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PassuBaromasicss skoHomuka Poccun U cBsi3aHHas ¢ HEM BBICOKAs KOHKYPEHLUsSI HAa CTPOU-
TEJHOM pPBIHKE TPeOYIOT 3(p(PEeKTUBHBIX KOHCTPYKTHUBHBIX PELICHUH CTPOUTEIBHBIX KOHCTPYKIHH.
Heo6xonnmpl TEXHOJIOTHYHBIE COBPEMEHHBIE CHCTEMBI C HAUMEHBILEH PeCypCOEMKOCTBIO.

Meramnuecke KOHCTPYKLUHU, B YaCTHOCTH, JIETKHE HECYIIME CTAJIBHBIE KOHCTPYKIIMH,
MOJIB3YIOTCS! TIOBBIIIEHHBIM CIIPOCOM B CBSI3U C Pa3BUTHEM B Hallle CTpaHe MPOU3BOACTBEHHBIX MPE-
NPUSATHHA, CENILCKOTO XO3AWCTBA M Apyrux orpacieit (puc.l). Bozpacraer moTpeOHOCT B CKIAACKHX
IMOMCHICHUAX, TOPIOBLIX, CIIOPTUBHBIX 3JaHUAX. OI[HI/IM ns3 HaHpaBHeHHﬁ TIOBBIIICHUA 3(1)(1)CKTI/IBHO-
CTH METaNINYECKNX KOHCTPYKLIHN 30aHUH JUIA TaKHX OTpaciel ABISETCS NMPUMEHEHHE XOJOJAHOTHY-
THIX poQHuIIeii, B 0COOCHHOCTH, OIIMHKOBAHHBIX C TOJIIMHAMH A0 3 MM. 3apyOeKHBIH U OTEUECTBECH-
HBIA OIIBIT MPUMEHEHU KOHCTPYKIMH BBISIBUJ B HUX PsAJ IPEUMYIIECTB NEpe]] TPaJUIIMOHHBIMU KOH-
CTPYKLIMSMH U3 MIPOKATHBIX MPOoGMIeii: HU3KUM pacxol METajla, BBICOKAs KOPPO3HOHHAS CTOUKOCTb,
BO3MOKHOCTBH M3I'OTOBJICHHA Ha CTpOHTCJ’IBHOﬁ IIomaake, 4To B UTOT'C ITO3BOJIACT CHU3HUTh CTOUMOCTD
KOHCTPYKIHH «B IETIe».
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Puc.1. PazButue poaka JICK B Poccun no nanubiM kommnanuu «@ecranbiinie Apkaga-nmpoQuiib

OO0muye TpUHIUIBL pacueTa ¥ MPOEKTHPOBAHUS CTAJIBHBIX CTPOUTENHHBIX KOHCTPYKIIUHN U3
TOHKOCTEHHBIX MPOoQHIICH X0I0AHOM I'MOKM TaKKe ke, KaK U KOHCTPYKIUH U3 ropsiueKaTaHbIx Npodu-
nei. DTO MOJIOKEHUE OTHOCUTCS, IIPEXJIE BCEro, K TAKUM BOIIPOCAM, KaK paBHOBECHE CUII, Ilepejayda
Harpy3oK Ha OIOpbl, yCTONYNBOCTh KOHCTPYKTUBHBIX CHCTEM U T. II.



Puc.2. Tumbl monepeyHoro CeUeHMUs X0J0JHOTHYTOTO TOHKOCTEHHOT0 TTPOG WIS, IPECTaBICHHBIC Ha
peiake r. KpacHosipcka

OnHako CyIIecTBOBAHME TOHKOM CTEHKH SIBIISCTCS MPUUYMHON BOSHUKHOBEHUS psAlla CyIIle-
CTBEHHBIX OTJIMYHIA B pabOTe TOHKOCTEHHOTO CTEPXKHS W MPU3MATUYECKOTO CTEPXKHS CO CIUIOIIHBIM
ceueHueM. [IpoOyieMbl YCTOWYMBOCTH, KOTOPBIE CJICIYET YYHMTHIBATh B 3JIEMEHTaX KOHCTPYKIIMHA C
TOHKUMH CTEHKaMH, OYEHb CIIOKHBI U Yallle BCEr0 HE UMEIOT yIOBJIETBOPUTENBHBIX PEUIEHUMN, I03TO-
My MHOTHE Ba)KHbIE JUJISl MPOEKTUPOBAHUS BOIPOCH MPUXOJMIOCH PELIATh HA OCHOBE AKCIIEPUMEH-
TaJbHBIX MCIBITAHUNA M BBIBOJUTH MOJy3MIupuyeckue Gopmyinbl. Vcnonp30BaHHEe HAKOIICHHOTO
OTIBITa UTPAeT Ui KOHCTPYKUIWH W3 THYTHIX TMPOQWIeH BBUAY UX TOBBIIIEHHONW NehOpMATHBHOCTH
OOJIBIIIYIO POJIb, YEM JJIsi OOBIYHBIX KOHCTPYKIUH. OHAKO HE CIICAYET CUUTATh, YTO MPUMEHEHHE I10-
JIYSMIUPUIECKUX METOIOB JIOCTATOYHO JJIsi 00CCIICUCHHS JKeIaeMON HaJIeKHOCTH KOHCTpyKiuu. He-
00X0IMMO ellle X TeopeTHYecKoe 0OOCHOBaHWE W HMCIIONBh30BaHUE (HOPMYI, OCHOBAHHBIX Ha JKCIIE-
puMeHTax. B HacTosiee BpeMs HET pPa3pabOTaHHOI'O EIUHOI0 METOJa pacueTa TOHKOCTCHHBIX
crepxHel. CrieyeT OTMETHTD, YTO TAKOW METOJ JUIA MPAKTHYECKUX IIeJieil ObLT Obl HEMPUTOCH H3-3a
OYeHb CIOXHBIX (opMyn U pacueToB. [loaTOMy B HacTosiee BpeMsl HaXOIAT NMPUMEHEHUE IMPEKIE
BCero Teopus BiiacoBa u Teopus 3aKpUTHYECKON Hecylnel crocooHocTu. O0a MeToa JTOMOJTHSIIOTCS
YaCTHBIMH PEICHUSMH, KaCArOIIMMUCS YaCTHBIX Mpo0ieM (HanpuMep, N3MEHEHUS KPUBU3HBI PO u-
JIs1, BIIMSIHUSL COCPEIOTOUYCHHBIX HArPY30K Ha HECYIYIO CIIOCOOHOCTh CTEHKH, JAPYruX (JOpM yCTOHUHU-
BOCTH). B OOBIYHBIX CTAIBHBIX KOHCTPYKIUSAX STH YaCTHBIE MTPOOJIEMBI OOBIYHO HE pacCMaTPUBAIOTCS.
B nerkmx snemeHTax W3 THYTHIX MPOQMIEH OHU MOTYT OKa3aTh peElIalollee BIUSHHE Ha HECYIYIO
CIIOCOOHOCTb.

IIpu pacuere crepxus no Teopun BiaacoBa kpoMe TOMOTHEHUS YIIOMSHYTBIMA YaCTHBIMU
pelIeHUus MU He00X01Ma elle MPOBEpKa MECTHOM YCTOMYMBOCTH CTEHOK CTEPXKHS. DTOT METOJ Tpe-
OyeT XOpoIIero 3HaHMs TEOPUH. XaPAKTEPHOU YEPTON TOHKOCTEHHOTO CTEP)KHS SBIIIETCS TO, YTO BO
BpeMs KPYYEHHUsS OH IMOJIBEPTaeTcs MPOJIOJILHON JeopManny, Ha3biBaeMOH KOpOOJIeHnEM (JeTuiaHa-
1Keil), 1 B HEM BO3HHMKAIOT MPOIOPIMOHATIbHBIC 3TOH AeopMaliy HOpMalibHbIe HampsbkeHus. Bo
MHOTHX CIIy4asiX 3TH HalpsHKCHUS UMEIOT OYEHb OOJBIIYI0 BEMYMHY U HE MCYE3ar0T OBICTPO BOJb
CTEpXHS OT MeCTa IPUJIOKEHUS HArPy3KH, BCIEICTBUE YETO UX HEJb3S1 HE YUUTHIBATh B COOTBETCTBUU
¢ npuniunioMm CeH-Benana. BimacoB roBoput, 94To HENB3S OJHO3HAYHO OMPEICITUTH TPAHUILY MEXKITY
MPU3MATUYECKUMHU CTEPKHSIMU CO CIUIOIIHBIM CEUEHHEM M TOHKOCTEHHBIMU CTepxKHsAMU. [Ipu kpyue-
HUU TOHKOCTEHHBIH CTEP)KEHb C JKECTKUM 3aMKHYTHIM HPOGHUIEM BO MHOIMX CIy4asX MOXHO pac-
CMaTpUBaTh KaK NMPU3MATHUUYECKHUM CO CILIOMIHBIM ceYyeHUEM. BO3HUKaAIOIME B TAKOM CTEP>KHE JTOTOJI-
HUTEIBHBIC TPOJOJIbHBIE HOPMAJbHBIC HAMPSDKEHHUS YacTO HOCAT XapaKTep MECTHBIX HAINpPSKCHUU,
MO3TOMY B COOTBETCTBMU ¢ MpHHIUIIOM CeH-BeHaHa MX MOXKHO HE yYUTHIBATh. JTOTO HENB3S JENaTh
MO0 OTHOIIEHHUIO K CTEPIKHSAM C OTKPBITHIMH HE3aMKHYTHIMH MPOQPHUIISIMHU, CEYCHUE KOTOPHIX HE OUCHb



J)KecTkoe. I3 MHOTrOUMCIIeHHBIX OKCIICPUMEHTOB U3BECCTHO, YTO YAAYHOC COOTBETCTBHUEC TCOPUHN Bnaco-
Ba U OKCIICPUMCHTA JOCTUTACTCA TOrga, Korga CTCHKH CTCPXKHA TOHBIIE.
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Puc. 3:
a) BOBHHKHOBEHHUE KOPOOJIEHUS! 1 HOPMaJIbHBIX HANPSHKEHHUH B TOHKOCTEHHOM IIIBEJIEPE;

0)

6) norepAa YCTOﬁqHBOCTH CTCHOK CTCPIKHA U3 CIIAPCHHOI'0 TOHKOCTCHHOI'O HpO(i)I/IJ'IH

Teopusi 3aKpuTHYECKOH HecymIeil criocoOHOCTH B hopMme, pa3paboraHHor Bunrepom, Ha-
XOJIUT IPUMEHEHUE I TPOUIeH, COCTOSIINX U3 TUNIOCKUX CTEHOK, COCTUHEHHBIX IO MPSIMBIM yT-
JIOM WJIM IOA YTJIOM, HEMHOT'MM OTJIMYAIOIIUMCA OT IPSAMOTO. 9IT0 HE 061].[1/[171 METO/Jl, HO OH IIPHUT'OJICH
JUTst Tpo(MIIeH, IMUPOKO MPUMEHSIEMBIX B CTPOUTENBHBIX 3JIeMeHTaX. [Ipy ero ucnoiap30BaHUM HAIO
KpOME JIOTIOJTHEHUH YIOMSHYTBHIMH BBIIIIE YACTHBIMHU PEIICHUSIMHU MPOBEPUTH €Ille OOKOBOE BBITYyUYH-
BaHHWe 10 Teoprr BrmacoBa. DTOT MeTO/ HeCNIoKeH B pacueTax. 3aMe4ueHo, YTO JOCTI)KEHNE KpUTHYe-
CKOT'O HaIPsDKEHUS B CPEHEN YacTH HE BEI3BIBACT IMMOTEPU €€ CIIOCOOHOCTH K JalbHEHIIIeMy BOCIIPH-
ATHIO Harpy30K, €Clii OJHa WK 00Jiee MPOAONBHBIX TpaHel OCTaloTCs MPSAMBIMHA. B 3aBUCHIMOCTH OT
BUJIa CTCHKH, KOTOpas yTpaTuia MECTHYIO YCTOWYMBOCTS, €€ MpeAeabHasl HeCcyIas ClIoCOOHOCTh (MH
3aKpPUTHYECKAsl) 0 CPABHEHUIO C KPUTUYECKON HATPY3KOW MOXET ObITh 3HAUYUTEIIBHOM, a JaIle BCero
B HECKOJIBKO pa3 Bhilie. OTKPBITHE 3TOTO SBJICHHSI ObLIIO UCXOJHBIM MyHKTOM JUIS Pa3pa0OTKH TIONY-



SMIIMPUYECKONH TEOPHH, TaK Ha3blBaeMOH COBMECTHO pabotaromiell (IpUBEAEHHON) CTCHKH, 3ame-
HSIOIIEH I€HCTBUTEIbHYIO CTEHKY TOHKOCTEHHOTO CTEPIKHSI.

O0JacTh NPpUMEHEHHS OTAEIbHBIX METO/OB.

Pacuer 37€MEHTOB JIETKMX METIMYECKUX KOHCTPYKIMH MPOM3BOAAT CIIEAYHOIINM 0O0pa-
30M: [I0 TEOPUHU CTEPIKHA CO CIUIOLIHBIM CEYEHHEM pPACCUUTHIBAIOT CTEP)KHU, IOABEPTAIOIINECS Oce-
BOMY PAacTSKEHMIO; 1O TEOpUM BiacoBa paccuMTBIBAalOT TOJBKO CTEPXKHHU, B KOTOPBIX MOSBIAIOTCA
BHEIICHTPEHHOE PacTsHKEHUE, BHELICHTPEHHOE CXKaTHe B JIBYX IJIOCKOCTSX, U3rU0 B OIHOW WM IIBYX
TUIOCKOCTSIX, OOKOBOE BBIMMyYUBAHKE TIPU MU3TMOE B OHON TUIOCKOCTH U KPY4EHHE C U3THOOM; IO TEO-
PHH 3aKPUTHUYECKOM HECyIe CIIOCOOHOCTH PacCUMTHIBAIOT CTEPIKHU TOJIBKO MOJ| TAaKOW HArpy3KOM,
KOTOpasi BBI3bIBACT U3TM0 B ONHON ILI0CKOCTH. [Ipu 3TOM Hazno mpenBapuTeNbHO AOKA3aTh, YTO CTCH-
KU Tpoduiiel Ipu TakuxX Harpy3kax TEpSIOT MECTHYIO YCTOHUMBOCTH, & CTEPKHHM HE MOJBEPraloTcs
OOKOBOMY BBIITYYMBAHUIO. DIEMEHTbl KOHCTPYKLUUI U3 THYTHIX NMpodHIeii MOKHO PacCUUTHIBATH 110
Teopun BracoBa MM 3aKpUTHYECKOW HECyIIeH CIOCOOHOCTH TMOJ] Harpy3KOW, BHI3BIBAIOIIEH OceBOE
WM BHEIIEHTPEHHOE CKaThe B OJHOU MIockocTH. HecMoTps Ha pa3iuuue NPUHIMIIOB B OCHOBE pac-
yera, 10 000MM METOAaM Ha MPAKTHKE BO MHOTHMX CIy4asx JAOCTHUIAETCs TOCTaTOYHOE CXOICTBO B
OLICHKE HECYIel CIOCOOHOCTH CTEPHKHEH.

Ha maHHBIT MOMEHT pacueT TOHKOCTEHHOTO CTEP)KHS C YIeTOM OCOOEHHOCTEH ero paboThl
xopoto peanmnzoBaH B [IK MicroFe, Ansys; Ipou3BeCTH pacdeT reOMETPUIECKIX XapaKTePUCTHK T10-
MEPEYHOTO CEUeHHUS TOHKOCTEHHOTO XOJIOAHOTHYTOTO cTepxHs mo3BosstioT [1K “Jlupay, ITIK «Scad».



