBMBOK B CEYEHHM CTEPXKHS — 2), U 3HAYCHHWEM OTHOCUTEIBHOU
wromanu cmatus f, = 0,11, KoTopsIil pa3pyImmics BCIEACTBUE MPOCKAIb-
3BIBaHUS apMaTypbl OTHOCHUTEIBHO OCTOHA, JOCTHT IPEACTHHON Harpy3Kd
nepes paspylIeHHUEM, COOTBETCTBYIOIIEH <HAaNPSKEHUSIM B apMaType
o = 1213 MIla. YuuTsiBasi, 9TO JaHHOE 3HaYEHUE COOTBETCTBYET BPEMEH-
HOMY CONPOTHBIIEHHIO pa3pbiBa CTEKJIOMJIACTUKOBOW apMaTyphl, MOXXHO
clenaTh BBIBOJ, YTO apMarypa B MPEAETbHOM COCTOSIHUU Tepe] pa3pylie-
HUEeM oOpasma, Obuta ONMM3Ka K paspbiBy. Hambosiee HHM3KHE MOKa3aTeld
MPOYHOCTH CICIUICHHSI apMaTyphl ¢ OETOHOM IOKa3aimy 00paslbl ¢ apma-
Typol ¢ HAaUMEHBIIMMHU 3HAUYEHUSAMH OTHOCHTEIBHON IJIOMIaI CMATHUS
(f, = 0,015 u £, = 0,02), B KOTOPBIX pa3pylIcHUe OATOK CO BCEMH JUTHHAMU
KOHTaKTa CTep KHEl ¢ OETOHOM COIIPOBOXKIAIOCH POCKAIH3BIBAHUEM apMa-
Typbl OTHOCUTEIHHO OETOHA.

[lepeMereHus - He3arpy>KCHHOTO KOHIIA  apMaTypbl OTHOCHTEIHHO
HapY>KHBIX CJIIOCB OETOHA ONpeAeIeHbl Ha KaKIOM dTale Harpy>KeHus ¢ Mo-
MOIIBI0 MHAUKATOPOB 4dacoBoro tuma MY-1 (MY-3), ycTaHOBIEHHBIM Ha
apMaType Ha Topmax oOpasna. BemnunmHa mnepeMerneHus 3arpyKeHHOTO
KOHITa apMaTypsl (s1) ompemencHa Kak pasHHIA MEXIy NehOopMaiusMy,
YCTaHOBJIEHHBIMU IO IMOKa3aHUSIM WHAMKATOPOB YacOBOTO THUIA, 3aKper-
JIeHHBIX Ha CTpyOllMHe, Ha 3arpy>KeHHOM KOHILIE apMaTypbl B HEMOCpe-
CTBEHHOH OJIM30CTH OT Toplia oOpa3la W BBIYMCICHHBIX JeQopManuit
y4acTKa apMaTypbl OT TOYKH 3aKPEIUICHUS CTPYOLUHBI 0 HadYalla 3aJIeJIKU
CTepXHs B OETOH, COOTBETCTBYIOIIMX IaHHOMY J3Tamy Harpyxenus. [lo-
CTPOCHBI TPapUKU 3aBUCUMOCTH TEPEMEICHUI apMaTyphbl OT HampsHKeHUH
Ha 3arpy’KeHHOM KoHIe cTepkHs. [Ipr aToM 11t Bcex 00pa3IoB mepemerte-
HUSl HE3arpy>KEHHOT'0 KOHIIA apMaTypbl OTHOCHUTEIHHO OETOHA C yBelu4e-
HUEM Harpy3KH YBEIUYMBAJIHCh MPUMEPHO 10 JTUHEWHOW 3aBUCHUMOCTH JIO
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ypoBHS, cooTBeTcTBYIOMEro 0,7 OT MpeAenbHOW HArpy3KH, COOTBETCTBYIO-
el HapyIIEHWIO CIEIUICHUS cTepkHeid ¢ OeroHom. Ilocie mocTikeHUs
ATOW HArpy3KH HaOI0/IaTI0Ch YBEIMUEHHUE MTPUPAIICHUN TTepeMeIeHu TIpr
yBeNUYeHUH Harpysku. [IpenenbHas BeTUYHMHA MEPEMEIICHUH He3arpyKeH-
HOT'O KOHIIA CTEP)KHEH OTHOCHUTEIEHO OETOHA B MOMEHT pa3pyIleHus: Oalok
JUTsE 00pa3loB C apMaTypol ¢ HAUMEHBINTMMH 3HAYCHHUSIMH OTHOCHUTEIBHON
TUIOMIAJ CMATHUSL BapbHUpOBajach B 3aBHUCUMOCTH OT JAMAMETpa CTEpKHEH
U OT JJIUHBI KOHTaKTa ¢ OeToHoM OT 0,02 MM 110 0,22 MM. JlaHHAsI BeIHMYUHA
Uit 00pas3IioB ¢ apMarypoil ¢ OOJNBIIMMH 3HAYCHUSMH OTHOCHUTEILHOU
IJIOMIAAN CMSTHS BapbHpPOBAlIach B 3aBUCUMOCTH OT JUaMETpa CTEpKHEH
Y OT JUIMHBI KOHTaKTa ¢ 6eToHoM ot 0,07 mm 10 4,0 MM. Biusane nuametpa
apMarypsl Ha BEIMYMHY €€ MEepPEMEIICHN OTHOCUTEIBHO OETOHA CKa3hIBa-
JIOCh HE3HAYUTEIHHO, XOTSl YCTAHOBJICHO, YTO HAWOOJBIIHE TEPEMEIICHUS
He3arpy>KeHHOTO KOHIIa apMaTyphl JJIsl CTep >KHEH COOTBETCTBOBAIM 00pas-
1aMm ¢ OOJIBIIUM IUAMETPOM APMATYPHI.

[Tepemenienns 3arpy>k€HHOTO KOHIIA apMaTyphl OTHOCHTEIHLHO OETOHA
JUTSL BceX 00pa3lioB yBEIUYMBAIHCH 0oJiee PABHOMEPHO, YeM He3arpyKeH-
HOT'O KOHIIA, YTO CBSI3aHO C TEM, YTO Ha JAHHYIO BEJIMUYUHY OOJIBIIIOE BIIUS-
HUE OKa3bIBAIM COOCTBEHHBIC Je()OpMAIUN PacTSHKEHHS CTCKJIOTUIACTHKO-
BBIX CTEPKHEN.

B Tpertbeii riaBe BBINOIHEH aHAIHM3 PE3yJLTATOB KCIICPUMEHTAIBHBIX
WCCIIeIOBAaHUH CLICTIIIEHHUS! C OETOHOM CTEKIIOTNIACTUKOBOM apMaTyphl ¢ pas-
JIUYHBIMH MMapaMeTPaMHy MEPHOAMUECKOTo MPoduis. Pe3ynbTaThl HCIIBITAHKS
OMBITHBIX O0pa3IloB MpEJCTABICHBl B CBOAHOM Tabmmie 1. Ha ocHoBanwmn
PE3yIBTATOB OMBITHBIX AaHHBIX YCTAHOBIICHO BIHSIHUE TE€OMETPUYECKHUX TMapa-
METPOB MEPHOANUECKOTO TIPOMUIIA U JUTHHBI 337I€IKA apMaTypbl Ha BEJTMUHHY
MepeMeIeHni | CTEKJIOIUIACTUKOBBIX  CTEpP)KHEH  OTHOCHTENIbHO — OeToHa
(pucyHOK 4).
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MapkupoBka ONBITHOTO o0Opaslia TpejacTaBicHa abOpeBHaTypoid
BX/Y*Z-R-W. TlepBblii CHMBOJ MapKHUPOBKH OIBITHBIX 0OOpa3IoB Mpel-
ctasiieH OykBoit b. BTopoil cuMBOI MapKUpPOBKH COJEPKUT UG OTHOCH-
TeNnpHON Tomanan cMatust (f.). TpeTwil CHMBOJ mociie HAKJIOHHOW YEpTHI
o0o3HauaeT 1uaMeTp apMarypsl & (MM). UeTBepTHIi CHMBOM ITIOCIe 3HaKa
(*) yka3pIBaeT AJMHY KOHTaKTa apMaTypbl ¢ OCTOHOM, JCICHHYIO Ha AHa-
metp (//D). TlaTelii cuMBOI mociie 3Haka Jeduc yKa3blBaeT yroji HakJIOHa
HaBUBKH NPOGUIIS apMaTypHOTO CTEP>KHS, U MIECTOI CUMBOJ — YUCIIO HABU-
BOK B C€YEHUHU apMaTyphl.

YcnoBHbIE 0003HAUEHHUS:

«IIp» — mnpockanb3blBaHHE KOMIIO3UTHOM apMaTypbl OTHOCHTENBHO
OeToHa Ha OJHOM M3 KOHIIOB OaJIKH;

«P» — paspymienne o0pasloB B pe3ynbTaTe < pa3pbiBa KOMIIO3UTHOH
apMarypabl.

«Pac» — packoi 3amuTHOTO Ci10s OeTOHA

45 MNepepenvhHan |
BenuYMHa

3.5 HesarpyseHHoro

KoHua
3 apmatypel, MMy 5 [ & W%
0 0,14 |
2.5 T |
2
15
1
0.5 |
0,02
______ 0,17 0,23
ol 8 o I 0,15 0,0159 0,11
5 10 15 20 25 30 35

OTHoCUTeNbHAA ANMHA KOHTaKTa apmaTypel ¢ 6eToHom /@
—p—0,23] =—g=—0,231 ¢ 0174 & 0174 ¢ 0,107 =e= 0,02 =-o= 0,02

o 0015 0O 0152 O 0152 O 0138 0O 0138 0O 01

Pucynoxk 4. — I'paduk 3aBUCUMOCTH NpeeIbHON BEIMYHHBI IIepeMEeHAI
He3arpy’»KeHHOI'0 KOHIIAa apMaTypbl OT OTHOCUTEIbHON AJTMHBI KOHTAKTa
cTepxHeil ¢ 6eToHOM
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B pesynbrare sKcnepuMeHTa yCTaHOBJIEHO, YTO IPH JUIMHE 3a/ICKU apMa-
TYPHBIX CTep)KHEH B OeToH, paBHO# 30, mapaMeTphl EpHOANIECKOTo TIPpodhu-
71 HE OKAa3bIBAIM 3HAUUTENHHOTO BIUSIHUSA Ha BEIMYMHY MEepeMelleHui Hesa-
IPY’>KEHHOTO KOHIIA CTEP>KHSI.

Ipu mmmHAax 3a/1eKu apMaTypHBIX cTepkHeill B 6eTon 20 1 MeHee, ¢ yBe-
JUYEHWEM OTHOCHUTEIBPHOM IUIOMagu CMSTHS IEPUOANYECKOTO MPOQHIIL
HaOJIFOIa7IOCh yBENMYCHHUE TPEICTbHON BENMUMHBI TIEPEMEIICHA apMaTyphbl,
YTO CBSI3aHO ¢ OoJiee BBICOKOH MpeienbHON Harpy3Koi B MOMEHT paspyILCHUsI
00pa3LoB. Pe3ynbpraThl COMOCTaBIEHMSI ONBITHBIX JAHHBIX, MONYYEHHBIX ‘Ha
o0pasmax ¢ apMaTypoi, IMEIOIIeH TPUMEPHO OTMHAKOBEIC 3HAYCHHUS OTHOCH-
TEIbHOHI IJIOAAN CMATHUS HONEPEUHbIX BBICTYNOB IOKA3aIM, YTO OOpa3Libl
C apMaTypoii ¢ IByMsI HABUBKAMH B CEUEHHUH CTEPXKHS U YIJIOM HaKJIOHA HABH-
BoK mipoduis 28° (Ha rpaduKe TOMEUEHE MAPKEPOM B BHJIE KBAZPATa) HMEIH
MEHBIINE 3HAYCHHS BEIUUMHBI IEPEMELICHUI He3arpyKEHHOTO KOHIIA CTEPXK-
Hs, TI0 CPaBHEHHUIO C 0OpaslaMM C OJHOM HAaBUBKOW B CEUCHHU U C YIJIOM
HaxsToHa npogst 60°.

BenmunHa nepeMerieHuii apMaTyphl CHIDKAIACh TAKKE TPH YBEITHICHUH
3aleNIKu apMaTypbl B OeToHe. IIpuuem, Amst apMaTyphl ¢ OONBLUIMMU 3Hade-
HISIMHA OTHOCHTEIBHOM IJIOMIAAN CMATHS MPOGIIS 3TO YMCHBIICHHE TPO-
UCXOIIIIO O0Jiee MHTEHCHBHO.

JlnHa aHKEPOBKH apMaTyphl B OETOHE JIOJDKHA OBITh Takoi, YToObI pH
JUINTETIFHOM JICHCTBUM HArpy3KH He MPOUCXOUIIO JATbHEHINEr0 CMEICHUS
He3arpyKeHHOTO KOHIa apMatypsl. [103TOMy, BaXKHBIM KpUTEPHEM CIIETIIe-
HUSI SIBJISIETCS] BEJIMUMHA HANPSDKEHUH B apMaType IpU Hadaje CIABUra BCEro
CTepikHs. M3Mepsemble B Tpoliecce UCTIBITAHUH MepeMEeIeHUs He3arpysKeH-
HOTO KOHIIA CTEP)KHS HE BIIOJIHE YETKO XapaKTEPH3YIOT 3TOT MOMEHT, TaK
KaK BKJIIOUYAIOT B ce0s MOMHMO COOCTBEHHO CABUTa apMaTyphbl TAKXKe U Ie-
peMelneHust 0eTOHa, TONyUYCHHBIE B Pe3yJibTaTe JACIUIaHALUKN TOpIia o0pas-
11a, reopManuit CMITHS O BBEICTYTIaMH IIEPHOIUIECKOro npoduist. OxuH
U3 TIOAXOAOB TPEIoIaraeT 3a KpUTSPHd TaKoi HArpy3Kd MPUHAMATE YCH-
J1sl, COOTBETCTBYIOIUE TEPEMEILEHUIO HE3arpyKEHHOI0 KOHLA apMaTyphbl
Ha BennuuHy 0,2 MM.

s omipenieneHrss MOMEHTA Hadaia CIBHTa CTEPIKHSA, MO IIKaJe CHIION3-
MEpUTENs] PErUCTPUPOBANIUCH YCUIIUS, COOTBETCTBYIOLIME NEPEMELICHUIM
HE3arpy’KeHHOro KoHua ctepkHsa Ha 0,2 MM, ONpeeIeHHBIM 10 MOKa3aHU-
M WHIUKaTopa 4YacoBoro Ttuma. ['paduk 3aBHCHMOCTH MaKCHMalIbHBIX
HaNpsDKEHUH B apMaType B MOMEHT Haualla CBUTa CTEPKHsI OT JUIMHBI KOH-
TaKTa apMaTypbl ¢ OCTOHOM IIPEJCTABIEH HA PUCYHKE 5.
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o-sh/fy 0,25
1 0,11, 0,17
0,23
0,02
- 003 o mm=2 0,015
X 4 4 " 0,1 5
w8
td
1
0.6 -
0,17
0.4 V A
0,140, |
%02
0.2
0
5 10 15 20 25 30 35
OTHOCMTENBHAA ANKWHA KOHTaKTa apMaTypbl ¢ 6eToHom l‘b /D
——0,23 —4—0,1739 =©= 0,02 e 0107 e 01 + 0,246

o 0,015 O 0,152 O 0,152 O .0,138 O o1

G, — MAKCUMAJIbHBIC HAMPSDKCHUS B apMaTtype o0pas3nos
B MOMCHT HaJala CABUra CTEpPXKHS,
J, — cpellHee 3HAUEHHUE MPeZieIa HPOYHOCTU apMaTyphl Ha Pa3phIB

Pucynok 5. — I'paduk 3aBHCHMOCTH OTHOCHUTEITBHBIX MAKCUMATBHBIX
HanpsDKEHUI B apMaType B MOMEHT Havalla CJIBUTA CTEP)KHS OT OTHOCHTELHOMN JTHHBI
KOHTAKTa apMaTypbl ¢ 6ETOHOM

Pe3yJ'ILTaTI>I aHajIM3a OIIBITHBIX AJAaHHBIX IIOKa3ajikh, 4YTO CIBUI' BCETO
CTepIKHS He Habrogancst BIUIOTh O MOMEHTa pa3pymIeHUs BCeX 00pasiioB
(MOCTHXKEHHS MaKCHUMAaJIbHBIX HAMPSHKEHUH B CTEPIKHAX) C ATUHON 3aICIKH
crepxHei B 6eton 300, [pu mmHe 3a1enku cTepkHel B 6eton 200 capur
CTep KHS HE HaOJIOANICSA BIUIOTH 0 MOMEHTA pa3pylIcHHs 00pasIioB ¢ ap-
MaTypoil ¢ HanboJiee HU3KHUMHU 3HAYCHUSIMA OTHOCUTEIBHOM TUTOMIAIH CMSI-
THSA HpO(bI/UIH (3TO CBsI3aHO C MCHBIIIUMHU Hpe}IeHBHbIMI/I HaHpH)KGHI/IHMI/I Ha
3arpy>KCHHOM KOHIIE CTEp)KHS y ATHX OOpa3lloB), a TaKKe C apMaTypoH,
HMEIOIICH MCHBIIIeE 3HAUCHUE YTJIa HAKIIOHA HABUBOK MIPOQUIIS (280).

MoMeHT Havajia CABHra apMaTypPHOTO CTEP)KHS OTHOCHTENIFHO OeTOHA
BO BceX oOpasmax ¢ JiMHOW 3aaeiku 100 HacTynal paHee MOMEHTa pas-
pytieHus: oopasos. [Ipuuem, yCHIHE COOTBETCTBYIOIICE MOMEHTY Hadaja
CIIBHTa apMaTypbl OTHOCHTEIILHO OETOHA COCTABIISIIO:
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—0,66...0,7 oT ycunusi, COOTBETCTBYIOIIETO HAOJIOJaeMbIM B OIBITAX
MaKCHMAJIbHBIM HaNpsDKCHUAM B apMaType C OTHOCHTENIFHOHM IUIONIABIO
cmsrus f, = 0,17...0,23 ¥ ¢ yrioM HakJIOHa HAaBHBOK MPOGUITSI 60°;

—0,74...0,79 oT ycunus, COOTBETCTBYIOIIETO MaKCUMAIbHBIM HaIpsKe-
HISIM B apMaType ¢ OTHOCHTENBHOH miomansio cMatus f, = 0,14 u ¢ yriaom
HAaKJIOHA HABHBOK MPOQUIIS 28"

—0,85 oT ycunus, COOTBETCTBYIOIIEIO MAaKCUMAJIbHBIM HANpPsDKCHUAM
B apMmarype ¢ OTHOCHUTEIBHOH muromansio cMmsatus f, = 0,02 u ¢ yriaom
HAKJIOHa HaBUBOK Tpodhust 80°.

B 4eTBepTO#i IJ1aBe NpeACTaBICHBI MPEVIOKEHHUS IO paCueTy aHKEepOB-
KA B OETOHE CTEKJIOIUIACTUKOBOM apMaTyphl C pa3IM4YHBIMU MapaMeTpaMu
nepuoardeckoro mpodmisd. PemmTs 3agady onpeneneHns IIHHBI aHKEPOB-
KU CTEKJIOIUIACTUKOBBIX apMaTypHBIX CTEpXHEH B OCTOHe C y4eToM mapa-
METPOB NEPUOAUIECKOTO MPOQUIIS ApMATYPhI MPEICTABISIETCS] BO3ZMOXKHBIM,
€CITH YCTaHOBUTH 3aBUCHMOCTh MEXKIY CPEIHHM 3HAUCHHEM IIPeleIFHOTO
HaNpsOKEHUs CLETUICHUs (fpy) U 3HAUCHUSAMHU OTHOCHUTENBHOM ITOAAN CMs-
TUSI IOTIEPEYHBIX BBICTYIIOB apMatTyphl (f,) U yIIOM HaKIOHA HaBUBOK IPO-
¢mns. Cormacao CHB 5.03.01-02, st yenoBHiA IIPOBEICHHBIX HCIBITAHUIN
(=03 =04 =1, oy =0,7), pacueTHas AJUHA aHKEPOBKU HEHANpATaeMOi
apMaTyphl JOJDKHA ObITH HE MEHEE BETHYHMHBI, PACCYNTAHHOM 1O (hopMyIie:

ha =041, =0,7-(%4) % =0,7-(2)- SR/ T 0

bd M M2 N3 Sea

rze J — muaMeTp apMaTypHOTO CTEPXKHS, MM;

Jya— pacdyeTHoe conpoTusienue apmarypel, Mlla;

fra — CpeiHee 3HaUECHUE HAIPSDKEHHH CIICTUICHUS 110 KOHTAKTY apMaTyphl
¢ 6eronom, MITa;

fetd— pacdeTHoOe colpoTuBIIeHNe OeToHa pacTsbkenuto, MIla (pu y. = 1,5).

N1 — KO3 QUIMEHT, yYUTHIBAIONINI BINSHNAE YCIOBUI CHEIUICHUS U T10-
JOXEHUE CTepyKHEH IIpU OETOHUPOBAHUY;

M2 — K03 HUIMEHT, yIUTHIBAIOMINI BIMSHAE THAMETPa CTEPIKHS;

13 — K03(pUIMEeHT, yauThsIBaromuii popmy npodumns apMarypsl.

3aMeHss B JTaHHOM BBIPa)KEHHH PacueTHOE CONPOTHBIEHHE OETOHa pac-
TSDKEHHUIO (frry) aKkTHUECKON MPOYHOCTHIO Ha pacTshKeHHMe (fy) U pacyeTHOe
CONpPOTHUBJIEHHE apMaTyphl (f;¢) GaKTUUECKUMU HOPMAIIbHBIMU HAIIPSKEHH-
MU B CTEKJIOIIIACTUKOBOM apMaType (Oy), 10 ONBITHBIM 3HAYEHUSM HaIpsi-
JKEHUH, COOTBETCTBYIOIUX HAPYUICHUIO CLEIUICHUS apMaTypHOTO CTEPXKHS
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¢ OeTOHOM (HACTYIUICHHIO MOMEHTa Hayaja CABHTa apMaTypHOTO CTEP)KHS
OTHOCHTENIBHO O€TOHA), MOXXHO OIPEACIUTH OIBITHBIC 3HA4eHUS Kod(Pdu-
LIUEHTA 773, 3aBUCSIIIETO OT IapaMeTPOB IEPHOUIECKOT0 MPOGHIIS apMaTyphbI:

0,70,
4Ny Socl ’

3 (2

T€ Gy — NpeAebHbIE HANPSHKEHUS Ha 3arpy>KEHHOM KOHIIE CTEKJIOIUIACTH-
KOBOM apMaTypbl, COOTBETCTBYIOIINE HAPYIIEHUIO CLETUIEHHSI apMaTypPHOTO
cTepxHs ¢ OeTOHOM (HACTYIUICHUIO MOMEHTA Hayalla CJIBHTa apMaTypHOTO
CTEpPXKHS OTHOCHTEIbHO OeToHa), MI]a;

fer— TipouHOCTH OeToHa Ha pacTskeHue, MIla;

[, — NIMHA KOHTAKTa CTCKJIOTIACTHKOBOM apMaTyphl ¢ 6ETOHOM, MM.

[MocTpoeHs! 3aBUCHMOCTH BIHMSHHUS OTHOCHTECIHHOM TUIOIIAAN CMSITHS
MIOTIEPEYHBIX BBICTYIIOB apMaTypbl Ha OMBITHBIC 3HAYEHHs KOd(pQUIMEHTa
13, KOTOpBIE N300pa)KCHBI Ha PUCYHKE 0.

MeToa0M PEerpecCHOHHOI0 aHalln3a MOCTPOEHbl IMIIUPHUECKUE 3aBUCH-
MOCTH KO3(HIIHCHTA 773 OT OTHOCUTENBGHON TUTOMIAIU CMATHS Tpodwis (f;)
JUIS CJIy4aeB C YIJIOM HAaKJIOHAa HABUBOK MPOdHIsL 60° (3aBEUCHMOCTH 3)
¥ JUISL CITy4aeB C YIJIOM HAKIOHA HaBMBOK mpodmus 28° (3aBucuMOCTS 4).
JIlocTOBEpHOCTh MOCTPOCHHBIX MAaTEMATHYECKHX MOJEJCH OMBITHBIM JaH-
HBIM cocTaBiser R? = 0,8352 u R? = 0,9597, cOOTBETCTBEHHO ISl YTIIOB
Hakiona HauBok 60° 128",

st o.=60" ->n;=0,22-In(f,)+2,77, 3)
st o =287 > 15 =0,44-In(f,) +3,64. 4)

3aMeHs1s YUCIIOBbIE NTapaMeTphl B 3aBUCUMOCTIX (3) u (4) Ha OyKBEHHbIE
0003HaYEHUS, TOTyYUM 3aBUCHMOCTbD:

n; =G -In(f,)+G,, ©)

/i f, — 3HAUCHHE OTHOCUTEIHHOW IUIOIIAMN CMATHS ITOTIEPEYHBIX BBICTYIIOB
CTEKJIOIIACTHKOBOW apMaTyphl;

G, u G, — smmuprdeckne K03(h(GUIMEHTHI, 3aBUCAIINE OT yIila HaKJIOHA
HABUBOK MPO(HIISA B MPHHUMAEMbIE COTJIaCHO TaduuIe 2.
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s

vy =0,436ln(x) + 3,64 -

=]
n

04 : i :
0 0,05 0,1 0,15 0,2
+1'Ipe,11a.rae.\ms JABHCHMOCTE J19 C.I'I‘V‘ial'( C )"ITIO.\I HAKTOHA HABHEOK HPO¢H.'IZ 28 rpa.:[}-‘con
=& -[Ipextaraenad 3aBHCHMOCTB /14 CTyHaA ¢ YITIOM HAKTOHA HABHEOK npodix 60 rpazycos
=== HuxHA4 rpaHHIa JOBEPHTEILHOIO HHTEPBATa

PucyHok 6. — 3aBHCUMOCTb OTIBITHBIX 3HAYCHUH KOA(PDHUIIMEHTA M3
OT OTHOCUTEIBHOMH IJIOIIAAN CMSTHUS TIONIEPEUHBIX BBICTYTIOB
CTEKJIOIIACTHKOBOM apMaTypbl

Tabmuua 2. — 3naueHust ko3 purmenToB G u G, k 3aBucuMoctH (5) u (6)

3HavyeHue yria 3HaueHue 3HaueHue
HaKJIOHA 0e3pa3MepHOro 0e3pa3MepHOro
HaBUBOK PO, ko3 dunmenta kodddurmenTa
a, G G,
28 0,44 3,64
60 0,22 2,77

I[J'ISI MIPOMEIKYTOUYHBIX 3HAaYCHU I YTJIOB HAaKJIOHA HaBUBOK HpO(i)I/IJ'ISI 3Ha-

YyeHue Kod(QuIenTa 13 peagaraeTcs OnpeaeisTh HHTCIOINCH.
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C menpro HazHaueHHs KO3(h(HUIMEHTa T3 C JOBEPUTEIHHON BEPOSTHO-
cTbio0 95%, 3HaueHHe AaHHOro Kod((UIMEeHTa HpeyIaraeTcsi CHIKaTh Ha
BEJIMYMHY TPaHUIIBI JIOBEPUTEIFHOTO HMHTEpBasia, paBHylo (t x S). Torma
3aBUCUMOCTh, KO HUIIHEHTa 13 OT OTHOCHUTEIBHON IUIOMIAAN CMSITHSI TIPO-
¢ (f,) Oyaer npejcTaBicHa B BUJE:

rae 0,24 — rpaHuIa JOBEPUTEIBHOTO HHTEPBaJa ¢ 00ecriedeHHOCThIO 0,95.

INomy4enHsle orapupMUIeckue MOJEIH CIPABEAIUBBI IPU 3HAUCHUAX
oTHOCUTENbHON Imromaau cmsitust 0,015...0,25 u yrimax HakIoOHA MPOGIIIL
ot 28° 10 60".

Hcrnonp3ys nomydeHHbIe TorapudMudeckue MOAENH, TOCTPOESH CBOTHBIH
rpa(uK CONOCTAaBICHUS AJIMHBI aHKEPOBKHU, MOJYICHHON PAaCUCTHBIM METO-
JIOM TIO TIpEUIaraeMbIM PEKOMEHMAINAM, C (PaKTHICCKUM €€ 3HAYCHHEM.
CpenHeKkBagpaTUYECKOE OTKIOHEHUE, XapaKTepU3YIOLlee PacCeMBAHUE dM-
MUPUYECKUX TOUEK BOKPYT JIMHUYU CPEAHEr0 3HAY€HMs] OTHOCUTENbHOU JUIN-
HBI aHKepOBKH paBHO S = 0,765. Koadhduiment Bapuanuu cocrasinser 3,1%.
PacueTHble aHHbIE BIIOJIHE XOPOILIO COTTACYIOTCSI C PE3YJIbTaTaAMHU OIBIT-
HBIX JaHHBIX.

Takum 00pa3oM, pacdyeTHyIO MJIMHY AaHKEPOBKH CTEKJIOIUIACTUKOBOM
apMaTyphl B OETOHE Ipeaaraercs OpeaessiTh COTIacCHO HOPMAaTHBHON Me-
toquke CHB 5.03.01-02 «beToHHBIE 1 ke1e300€TOHHBIE KOHCTPYKIUM IS
pacdyera aHKEPOBKH CTaJIbHOW apMaTyphl IIPU YCIOBHM Ha3HA4YeHHS KOd(-
¢dunuenta m; B QopMmysae s ONpeAeNCHUS IMPeeTbHOTO HalpsKCHUE
CIIETIJICHUS] 110 KOHTAaKTy apMarypbl ¢ OETOHOM (f;), IO PEKOMEHIyeMOit
3aBucuMocth (6). [lpu 3TOM, yka3zaHHasi 3aBHCHMOCTH CHpPaBEJINBa IPU
3HAYEHUSX OTHOCHTENBbHOU Iuiomaau cMstus ot f, = 0,01 mo £, = 0,25 u yr-
nax Hanona npodus ot 28° 10 60°, a TakKe mpH PpaKTHIECKOH MPOUHOCTH
0OeToHa Ha CkaTHe, COOTBETCTBYOIIEH Kitaccy C30/37.
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3AKJIIOYEHUE

OcHOBHBIe HAYYHbIE Pe3yJbTAThI AUCCEPTALINU:

1. DKcepUMeHTaNbHbBIE MCCIIECAOBAHUS TIOKa3adl OOJNBIIYI0 paclop-
HOCTh NEPHOAMYECCKOTO MPOQHIS CTEKIOIUIACTHKOBONH apMaTypbl, MMEI0-
nie HAaMMEHBIIMKA yrojl HaKJIIOHa HaBUBOK MPOMWUIISI, COCTABIISFOINNN 280,
4TO B JaJbHEUIIEM MO3BONUT MPOTHO3UPOBATH BEPOSITHOCTh PACKAIBIBAHUS
CTEKJIOIUTACTOCTOHHBIX 00pasIoB [5, 6, 8].

2. BriepBble yCTaHOBIIEHBI OIBITHBIE 3aBUCUMOCTH, ITOKa3bIBAIOIINE, YTO
MPOYHOCTbH CLEIUICHHUS ¢ OETOHOM CTEKJIOILIACTUKOBON apMaTyphl HOBBIIIA-
€TCsl C YBEIMYEHHEM OTHOCUTEIbHOM IUIOIAAY CMATHUS MONEPEYHBIX BBI-
cTynoB npo¢uis [4, 7, 8].

3. Iomy4eHsl 3KCIEpUMEHTANbHBIE 3aBUCUMOCTH, MOKa3bIBAIOIINE, YTO
YBEJIMYEHUE JUIMHBI 3aJIeJIKK apMaThl B O€TOH NPUBOJIUT K CHIXKEHUIO BEJIH-
YUHBI IEPEMEIIEHUH apMaTypHBIX CTEp)KHEH OTHOocuTenbHO OeToHa. Ilpu-
4eM, JUIS apMatypbl ¢ OOJNBIIUMH 3HAYEHHUSMH OTHOCHUTEILHOW IIJIONIA U
CMATHS IPOQUIIS 3TO CHIYKEHUE MPOUCXOIUT O0JIee HHTEHCHBHO, YTO TIOA-
TBEPAKACT aKTyalbHOCTh Ha3HAuCHMs OOJICE BBHICOKUX 3HAUEHHUN OTHOCH-
TEJIFHON TUIOIIATN CMSTHS MONEPEYHBIX BBICTYNIOB MPOQMIIS IPH H3TOTOB-
JICHUM apMaTyphl C LEJIbIO CHUKEHUS B3aMMHBIX IIepeMEeIleHI cTeKIomIa-
CTHKOBBIX CTEep)KHEH M OeTOHa B CTEKIOMIACTOETOHHBIX KOHCTPYKIMAX
[3, 8, 9].

4. B pe3ynpTare 3KCIEPUMEHTa YCTaHOBIIEHO, YTO MPH JJIMHE 3aeNKu
apMaTypHBIX CTep)KHeil B 0eToH, paBHOI 30J, mapaMeTpbl epHOIUYECKOTO
npoQuis He OKa3bIBAIOT 3HAYMTEILHOTO BIMSHAS HA BEIHYMHY MEpeMere-
HHUM He3arpyXeHHOI0 KOHLA CTepkHs. IIpu 1nuHe 3aienku apMaTypsl B
6ertoH, paBHOU 200 m MeHee, IPH MPUMEPHO OJWHAKOBOM 3HAYCHUH OTHO-
CHUTENBHON TUTOIMAAN CMSITHSL TMPOQHIS CTEepKHEeH 00pas3lbl ¢ apMaTypoi
C ABYMsI HABUBKAMHU B CCHCHNHU CTCPIKHA U MCHBIINM YTJIOM HAKJIOHA HABU-
BOK HMENIW MEHBIINE 3HAUYEHHUS IepeMEIleHUIl He3arpy>kKeHHOro KOHIa
ctepxHs. IloaydeHHble JaHHBIE MO3BOMAIOT YCTAHOBUTH HAaMOOJEE MOJIHBLI
nepeueHb (PakTOpoB, BIUSIOIMX HA BENWYMHY MEPEMELICHUI CTeKIIONIa-
CTHKOBOM apMaTypbl OTHOCUTENBHO OeTona [3, 8, 10, 11].

5.Ha oOCHOBaHMM 3KCHIEPUMEHTAIIBHO-TEOPETUYECKUX HCCIIEIOBAHUN
C UCIIOJIb30BAHUEM METOAOB PErPECCUOHHOIO aHAJIN3a ONPEAEICHBI 3Haue-
HU KoddunmenTa n; B GopMyie IS ONMpeIeTICHUsT CPETHEro 3HAYCHUS
MPCACIIbHOTO HAIIPSKCHUA CHCIUICHUA II0 KOHTAaKTYy CTEKJIOIIJIACTUKOBOM
apMaTypbl ¢ OETOHOM, YYHUTHIBAIOIIETO OTHOCHUTEIBHYIO IDIOIIAAb CMSTHS
MEPUOANYECKOTO MPOUIL U YroJl HakjoHa HaBUBOK npoduiisi. [TomyyeHsl
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OMBITHBIC (DYHKIIMOHATBHBIC 3aBUCUMOCTH, MTO3BOJISIONINE ONPEACIATh 3Ha-
qeHns: Kod(pPHUIreHTa M3 IS CTEKIOINIACTHKOBOW apMaTyphl ¢ pa3IHIHbI-
MU 3HAYCHUSMH OTHOCHTEIBHOHN IUIOMIAN CMSTHS MOIMEPEYHBIX BBHICTYIIOB
npoGWIHS U ¢ Pa3IMIHBIMH yTIaMH HaKJIOHA HABUBOK nipoduis [1, 2, 3].

6. Pa3paboTaHbI MPeIOKEHHS IO pacyeTy aHKEPOBKU B OETOHE CTEKIIO-
IUTACTUKOBOM CTEPXKHEBOH apMaTypbl C yYETOM I'€OMETPUUECKUX MapaMer-
POB TIEPUOIMYECKOTO TPOGIISL apMaTypsl. [IpemnoskeHusT MO3BOILIIOT pe-
[IATHh BAXHYIO MPUKIAJHYIO 33a4y Ha3HAYCHHUS] ONTHMAIILHBIX [TApaMEeTPOB
MEPUOMYECKOTO MPOGUIS TPU H3TOTOBICHUH CTEKJIOIUIACTUKOBON apma-
TYpBI, YTO CHOCOOCTBYET 3PPEKTUBHOMY BHEIPEHHUIO B CTPOUTEIHHYIO OT-
pacib KOMHO3UTHOH apmarypbl. COIMOCTaBICHHE OIBITHON ¥ pacyeTHOU
JUTMHBI aHKEPOBKH IOKAa3aj0, 4YTO METOJMKA pacdera C HCIOJIb30BAHHUEM
MpelaraeMbIX PEKOMEHIAIMN TaeT XOpoliee MPUOMMKEHHE K IKCIEpH-
MEHTaJIbHBIM JaHHBIM [2].

PexoMeHaanuu 1o NpaKTHYECKOMY HUCI0JIb30BAHUIO Pe3yJIbTATOB:

C uenbio 060CHOBaHHOT'O MPUMEHEHHUSI KOMIIO3UTHOW apMaTypbl B CTPO-
UTEIBCTBE, PEKOMEHAYETCS IpPHU KOHCTPYHPOBAaHHH HM3THOAEMBIX CTEKIIO-
IUTACTOCTOHHBIX KOHCTPYKIMI Ha3HAYaTh JUTMHY aHKEPOBKH CTEKJIOIIIACTH-
KOBOM apMmarypsbl corinacHo HopMmatuBHOil metoauke CHbB 5.03.01-02 «be-
TOHHBIE M JKEJe300€TOHHBIC KOHCTPYKLUI» Al pacyera aHKEpPOBKU
CTaJBHOW apMaTyphl IIPH YCIOBUH Ha3HaueHHs kKodddunrenta 1; B popmy-
Je Ui OIpeJeieHUs] MPENEIbHOr0 HAMPSHKEHUS CLEIUICHUS MO KOHTaKTY
apMatypel ¢ 0eToHOM (f5g), O pekoMeHayeMol 3aBucumoctu (5.5). Ilpu
3TOM yKa3aHHasl 3aBUCHMOCTH CIIPABEIINBA ITPH 3HAUCHHSIX OTHOCHTEIEHON
momany ematus of £, = 0,01 10 £, = 0,25 u yrimax saknouna npoduis ot 28°
10 60°, a TaKKe pH (PaKTHUECKOW POYHOCTH OETOHA Ha C)KAaTHE, COOTBET-
cTyromei kiraccy C30/37.
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P33I0MD

Capin J0paim SAry6

CYMECHAS PABOTA BETOHA I IIKJIOIVIACTBIKABAM
APMATYPBI 3 POSHBIMI BIZAMI ITEPBIAABIYHAT A
MMPOP®LIIO

KirouaBpIs CIOBBHI: HIKIIOIDIACTHIKABAS apMaTypa, KamIla3iTaOeTOHHBIS
KaHCTPYKIBIi, CUAIUIEHHE, aHKEPOYKi, TphIBaNIacLp, 13(hapMalbli.

Al'exTam JacnefaBaHHSY 3'Ayisdenia IIKJIOIUIACTBIKABBIS . apMarypa
3 pO3HBIMI reaMeTPBIYHBIMI ITapaMeTpamMi MephIsIbIaHara IpoQiIto.

[Mpagmeram nacienaBaHHS 3'SYISIONNA  XapaKTapBICTHIKI CYATUICHHS
3 OeTOHaM UIKJIOIJIACTBIKABAM apMaTyphl 3 PO3HBIMI BEJIYbIHAMI aJHOCHA
IUTONIYBl 3MsTara mepwisAbluHara npoimio, KyTami HaBiyki Hpodiiio
1 JJiKaM HaBiBaK ¥ MEPACceKy.

Mbra paboThl ckjamaeliia y pacnpamloylbl MpanaHoy Ma pasiiKy
AaHKepOYyKi ¥ OCTOHE IIKJIOIUIACTHIKaBal CTPHDKHEBAH apMaTypsl 3 ylikam
reaMeTPHIYHBIX MTapaMeTpay MephiapIaHara mpoQiIo apMaTyphl.

[Ipbl  BbIKAHAHHI Mpanbl BBIKAPBICTOYBATICS IKCIEPHIMEHTAIBHBIS
MeTajpl JacieJaBaHHSAY CUAIUICHHS apMaTypel 3 OeToHaMm, a Takcama
CTaTBICTHIYHBIL METAIBI alPAIl0yKi SKCIIEPEIMEHTAIBHBIX 1a13CHBIX.

Y mpanbl BBIKaHAHBI -OKCIEPHIMEHTANBHBIL JaciieAaBaHHI CYAIUICHHS
3 OeToHaM 1 aHKEPOYKi  INKJIOIUIACTHIKaBalk apMaTypbl 3 PO3HBIMI
reaMeTphIYHBIMI  MapaMeTpaMi TephisapldHara npodigro. YTIepuibIHio
aTppIMaHbl ~ Mau3CHBIA = Tpa  VIUIBIY  aIHOCHAH  IUIOIIYBI  3MSTBIX
HephIsablYHara po@idio MIKIOMIACThIKaBall apMaTyphl, a TakcaMma ByTJa
Haximy HaBiBak mpoQimI0 Ha TpHBAaJaclh CYAIUIGHHS 3 OeToHAM
1 IepaMsIIY9HHS CTPBDKHIY aqHOCHA OeToHY. PacmpanaBaHsl IpaaHoBEI mMa
pasiliky aHKEpOyKi ¥ OeTOHE ILIKIOMIACTBIKABBIS apMaTypHBIX CTPBLKHSAY,
SKisT Ja3BaJIIONb BBI3HAYAI JAY)KBIHIO AHKCPOYKI IIKIIOIIIACTHIKABBIS
apMaTypBbl, YIiYBAIOYBl aTHOCHYIO IUIOIIYY 3MSTHIX HAIsPOYHBIX BBICTYIAY
1 KyT HaxiJly HaBUBOK NPOQiIIO.

BeiHiki  jgacnmemaBaHHsSY Aol MaryeiMacilp  abrpyHTaBaHara
BBI3HAYSHHS CSAPIIHATAa 3HAUAHHS TPaHidHAra HaNpyKaHHS CYAIDICHHS Ia
KaHTaKIe 3 OETOHAM JUIS y>KBIBAIBHBIX BiJlay MIKJIOILTACTHIKABAW apMaTypBL,
a TakcamMa CHOPBIAIONb VKapaHeHHIO Y  TPakThIKy OyJayHilTBa
NIKJIOTUIACTHIKABBIS  apMaTyphl 3 IHIIBIMI [apaMeTpaMi TMepbIsablyHara
npodiiro.
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PE3IOME

Capun Jopaum Sryo

COBMECTHAS PABOTA BETOHA 1 CTEKJOILUIACTUKOBOU
APMATYPBI C PA3JIMYHBIMU BUJAMU NIEPUOJUYECKOI'O
IMPOPUNJIA

KiroueBple citoBa: CTEKIIOIUIACTHKOBAs apMarypa, KOMIIO3UTOOCTOHHBIE
KOHCTPYKIIUH, CLIEIUICHUE, aHKEPOBKA, IPOYHOCTD, e(POpMALHIH.

OOBEKTOM HCCICIOBAaHUN SBISETCA CTEKJIOIUIACTHKOBAS - apMaTypa
C pa3INYHBIMU TEOMETPHYECKIMH MAapaMeTPaMH IIEPUOTIMIECKOTO IPOPIIIS.

[IpenmeToM wuccnenoBaHUs SIBIAIOTCA XapaKTEPUCTHKH CLEIUICHUS
¢ OCTOHOM CTEKJOIUIACTUKOBON apMaTyphl C pPa3IHYHBIMH BEITHUYMHAMU
OTHOCHTETIGHON IUIOMIAZM CMSTHS HEPHOTUYECKOro Mpoduis, yriamMu
HABHBKY MPO(UII U YUCTIOM HABUBOK B CCUCHUH.

Ilens paboThl cOCTOUT B pa3pabOTKe NMPeIOKEHUN IO pacueTy aHKe-
POBKHM B OETOHE CTEKJIOIUIACTHKOBON CTCP)KHEBOH apMaTyphl C Y4EeTOM
TeOMETPHIECKUX MTapaMeTPOB MEPUOITIECKOTO MTPOHIIT apMaTypEbI.

le/l BBITIOJTHCHUHA paGOTI)I HCTIOJIBb30BAJINCh SKCTICPUMCHTAJIbHBIC METO/IbI
HCCTIEIOBAaHUH CICTICHUS apMaTypsl C OCTOHOM, a TaKKe CTAaTHCTHUYECCKUE
METOJBI 00pPabOTKH YKCTIEPUMEHTAIBHBIX JTaHHBIX.

B paGote BBIMOMHEHBL SKCIEPUMEHTATIBHBIE UCCIEAOBAHUS CLEIUICHUS
¢ OETOHOM W aHKEPOBKH CTCKJIOIUIACTHKOBOW apMaTypsl C pa3lNUYHBIMU
TEOMETPHYCCKUMH ITapaMETpaMi  IMIEPUOIMYECKOr0 Mpodmisi. Brmepsrie
MOJTyYeHbl JAHHBIE O BIMAHUM OTHOCHUTEJIBHOM IUIOIIAAM CMSTHUSA MEPHO-
JUUECKOTro Mpoduis CTEKIOMIACTHKOBOW apMaTyphl, a TaKXKe yIia HaKIOHA
HaBUBOK MPOMMISL Ha MPOYHOCTH CIEIICHHS ¢ OETOHOM M IEpEeMEUICHUS
CTEp>KHEH OTHOCHTENBHO OeTOoHA. Pa3zpabGoTaHbl MpeUIOKEHUS 10 pacueTy
AQHKCPOBKM B OCTOHE CTEKJIOIUIACTUKOBBIX apMAaTYPHBIX CTEp)KHEH, 103BO-
JSTIOITAE OMpEAENSITh [UINHY aHKEPOBKH CTEKJIOIUIACTHKOBOM apMaTypHl,
YUUTHIBAsI OTHOCUTEIHHYIO IIOMIAb CMSTHUS TTOIIEPEYHBIX BBICTYIIOB U YTOJI
HAKJIOHA HABUBOK NPOGHIIS.

PesynbraTel mccnemoBaHMH MAlOT BO3MOXKHOCTH OOOCHOBAHHOTO OIIpe-
JETICHUSI CPeIHETO 3HAYCHHS TPeNeTbHOTO HANPSDKEHNS CHETDICHHS 10 KOH-
TakTy ¢ OETOHOM JUIl PUMEHSEMBIX BHUJOB CTEKIIOIUIACTUKOBON apMaTyphbl,
a TaKXKE CIOCOOCTBYIOT BHEAPEHHIO B TIPAKTUKY CTPOUTENIBCTBA CTEKIIO-
TUTACTUKOBOH apMaTyphl ¢ IPYyTHMH apaMeTpaMi EPHOIITIECKOTO IPOQHIISL.
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SUMMARY
Sadin Ebrahim Yaghoub

COMBINED ACTION OF CONCRETE AND FIBERGLASS REBAR
WITH DIFFERENT TYPES OF PERIODIC PROFILE

Keywords: fiberglass reinforcement, composite concrete structures,
bond, anchoring, durability, deformations.

The subject of research is fiberglass rebar with different geometrical pa-
rameters of a periodic profile.

The subject of research are characteristics of bonding of fiberglass rebar
with different values of a relative area of bearing of a periodic profile rib, tilt
angles of profile rib and a number of ribs in section with concrete.

The aim of the work is to develop proposals for calculation of embed-
ment within the concrete of fiberglass rod rebar taking into account geomet-
rical parameters of a periodic profile of rebar.

In performing the work there were used investigations of bond as well as
statistical methods of processing of experimental data.

In the work there were performed the experimental researches of bond-
ing with concrete and anchoring in it of fiberglass rebar with different geo-
metrical parameters of periodic profile. For the first time ever there were
obtained evidences of influence of relative rib area of periodic profile, as
well as tilt angle of profile ribs of fiberglass rebar on durability and shifts of
rods relative to the concrete. The proposals on calculation of anchoring
within the concrete of fiberglass reinforcement rods allowing to determine
the length of anchoring of fiberglass rebar were developed, taking into
account a relative rib area of transverse projections and tilt angle of profile ribs.

Research results give a possibility to determine reasonably by the contact
with concrete the bond limiting stress mean value for the used types of fi-
berglass reinforcement and also to promote the implementation in the con-
struction practices the fiberglass reinforcement with other parameters of pe-
riodic profile.
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