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PE3YJIbTATbI SKCINMEPUMEHTAJIbHO-TEOPETUYECKOI'O AHAJIN3A
OJEPOPMATUNBHOCTIWN T-OBPA3HbIX ¥Y3/10B,
YCUNEHHbBIX BETOHAMW HA HAMPAIAKOWWEM LEMEHTE

Lienecoo6pasHOCTb NMPUMEHEHNS B CTPOUTENBCTBE CTa/IbHbIX
NpsMOYrO/bHbIX TPY6 00yCnoBieHa Cnefyrowmmm sfdekTamm:
CHVDKEHME METa/IIOEMKOCTH, TPYAOEMKOCTU W, Kak CnefCcTBue,
CTOMMOCTW CTpouTeNnsCTBa. Kpome TOro, faHHbIA npotwnb mo-
3BONSET MOMYYMTb XOPOLLUME 3CTETWYHbIE U (DYHKLMOHALHO-
KOHCTPYKTUBHblE PELUEHWs1 3[4aHUIA C NErKUM METaINYeCKUM
KapkKacoM. S(pheKTUBHOCTb NPUMEHEHUS CTa/lbHbIX MPAMOYTO/b-
HbIX TPYyO 06YCNOB/EHA TaK e paLvOoHaIbHON (hopMoii NX ceve-
HUSI, XOpOLUEel TEeXHOMOrMYHOCTbIO M 3CTETUYHOCTBIO Becthaco-
HOYHbIX Y3/0B.

B Pecnybnuke Benapycb npounm v KOHCTPYKUMU AaHHOTO
TNa M3roToBAOTCA MOMOAEYHEHCKUM 3aBOIOM NIErKUX MeTa-
NINYECKUX KOHCTPYKUMIA. B 3afaHNsIX C METa//IMYECKM KapKacom
ABNAeTC 3PHEKTUBHLIM KOMOMHMPOBaHKE B KOHCTPYKLMAX Mpsi-
MOYFOnbHbIX TPY6 M [BYTaBPOB. B MHOronponeTHbIX pamax B
KauecTBe KOJIOHH, paboTaloLLyX Ha BHELEHTPEHHOE CXaTue, BO3-
MOXHO MCMO/b30BaHKe NPSMOYTO/bHbIX TPY6, a B KayecTse pu-
reneid, NPeyMyLLECTBEHHO paboTatoLLMX Ha N3rnb, — ABYTaBPOB,
TaK Kak OHW 006/1afal0T BOMbLUEN XXEeCTKOCTbO B HanpasieHUu
OfIHOM 13 0Ceil cummeTprn. COMnpsdKeHMEe 3/1EMEHTOB C TEXHO/O-
FMYEeCKON, 3KOHOMMYECKOW U apXMUTEKTYPHO-3CTETUYECKO/ ToUeK
3peHws LienecoobpasHo BbIMOMHATL 6ecthaCOHOUHbBIM.

OpHako 06CTOATENbCTBOM, OFPaHNYMBAIOLLMM TNPUMEHEHWE
KOHCTPYKLWMIA faHHOrO TUNa, SBNSETCA HEJ0CTaTOYHO M3y4eHHas
paboTa 6ecthaCOHOYHOrO y3na, W, CnefoBaTeNbHO, OTCYTCTBME
HOPMaTMBHON 6a3bl YYNTHIBAOLLMX OCOBEHHOCTM PaboThl AaHHbIX
Y3/10BbIX COEAVHEHWIA. ¥Y3/bl TAKOTO TUMA, KakK N MHOrue fpyrue,
06nafatoT MOAATNMBOCTLIO, T.e. CMOCOGHOCTHIO K B3aMMHOMY
MOBOPOTY COEAVHSIEMbIX B Y3/1€ 3/IEMEHTOB. 3TO CBOICTBO CylLLe-
CTBEHHO B/IMSET Ha pacnpefeneHne Yeuamidi B paMHbIX CUCTeMax,
YCTOWYMBOCTb X 3M1EMEHTOB 1 AehOPMaTMBHOCTb CUCTEM.

HeobXxoaMMo OTMETWTb, YTO MOAATIMBOCTL GeCaCOHOUHbIX
Y3/10BbIX COEAMHEHUIA CBS3aHa C 0COGEHHOCTAMM pPaboTbl TOHKO-
CTEHHbIX Mpoduneld, YCIOBUSAMU CNOXHOrO HanpsHKeHHOro Co-
CTOSHUA B 06/1aCTAX C /IOKANbHbIM Harpy>XeHWeM, KOHCTPYKTUB-
HbIMW OCOBEHHOCTAMM Y3/10BbIX COEAVHEHWIA, C HENMHEWHON pa-
60TO MaTepuana B NOKafbHbIX 06/1acTsX. Bonpoc onpeaeneHus
BE/IMUMH, XapaKTepu3yHOLLIMX NOAATMBOCTb, & TakKe ee y4eT npu
pacyeTe CTEpPXKHEBbIX CUCTEM B HacTOsiLLEe BPEMS WHTEHCUBHO
nccnesfyeTcs.

YMeHbLUUTL MOAATAMBOCTb Y3/10BbIX COEAVHEHWIA, a Takke
YBEMMUUTb HECYLLYIO CMOCOGHOCTb Y3/10B W3 MPSMOYrOMbHbIX
Tpy6 6e3 (PacOHOK BO3MOXKHO 3a CHET YCUNEeHWs y310B. TpaauLu-
OHHblE METOfbl YBENNYEHMS HECYLLEei Crnoco6HOCTM Y3/10B OCY-
LLECTBNSIOTCA U3MEHEHWNEM FeOMETPUYECKUX MapamMeTpoB COeau-
HSIeMbIX 3/IEMEHTOB, NMPUMEHEHVEM 60/ee NPOYHLIX CTasel, a TakK
e BBEfEHMEM [JOMOMHUTENbHbIX KOHCTPYKTMBHbIX 3/1EMEHTOB
(thacoHOK nogknagokK v T.M.).

Kak BapuaHT ycuneHns y3na aBTopamuy JaHHoOl cTaTby Npeg-
NaraeTcs 3ano/HATL NO0CTY NPSMOYTO/bHBIX TPYO 6ETOHOM.

WNaes ycuneHns MeTanmyecknx Tpyd GETOHOM MW NpuMe-
HeHVe Tpyb606eTOHa B MpaKTUKe CTPOWTENbCTBA M3BECTHA YXKe

okono 100 neT. Tpy6o6ETOH MOMYYMA LUMPOKOE NPUMEHEHME.
AheKTMBHOCTL TPYOOOETOHHBIX KOHCTPYKUMIA CBA3aHa C BO3-
HUKHOBEHMEM TPEXOCHOr0 06BEMHOr0 HanpsXKEHHOrO COCTOSHMA
6eToHa («adhpeKT 060WMbI»). OAHUM U3 TNaBHbIX HELOCTaTKOB
MPUMEHEHNS 00bIYHbIX GETOHOB A1 TaknX KOHCTPYKLWIA SBNSeT-
€A BO3MOXHOCTb OTCTaBaHWst GETOHHOrO fiipa OT CTEHKM TPYO6bl
BCMEACTBYME YCaAKM 6eTOHa MNPy TBEpAEHUM, a Tak Xe B npouecce
Harpy>eHus, BCNeACTBME pPasHULbI KO3h(umLmeHToB [lyaccoHa
6eToHa M MeTaina. MpuMeHeHVWe GETOHOB Ha HampsAratoLMXcs
LleMeHTax MO3BO/MSET M3GeXaTb MOTepW CLenneHus 6GeTOHHOro
Spa CO CTEHKOI TPYObI.

BeTOHbI Ha Hampsrarlowux LEMeHTaxX Y)Ke Hallau LIMPOKOe
MPUMEHEHME B KOHCTPYKLMAX PasnyHOro HasHadeHus [1, 2, 3].
Kpome Toro, nprvMeHeHue GETOHOB Ha HanpsratoLyX LEeMeHTax
MO3BOMIIET MOMYUYNTb COBEPLLEHHO HOBble 3(h(heKTbl — NpeaBapu-
TeNbHOE HanpskeHue TPyobl B MOMEPEYHOM U MPOJO/LHOM Ha-
MPaBNeHVAX, BbIMO/HATL YCUNEHME Y3/10BbIX COEANHEHUN U3 TPYO
1 nofy4yaTb HOBble NpeABapUTE/IbHO-HAMPSXKEHHbIE KOHCTPYKLIMM
13 Tpy6[4].

ABTOpaMK HaCTOALLE cTaTby KCCnefoBanach BO3MOXHOCTb
ycuneHus T-06pasHbIX y3/10B GETOHaMM Ha HamnpsraroLlem Le-
MeHTe. Bblio NpoBeAeHO UCMbITaHWe Cepun y3M1oB 13 12 LWITYK B
nabopaTopun BenocToKCKo NOMUTEXHUKM, 10 M3 KOTOPbIX 6bII10
3arnosHeHo 6eTOHOM 1 2 y3na 6bln NCMbITaHbl NOMbIMU. JaHHbINA
3KCMEPUMEHT SABNSETCA NOrMYECKUM MPOJO/DKEHNEM NPOBeAEH-
HbIX paHee v1ccnefoBaHNin No AaHHON npobneme [4].

Ha nepBom 3Tane pa6OoTbl OMpPeAensisioch HarpsXXeHHO-
[edhopMMpOBaHHOE COCTOsIHWE TPY6bI B NpoLecce TBepAeHWs be-
TOHa Ha HampsratoLlem LemeHTe. Ha puc. 1 nokasaHa cxema uc-
MbITLIBAEMOTO Y3/1a 1 CXeMa Pacro/oKeHNs NPUGOPOB.

[ns viccnenosaHmi 6bin NpyUMeHeH 6eToH cocTasoM (Ha 1 m°
6eTOHa): HanpsratoLLmMiA LeMeHT 517 kr, necok 716 Kr, webeHb
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Puc. 1. Cxema pacCTaHOBKM TEH304aTUMKOB B Yy3nax BP-4, BP-11:
1- cTanbHas 3arnyluka; 2,4— ctanbHas Tpy6a;
3— 00bIYHbIN 6ETOH; 5— GETOH Ha HaNPAraroLLEM LiEMEHTE.

Neb6epb B.A.. ACCUCTEHT Kad). CTPOMTENbHLIX KOHCTPYKLMIA.

MyxmH A.B. KaHanaaT TexHUYeCKnX HayK, JOLeHT Kad. CTPOUTeNbHbIX KOHCTPYKLWI.
3nHKeBMY U.B. KaHamaaT TeXHUYECKNX HayK, JOLeHT Kad). CTPOUTENbHbIX KOHCT PYKLUIA.
BpecTckuii nonnTexHudeckuii tHeTuTyT (BMIA) Benapyce, r. BpecT, yn. Mockosckas, 267.
LLineHgak E. Mpodeccop, 4OKTOP TexHU4ecknx Hayk. benocToukas nonurexHuka (Pr1)).
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Puc. 2. Passutre fedpopmatinii CTeHOK TpyGbl BO BpEMEHM Mpu Puc. 4. CxeMa pacCTaHOBKM U3MepUTE/bHbIX NPUBOPOB.
TBEPAEHUM 6ETOHA Ha HAMPAratoLLEM LiEMEHTE. t42-47 — TeH30pe31CTOpbI; 163-66 — MHANKATOPbLI HAaCOBOrO TUNA.
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Puc. 5. AHann3 cXo4MMOCTH 3KCNEPUMEHTASbHBIX JaHHbLIX C pe-
3ynbTataMu pacyeTa MaTeMaTU4eCKoh Mofenu
PB-5, PB-mb-5— KpwvBble «MOMEHT—NOBOPOT» MOCTPO-
€HHble COOTBETCTBEHHO MO 3KCMEPUMEHTA/IbHLIM [jaH-
HbIM W pe3ynbTaTaM pacyeta MaTeMaTU4eckoli Mogenm
L1 y3na ycunieHHoro 6etoHoM; PB-12, PB-m-12 — anis

Puc. 3. Cxema UCMbITaHUS Y3/10BOT0 COEANHEHNS. N0/10r0 Y310BOro COEANHEHNS.
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600 Kr, BOfOLIEMEHTHOe OTHOLUeHMe 0,5. BETOH 6bin NPUroToB/EH
Ha 6e3ycafjouHOM LeMeHTe Mapku M500, ¢ copepxaHvem foba-
BoK Al,O3 — 6,47 %, SOz — 3,92 %, C yaenbHON MOBEPXHOCTLIO
Syn = 4707 cM?/rp 1 MMEN XapaKTepuUCTUKM MO CAMOHAMPSHKEHUIO
B CTaHAapTHbIX ycnosusx 0,5 MIMa, cBobogHoe paclumpeHve —
0,15 %, mapka no npo4HocT B40. CTOWKM BbINO/IHEHBI U3 CTa/N
knacca C375, matepuan purens — ctanb C390.

B Hauane cTolika y3na 3anoHanack 06bI4HbIM BETOHOM C TeM
)Ke COCTaBOM, Ha LemeHTe M300. 3atem 6eTOHOM Ha Hanpsrato-
LLieM LieMeHTe B 06/1aCTN COMPSHKEHNS pUrens v CToinku. Ceepxy
BHOBb YK/a/iblBaNCs 6ETOH Ha 06bIYHOM LieMeHTe. Cxema 3anon-
HEHWUS CTOKM GETOHOM WM CXeMa PacCTaHOBKU TEH30[aTUMKOB B
y3nax nokasaHa Ha puc. 1.

TeepfeHve 6eTOHa MPONCXOAWIO0 B FEPMETNYECKM 3aKPbITOM
MPOCTPaHCTBE, TakUM 06pa3oM, YCNoBMA TBepPAEHUSA Oblnn OTaNY-
Hbl OT HOPMa/IbHbIX. [03TOMY Be/MUMHA CaMOHaNPsXXeHUs 6eTo-
Ha aHanM3MpoBasiaCb B MPOLECCe WCCMEefoBaHUA HamnpsXeHHo-
[e(hOpMMPOBAHHOr0 COCTOAHMA 06pasLioB. Pe3ynbTaTbl uccneso-
BaHW NpefCTaB/eHbl HA pyC. 2 B BUAE KPMBbIX PasBUTUA fedop-
MaLmii BO BPeMEHU B NpoLecce TBepaeHNs GeToHa.

Ha cnepytoLLieii cTafum aKCrepyMeHTa 1ccneoBanoch pabora
T-06pa3HOro y3noBOro COEAVMHEHWS Ha [eACTBUM M3rubatoLLero
MoMeHTa. OLeHVBaach KpUTUYECKas Cina, npeaenbHbIli MOMEHT
N CTPOMAMCL Ha 6asze MOMYyYeHHbIX AaHHbIX 3aBMCUMMOCTWM M-¢
(«MOMEHT-yron NoBopoTa).

Ha puvic. 3 npefcTrasneHa cxema WCMbITaHWA Y3/1I0BOro COefu-
HeHUs Ha feiicTBre u3rnbarowiero MoMeHTa. McnbiToiBanuce T-
06pasHble Y3/10Bble COEAMHEHUS, CTOMKN KOTOPbIX Gblan 3anon-
HeHbl GETOHOM Ha HanpsratoLlem LemeHTe. MonyyYeHHble AaHHbIe
COMOCTaB/IANMNCL C 3KCTMEPUMEHTAIbHBIMU JaHHBLIMWU UCCNEA0BA-
HUIA Y3710B C NOMbIMM CTONKaMW. TakuM 06pa3oM aHa/IM3MpPoBasIcs
ahteKT ycuneHms ysna 6eToHOM. Cxema pacCTaHOBKW M3Mepu-
Te/bHbIX MPUOOPOB NPY UCTIbITAHWW Y3/10BbIX COEANHEHWIA 1 OC-
HOBHble reOMETPUYECKME MapamMeTpbl y3/1a nokasaHa Ha puc. 4.

Ha 0CHOBaHUW MOMYYEHHbIX JaHHbIX 419 Y3/10B CTPOATCA 3a-
BUCMMOCTU «MOMEHT - Yo NnoBopoTa», No3BoMAoLLME aHaIN3N-
poBaTb paboTy Y3/10BOrO COEAVHEHWS B MPOLIECCE HarpyXeHus.
[ns aHanusa agdekTa OT BBeAEHWS B MOMOCTb TPyObl GeTOHa
MOCTPOEHbI 3aBUCUMOCTY «MOMEHT - Yr0/1 NOBOPOTa» s MOMoro
y31a W y3na 3anofHeHHOro GeTOHOM CO CXOXMMMU reoMeTpuye-
CKVMU XapakTepucTukamu (puc. 5). And y3na PB-12 — #=0.71, 4
=19.58, pna PB-5- = 0.71, 1 = 19.86.

Ons  wvcecnefoBaHWs  HanpPsXXeHHO-A4e(hOpMUMPOBAHHOIO  CO-
CTOSIHWS Y3110B PaAMHbIX KOHCTPYKLUMIA CO34aHbl MaTemaTuyeckume
MOZENM W paccyuTaHbl NPy MOMOLLY NPOrpaMMHOr0 KOMIM/EKca
«MUPAXE» [10].

Y3en mogenvpoBancs Ha 6ase 241 KOHEYHOrO 3/ieMeHTa.
[JaHHbIVi KOHEYHbI 371eMeHT MO3BONSAET ONPefensTb HanpsXXeH-
HO-A4eOPMMUPOBAHHOE COCTOSHME TOHKMX MONOTMX NPAMOYTO/b-
HbIX B NnaHe 060/104ek. O60/104Ka PacCMaTPUBAETCA Kak bumarte-
puanbHas cucTteMa C M30TPOMHbIMUA (PU3NYECKU HENMHEVHbIMU
maTepuanamn. C Lenblo YMeHbLUEHUA NPOUAA MaTpPULLbl XKECT-
KOCTW NPOW3BOAWTCA MepeHymepaums Heus3BeCTHbIX. [N AaHHON
3aa4n NPUHAT MepBbli TUN onTUMmu3aummn (06paTHbI aropuTm
KaTxunna—Makku). TOYHOCTb pPasfokeHWs MaTpuubl  (MUHK-
M&a/IbHOE YMC/I0 Ha AuaroHasn TPEYroibHOro PasfioKeHNs MaTpu-
Libl >KeCTKOCTW paccmaTpmBaeMoli 3agaun) —1E-8. KonmuecTso
uTepauuii (napameTp OrpaHWUYMBaeT KOMMYeCTBO MTepaLmwii npu
MCMOMb30BaHUM HennHeliHoro npoueccopa) —30. [ns Bblumcne-
HUA 9KBUBASIEHTHbIX HAMPSHXKEHWA NPU OLEHKe HarpsXXeHHo-
[ethopMMPOBaHHOr0 MaTepuana B TOUKE NPUHATA SHepreTuyeckas
Teopusi Tybepa-I'eHku-Museca. [na pelieHUs MOCTaBEHHON
3afja4n 1Cnonb30BaHa MOANMUKaLMA LLIAroBOro MeTofa —MpocTon

LUaroBbIiA. MpPOCTbIM LUAroBbIM METOOM PELLAETCS JIMHEeapm3o-
BaHHas 33fiaya Ha KaXoM Lare ¢ (OpMUPOBAHMEM BEKTOPOB
MepeMeLLEHNIA, YCUNNA U HOBbIX MHTErpasibHbIX XKECTKOCTEl Mo
KacaTe/lbHOMY MOZAY/IHO C/IelyOLLErO Liara.

[lns aHanM3a CXoaMMOCTY PELLIEHNS MOTYYEHHOTO NPU pacye-
Te MOAENN C 3KCMEPUMEHTIbHLIMUA [aHHBIMU COMOCTAB/ISINCH
3aBUCUMOCTM «MOMEHT—TOBOPOT>» (pUC. 5). PesynbTaThl pacueTa
MaTeMaTN4ecKo MOAENM y3/ia MMEKOT XOPOLLYH CXOAMMOCTb C
3KCMEPUMEHTA/bHBIMM JaHHBIMU.

BbIBO/Jbl

1. TMonyueH 3theKT NPesBaPUTENIbHOTO HAMPSKEHUS CEYeHNs!
KBafipaTHOI TPyOb! B MOMEPEYHOM Harnpas/ieHUN.

2. OGecneurBaeTcs HafleXHOe CLEN/eHNe GETOHHOTO siapa U3
GeTOHa Ha HanpsraroLLeM LieMEHTe C BHYTPEHHEN NOBEPXHO-
CTbH CTEHOK TPY6bI.

3. BblwenepeuncneHHble  3eKTbl  MO3BOSIOT  BbINOMHSATL
YCU/IEHVE Y3/10BbIX COEAMHEHMIA BETOHAMM Ha HanpsraloLLem
LIeMeHTe.

4. BsefeHue GeTOHa B CTOVKY Y3/1a NMO3BOJISIET MOBLICUTH NPOY-
HOCTb U YKECTKOCTb Y3/10BOrO COE/IHEHNS].

5. PacueT mMaremaTUYecKoil MOAenM faeT NpUeMIeMbI pesyrib-
TaT, OfiHAKO CaM MPOLECC CO3/aHUs MOAEIN CIIOXKEH U [/INTe-
JIeH, NO3TOMY MNP PacyeTe Y3/I0B BOHUKAET HEOGXOAVMMOCTb
B MPOCTbIX pacyeTHbIX (DOPMYNax, OTPKALMX AeiicTBU-
Te/IbHY0 PaboTy Y3/10BOr0 COELIVHEHNS.
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