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ConocTasreHne nonyyenHbix 3Havennit K, no TKM u Espokoay 5
nokasblBaeT, YTO HaumeHbluas pashuua 1,89 % coctasnset npu rubko-
ctn A =90.

Mpu A = 150 pasHuua coctasnset - 43 %, a npu A = 30 (npu koTo-
POW JOMKHA BbINOMHATLCA NPOBEpKa Ha YCTOMUMBOCTL) + 32,5. Mpyn 3TOM
npn A < 50 koacpdmument K. no EBpokoay 5 60onblue eauHmLbl, YTo He
YMEEeT CMbIcna.

3aknioyeHue

1. UenbHas apesecuHa no EBpokogy 5 umeeT Gonee LnMpokuit avanasoH
rpagaumm no kavecty (12 knaccos Bmecto 3 coptos no Hopmam PB),
4TO N03BONSIET Bonee IKOHOMUYHO NPOEKTUPOBATHL LEePEBSHHbIE KOH-
CTPYKLMK, KPOME TOrO, Kaabli knacc npoyHocTy o EBpokogy 5 otnu-
yaeTCcs CBOMM MOyNeM ynpyrocTy, Yero HeT B Hopmax PB.

2. ConpoTuBneH1e Npy pacTSKEHUM Ans ANEMEHTOB BAOMb BOMOKOH MO
EBpokogy 5 cyliecTBeHHo Bhiwle, Yem no Hopmawm PB: B Heocnabnex-
HbIX ceyeHusix Ha 21,18 %, B ocriabnenHbIx cevenusx Ha 52,3 %. Mo-

CKOMbKY B cooTBeTCTBMM C [1] ocnabnenns Ha ydyactke go 200 mm
COBMELLAKTCA B OQHO CEYEHIE 1 MPUBOLAT K CYLLECTBEHHOMY ocrab-
NEHVIO 3MEMEHTA, TO He PEKOMEHYETCS MPOEKTMPOBATL ANEMEHTbI C
ocnabneHmsmMm, pacnomnoxeHHbIMM Ha yyacTke 4o 200 Mm.

3. Metoavka onpedeneHns koaduLMeHTa NpoaonbHoOro uarmba K
MpW LEHTPamnbHOM CKaTuu [JepeBsHHbIX anemeHToB no Hopmam Pb
[1] sBnsieTca 6onee koppekTHOM, Yem no EBpokoay 5 [2].
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OB UCTMOJIb3OBAHUN NMPOMrPAMMHOIO KOMITJIEKCA MCS.NASTRAN
AnAa AHAJIIM3A HANPAXEHHO-AE®OPMUPOBAHHOIO COCTOAHUA
XEJNNIESOBETOHHbIX 3JIEMEHTOB

BBepeHue. HecMoTpsi Ha pacnpoCTPaHEHHOCTL BETOHHBIX M Xeneao=
OETOHHBIX KOHCTPYKTUBHBIX S1IEMEHTOB, OHW OCTAOTCS BECbMA CIIOXHBIMM
Ansi pac4éTa M KOHCTPyMpOBaHWS. OTO CBSI3aHO [MaBHbIM 06pa3oM, co
CMOXHOCTbIO MPOrHO3MPOBaHUst paboTbl GETOHA NPy LENCTBN Hafpy3KW,
B MEPBYI0 OYepedb 3TO KACAETCS HOBbIX PELUEHUA KOHCTPYKTUBHBLIX  de-
MeHTOB. [py MPOEKTMPOBAHNM HETUMOBbLIX KOHCTPYKTUBHBIX |\ 3MEMEHTOB
OCHOBHasi CMIOXHOCTb MPY MOAENMPOBaHNM paboTbl KOHCTPYKLMIA'3aKA0Ya-
€TCs1 BBbIBNEHWM U3MEHEHMIA ee HanpsKEHHO-AehOPMIPOBAHHOIO COCTOS-
HUSI MIPU YBENWYEHUM HArPy3KuW, ONpeaeneHu MOMEHTA MOSIBNEHUS Tpe-
LUMH M 0cOBeHHOCTE paboTbl KOHCTPYKLMM C TPELLUHaMM.

[nsa noctpoerust mogeny paboTbl KOHCTPYKLWKW, Kak npaBuro, npu-
GeraT K 3KCMepuUMEHTanbHbIM WUCCeaoBaHUAM KOHCTPYKLWM, BbINON-
HEHHOI1 B HaTyparbHyo BenuiuHy. OnHaKo, kak M3BECTHO, U3rOTOBMNEHME
HaTYPHbIX CTPOMTESBbHBIX KOHCTPYKLMM SBRASIETCA [OPOroCTOAWMM M
TPYLOEMKMM npoueccoM. 103ToMy B nocregHee Bpems Ha HayamnbHbIX
aTanax MccrefoBaHus  HanpsKEHHO-AePOPMUPOBAHHOMO  COCTOSHUS
KOHCTPYKLMiA BCE Yalle npuberaioT K YUCIEHHOMY MOLENMPOBaHUI0, Kak
npaBuno, ¢ ucnonb3oBaHuem SBM.

K HacTosiemy MOMEHTY UMEeETCH BOMbLIOe KOMMYECTBO PA3NNYHbIX
NpOrpamMMHBbIX NAKETOB, KOTOPbIE OCHOBaHbI HA METOLE KOHEYHbIX 3ne-
MEHTOB M MO3BONSIOT MOAENMPOBATL PA3NuuHble N0 KOH(UrypaLun u
topme o6bekTbl Hanbonee pacnpocTaHeHHbIMU B Cpeae MHKEHEPOB W
NPOEKTMPOBLLMKOB, HAYYHbIX COTPyaHMKOB sBnstoTcs LiraSoft, ANSYS,
Sofistiky'SAP2000,;MSC.Nastran n gp. [1, 2].

B ocHoBy 06LLEFO pacyeTHOrO SApa BCEX BbILLENEPEUNCTIEHHBIX Npo-
rpamMmHbIX komnnekcos (IK) nonoxeH MeToa KoHeuHbIX anemeHToB. OfHa-
ko Kaxgbii 13 MK nmeeT cBOM 0COBEHHOCTM M IPaHULbI TPUMEHUMOCTM.

«LiraSoftysBNSIETC MHOrOMYHKLMOHAMBHBIM MPOrPaMMHbLIM KOMMEK-
COM, NpefHasHayYeHHbIM ANst NMPOEKTUPOBaHUS W pacyeTa CTPOUTENbHBIX
KOHCTPYKLMA pasnnyHOro Ha3HauYeHusi. PacyeTbl MOTYT BbINOMHSATLCA Kak
Ha CTaTM4eckue, TaK W Ha OMHAMUYeckue Harpysku. PasnuuHble noakio-
YaeMble MOAYNM NO3BONSIOT AenaTb NOAOOP W MPOBEPKY CEYEHUA CTamb-
HbIX 11 )X€Ne300ETOHHbIX KOHCTPYKLMIA, MOLENMPOBATb FPYHTHI 1 Jp.

[porpammubIi Mogynb «MoHoMax», Bxogswwin B cocTas LiraSoft,
npefHa3HayeH NS pacyeTa W NPOEKTUPOBAHUS KOHCTPYKUMIA 30aHniA 13
MOHOMMTHOTO Xene306eToHa, a Takke 3aaHuA C KMPMUYHBIMU CTEHamu. B
npouecce paboTbl NPOrpPamMMHOT0 MOAYMS MPOM3BOAMUTCS pacyeT 3AaHus
11 €ro OTAENbHbIX YacTell ¢ PopMUPOBaHMEM pabounx YepTexei u cxem
apMMPOBaHNS KOHCTPYKTVBHBIX 3nemeHToB. OpHako, HECMOTps Ha Jo-
CTaTO4HO MPOCTON WHTEpENC M OTCYTCTBME A3blkoBOrO 6apbepa, mpo-
rpaMmHbIn komnnekc LiraSoft no cBOMM BO3MOXHOCTSIM 3HAUUTEMBHO
YCTynaeT NpsMbIM 3apyBeXHbIM KOHKypeHTaMm.

lMporpammHblii komnneke «Sofistik» npeacTaBnseT coboit cpeacteo
BMPTYanbHOTO MOLENMPOBAHNS 11 CUMYMNALMW MOBEAEHNS KOHCTPYKLMN Npy
pa3nuuHbIX BO3EACTBUSX. [MaBHbIMW €ro [OCTOMHCTBAMU SIBMISIOTCS:
BO3MOXHOCTb Y4MTHIBATb (PU3NHECKYI0 1 TEOMETPUHYECKYHD HENMUHEHOCTb
MaTepuarnoB, NOM3y4ecTb, W3MEHEHWe HanpsKEHHO-AePOPMIPOBAHHOTO
COCTOSIHIS! BO BPEMEHM, BO3MOXHOCTb aKTUBHOTO aHanusa.

MSC.Nastran (c Haubonee u3BecTHbIM nocT-npoleccopoM Femap)
SIBNSIETCS MAKETOM KOHEYHO-3MEMEHTHOr0 aHann3a C BO3MOXHOCTbH
MOAKIIOYEHNS K 060MOYKE pa3nUYHbIX MHOMOMYHKLMOHANbHBIX pacyeT-
unkoB, Takux kak ANSYS, Nastran, Solaris u ap., no3BonsoLLMX Mogenu-
poBaTb pasnuyHble npouecchl [3]. OCHOBHOE €ro AOCTOMHCTBO — YHUBEp-
carnbHOCTb, @ MpUMeHeHWe nocT-npoleccopa Femap nporpamMMHOro
nakeTa NpefoCTaBNseT BO3MOXKHOCTb CO3AaBaThb W yNpaBnsTh KOHGUry-
paLuer KOHEYHbIX 3MEMEHTOB, C MOMOLLbHO KOTOPLIX B Py4HOM 11 aBTOMa-
TUYECKOM peXMMe MOXeT ObiTb nomyyeH o6bekT noboit KoHduMrypauum,
a TakKe noakntoyaT MupoBble 6asbl MaTepuanos. Kpome atoro, npeay-
CMOTpEHa BO3MOXHOCTb KaK CTaTU4YeCKWX, TaK U AUHAMUYECKUX pacye-
TOB, TEMNOBbIX PACYETOB 1 . Takke K MPerMyLLecTBaM AaHHOTO nakeTa
MOXHO OTHECTW NPOCTON rpachyeckiit HTEPPENC, YTO B 3HAUNTENBHON
cTeneHn obneryaeT MofenMpoBaHue 06LEKTOB.

CocTosiHne Bonpoca. OCHOBHbIMU BOMpocamu npu YUCNEHHOM MO-
aenmposaHun Xene306eTOHHbIX KOHCTPYKLMIA SBRSOTCA CO34aHWE KO-
HEYHbIX 3rIEMEHTOB DeToHa 1 apmaTypbl C 3afaHHbIMK (OU3UKO-
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Puc. 1. KoHeyHo-anemeHTHas Moaenb y3na

BecmHuk bpecmckozo eocydapcmeeHHO020 mexHU4Yeckoz20 yHueepcumema. 2014, Nel

Puc. 2. V3omons oTHOGUTERBHbIX AechopmaLiyi

MeXaHUYECKMMN XapaKTepUCTUKaMK, a Takke MOAENMPOBaHNE COBMECTA
HoW paboTbl apmatypbl ¢ 6eToHOM. B mpouecce MoAesiMpoBaHus BO3-
MOXHO CO3[1aTb MPOYHOCTHbIE W AeOPMALMOHHbIE MapaMeTpbl OTAENb-
HO Anst GeToHa (C y4eTOM MOMHOM UMK YNPOLLEHHbIX AKArpaMM «Hanpsi-
XeHns-gecopmaLun») W ons cTanbHoil apMatypbl. OgHake Bonpoc o
paboTe OeToHa C apMaTypoii B 30HE WX KOHTaKTa, 06pasdoBaHnM TpeLwyH
B PaCTSHYTOMN 30He aremeHTa 1 paboTe Mogenupyemoro obbekTa ¢ Tpe-
LLMHaMK 0CTaéTcs Hanbonee CNoXHON 3aaavei:

B ynpoLLeHHoi1 nocTaHoBKe 3afauu-Ans NpeaBapuTenbHOro aHanmaa
HanpsikEHHO-AehOPMUPOBAHHOMO COCTOSIHWS NPeAnaraeTcst ABa Haubo-
nee pacnpocTpaHEHHbIX METOAA y4eTa cLensieHns 6eToHa ¢ apMaTypoii:
*  CO3aHWe MPOMEXYTOYHOr0,.0BLEMHORO.CHOS MEXTY apMaTypoi U OKpy-

XatoLmm ee 6eToHoMm. [1pK 3TOM Bas Matepuana aTtoro MPOMEXYTOUHO-

o crost 3afaoTcs (H3UKO-MEXaHUMECKME XapaKTEPUCTUKM, KOTOpbIE

OMnuChIBaIOT PaboTy.6eTOHA € apMaTypOit N0 KOHTAKTY CLIENMEHNS;

e CO3/aHu1e NMHEHbIX KOHEYHBIX 3NIEMEHTOB C 3afaHHbIMK YNpYrMU

XapaKTepUCTMKaMi.

O6a aTvx MeTona UMEIOT cyluecTBeHHble HegocTaTku. OfHako npu
MOAEenMpOBaHNM Kene300eTOHHbIX SNEMEHTOB MpW NOMOLLM MEPBOTO U
BTOPOrO METOAO0B HEOBXOAMMO TOYHO 3HATb MPOYHOCTHbIE W AedopMa-
TUBHblE XapaKTEPUCTUKMA CLIENNEHNs apMaTypbl ¢ BETOHOM M 3aKOHbI UX
pacnpegerneHusi. OAHaKko onucaHne 3akoHOB pacrpeseneHs OCHOBbIBa-
€TCA, Yalle BCero, Ha aMMMpUYeckux opmyrax, noryveHHbIX akcrepy-
MEHTanbHO, W TPYAHO NoANaéTCs MOAENMPOBaHNIO.

Kpome aToro criefyet y4ecTb HEBO3MOXKHOCTb ONPeLeneHus Hanpsi-
XeHusi B GETOHE W apMaType B pailOHe TPeLLUH B pacTsHYTOM 30HE M3ru-
Oaemoro anemeHTa npu abCOMIOTHO KECTKOW CBS3W B y3nax CeTkW
CTEPXKHEBbIX KOHEYHbIX 3NIEMEHTOB apMaTypbl 1 BeToHa. Takke Hemano-
BaXHO, 4TO MpW AOCTAaTOMHO GONbLUOH (C KONMYECTBOM KOHEUHBIX 3Mne-
meHToB 300 000-500 000) Mogenu Ans HEMUHEHOTO pacyeTa Heobxo-

AMMO U1CMOMb30BaHWe MoWHbIX IBM K 3aTpaT 3HauMTENbHOMO Konuye-
CTBa BPEMEHMU.

UYucneHHas mopenb kene3obeTOHHOW AByckaTHOW 6Ganku. B
komnbroTepHoit cpepe MSC.Nastran aBTopamu 6bina caenaHa nonbiTka
CO3/1aHNs PACYETHON CXEMbI Xene30beTOHHOM [BYcKaTHOI Ganku ¢ No-
MaHHBIM HXHAM NMOSICOM, B Ka4yecTBe NMPOAOSIbHOTO apMMPOBaHUS KOTO-
POt BbINK NPUHATBI TPU NPeHANPSKEHHBIX kKaHaTa AUMETPOM 15 MM.

[nsi NoCTpoeHUs KOHEYHO-3NEMEHTHOW TPEXMEPHON MOAENM NpuMe-
HEHO TBepoTenbHOEe MOLENYPOBaHME C MCMOMb30BAHMEM KOHEYHBIX
anemeHToB (KJ) «Solid». Pa3bueka npounssogunacs ¢ MCnonb3oBaHUeM
TBEPAOTENbHbIX MPOCTPAHCTBEHHBIX NATU- U LIECTUTPAHHBIX 3/IEMEHTOB
«Solid» Tvna «Brick» («Bpycok») n «Wedge» («KnuH), co cTopoHamu,
OTBEYAIOLLMMM FIUHENHON (DYHKLMM (POPMBI.

lMocTpoeHMe KOHEYHO-3NEeMEHTHOI MoLeny NpoM3BOAMNOCH B pyuy-
HOM pexuMe, YTO MO3BOMMNO CTPOrO KOHTPOMMPOBATb KOMUYECTBO,
chopMy W pasmepbl NPUMeEHsIEMbIX TBEPAOTENbHBIX MPOCTPAHCTBEHHbIX
anemeHToB. Pa3buBka ocyliecTBnsanacs B NPOLOMLHOM 1 MONEPEYHOM
HanpaBneHnsx. AHanorMyHbIM 06pasoM, HO B LIMIMHAPUYECKO cUCTEME
koopauHaT Oblna HaHeceHa ceTka KO B MecTax MOCTAHOBKM apMaTypbl,
npu pas3buBke Ha KOHEYHble 3MEMeHTbl apMaTypbl LEHTPpanbHbIi yron
coctansan 30°. YucrneHHbIn aHanua npy MOAENVpoOBaHUM NO3BOMKA Cry-
CTWUTb CETKY KOHEYHbIX 3NIEMEHTOB K pasMepam, He npesbillatowm 50 Mm
no GetoHy (4 cnos no TonwmHe 6anku, Gonee 33 000 yanos u Gonee
32 000 KQ), koTopas B HanbonbLuelt CTENeHN 0TpaxaeT reoMeTpudeckue
0c0BeHHOCTI Banku (noMaHbIii HKHWIA NOSIC, OTBEPCTUS B CTEHKE Ganku,
Hanuumre apmupoBanus). O6wwmit Bug KO Mopenu nokasaH Ha pucyHke 1.
CBsA3b Mexgy 6eToHOM W apmaTypoit npuHumanacb 6e3 BBepeHWs
BOMONHUTENBHBIX KOHEYHbBIX 3IEMEHTOB.
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OTnnunTenbHON 0COBEHHOCTBI0 AaHHON MOLenV SBNSETCS TO, YTO B
PacTSHYTO! 30HE 3MEMEHTa MCKYCCTBEHHO CO3AANOTCA TpelumHbl. [Mpu
9TOM NpW MOLENMPOBaHMW WCMOMb30BANOCh fBa MyTW OnpeaeneHns
MEeCT BO3HMKHOBEHWS TPELLYH.

B cootBeTcTBUN C NepBbiM, 6oniee TPYAOEMKUM, HarpyxeHne b6anku
MPOM3BOAMIIOCH HArPY3KOM, PABHOMEPHO pacrpeaenieHHoN no BepXHeMy
nosicy 6anku. Harpyaka npuknagbianacs cTyneHyato ¢ warom 1,6 kH/m
1 goeoaunach Ao BenuunHbl 40 kH/M. Ha kaxgoi cTyneHu npoussogun-
€S aHann3 BO3HWKAKLLMX B PacTsHyTON 30He OeToHa aedopmaumin. B
obnacrsx, rae aecopmauuu 6eToHa NpeBbllany npeaenbHO 4onycTy-
Mble (Ec>Ecty), CO30aBANMCh Pa3pbiBbl MEXY COCEAHUMM AneMeHTaM
BeToHa. Takum 0b6pasom, MMUTMPOBANOCH BO3HUKHOBEHWE TPELLMH HOp-
ManbHbIX K IPOAOMbHON ocn G6ankn. CriedyeT OTMETUTb, YTO CIOW KOHEY-
HbIX 3MIEMEHTOB apMaTypbl OCTaBancs HenpepbiBHbIM, NOITOMY BO3HM-
KaloLme B CEYEHUW C TpeLumHolB 6eToHe pacTariBatolLme yeunus Boc-
NPUHUMANUChL apMaTypon.

Mpu BTOpOM Ccrocobe (6onee NPocTOM) TpeLMHbI pasmeLLanuch C
warom 300 MM, YTO fonyckaeTcs Hopmamu [4, 5].

AHann3 HanpsKeHHO-AeOPMUPOBAHHOTO COCTOSHUS MCCRIEAYEMOil
KOHCTPYKLMI NPON3BOANNCS MO BENMYMHE AechopmaLinit, BOSHUKAOLLNX
Kak B CKaToM, TaK M B pacTsHyTOi 30He BeToHa W B apMaType npu pas-
NWYHBIX Harpy3kax (PUCYHOK 2).

He MeHblWWIA WHTEPEC npeacTaBnseTd NONyYeHHOE HanpsKEHHO-
AedhopM1poBaHHOe COCTOsHME 6ETOHA Ha y4acTKax Mexay UCKYCCTBEH-
HbIMW TpewuHamu. M3 pucyHka 3 4eTKo NpOCAEeXMBaeTCs NoCTeneHHoe
BOBeYeHWe apMaTypoii B paboTy BeToHa PAcTAHYTON 30HbI OT CeYeHMs
C TPELUMHON O CEYEHUS B CEpeaUHE BAVHBEMEXIY TpeLHaMu. [laHHoe
06CTOATENLCTBO AABHO MCMONb3yeTCs AP PacCMOTPEHUM MPOLIECCOB
TpeLuHoobpa3oBaHns 6eTOHa W\3anoxeHbl B TEOpUM pacyeTa Xeneso-
6eToHa MHorMMK aBTopami [6;.7].

3akntoyeHue

1. AHanu3 pasnuuHbiX MPOFPaMMHBIX KOMMNEKCOB MO3BOMMM YCTaHO-
BMTb, 4TO AJ151 CO3AAHMS afeKBaTHON 06BEMHON TBEPAOTENBHOM MO-
BENuKene3006TOHHON KOHCTPYKLMW C 3aaHHbIMW MPOYHOCTHBIMU 1
AeOPMALIMOHHBIMIA - XapakTepUCTUKaM MaTepuanoB B Buge UX

Puc. 3. Jleopmaumm B 6eTOHe Ha yyacTke Mexay TpeLyuHammu
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MOSHbIX AnarpamMm AedpOpMUPOBaHMS MOL HarpysKoi B HAayYHbIX Lie-
nsx B Hambonsiueit crenenu nogxoaut MSC.Nastran.

2. TpenBapuTenbHbIA Ypyrid aHann3 noseaeHns o6bEMHON TBEPAO-

TeNbHON MoaeNuAKene306eToHHON Ganku NoA Harpyskoi nokasarl,
4TO AN UCCREAOBAHMS HanpsKeHHO-AeOPMUPOBAHHOIO COCTOS-
HMS KOHCTPYKLWW €. TPELLIMHaMK Haubonee NpocTbIM METOAOM SIBNS-
€TCs COo30aHNe UCKYCCTBEHHbIX TPELWH B BUAE M3BMEYEHNS KOHeY-
HbIX ‘BriemeHTOB B6MM3M 06NacTi BO3MOXHOTO BO3HMKHOBEHWS faH-
HbIX TPeWuH. O6nacTi BO3MOXHOMO NOSIBNEHNS TPELMH Onpeaens-
I0TCS1, Ha 0CHOBaHUW aHanu3a Aedopmaumii B 6eToHe.

pesynbtate  YMCMEHHOr0  MOZENMPOBaHWS  HanPSKEHHO-
AeOpMMPOBAHHOIO COCTOSHUS xene3obeToHHoM banku, paboTato-
lel C TpewuHamu, nonyyeHbl KaYeCTBeHHble KapTuHbl pacnpene-
MeHnst HanpsbkeHWd W gecopmaunii B GeToH/e W apmatypbl Ha
y4acTKe Mexay TpeLuHamu.
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MATVEENKO N.V., SHALOBYTA N.N., MALINOVSKY V.N. About possibility of use of the program complex MSC.Nastran for the analysis

strain-stress condition of reinforced concrete elements

In article the method of research offered by authorsstrain-stress condition of reinforced concrete elements by means of the program complex

MSC.Nastran is considered.

The offered method allows to create volume solid model of a reinforced concrete element, on the basis of the analysis of deformations in the
stretched zone of concrete and artificial creation of cracks in areas where deformations exceed critical permissible.As a result, it becomes possible to
analyze the strain-stress condition of reinforced concrete elements with cracks.
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