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AHAINN3 PACYETHbIX MOOENEN COMPOTUBJIEHUA NOKANTbHOW HAMPY3KE
CTAJIbHbIX SJIEMEHTOB

Beepnenue. Bonpockl obecneyenns conpoTvBNEHNS CTambHbIX 3ne-
MEHTOB Ha [EeiCTBUE IOKaNbHOW Harpy3ku SBMATCA [OCTATOMHO
060C061EHHBIMM, HO O4EHb BaXHBIMI NPW UCCIEAOBaHNM PaboThbl TOHKO-
CTEHHbIX KOHCTPYKUMA. HecMOoTps Ha 3HAYMTENbHOE BHUMAHWE, OHM
npeacTasnAT oBWMpHY0 06nacTb ANs [anbHEenWmMX uccreaoBanmil. B
MecTax MpUMOoXeHs! Taknx Harpy3oK B CTEHKe Banku BO3HUKAET CIOKHOe
HanpskeHHoe cocTosiHue. Mpy 9TOM 3HaUMTENbHYI0 YacTb CYMMapHOro
nons HanpshKeHWiA COCTaBNSIOT MeCTHble HanpshkeHus. VccnegoBaHue
HanpsKeHHO-0ehOPMUPOBAHHOTO  COCTOSIHUS  TOHKOCTEHHOTO  CTEPXHS
OCYLLECTBASIETCS MyTEM pacyfeHeHnst ero Ha psf COCTaBMsIOLMX Nnoc-
KWX MNacTWH, Kaxaas M3 KOTOPbIX 3arpykaeTcsi HopManbHbIMU W Kaca-
TeNbHBIMK YCUNMAMU B3aUMOAENCTBMS.

B cBsiau ¢ BBeneHueM ¢ sHeapst 2010 r 8 Pecnybnuke benapycs TKI
MO NPOEKTMPOBAHMIO CTPOUTENbBHBIX KOHCTPYKLMIA, MOEHTUYHBIX COOTBET-
cteytowmm EBponeiickum HopMam (EBpokogam), nosiBurcs psig Bonpo-
CcoB Tpebytowmx AeTanbHoro uayyeHus. K Takum BOnmpocam OTHOCATCS:
13y4eHne MeTOZO0B M MPUHLMMOB, 3anoxeHHbIx B EBponeickux Hopmax,
KOMMIEKCHOE W3yYeHne npoLiecca NPOeKTUPOBaHNS W KOHCTPYMPOBaHMS,
COMocTaBreHe OTAEMNbHbIX MPOBEPOK ANEMEHTOB W PSS APYIUX.

AHanu3 mopenei COMPOTMBMEHWUS CEYEHUA CTambHbIX SMEMEHTOB
(MPOBEPKM MPOYHOCTM CeYeHMiA, NOABEPKEHHbIX AEeACTBIMIO u3rnbatoLLero
MOMEHTa, NPOAONbHON cunbl, copury) 6e3 yyeta 3ddekToB notepu
MeCTHOIA yCTonuMBOCTM no AokymeHtam CHuM 11-23 [1], EBpokoa 3 [2],
MoKa3bIBaET, YTO OHW MpaKTU4eckn coBnagaoT. OpHako B psae cryqaes
pacyeTHble MOLen ConpoTUBNEHUS pasnuyatoTcs. B yactHocTn aHanus
MOfenen ConpoTUBIIEHNS LIEHTPaNbHOMY CXaTuio Npu NPOBEpKax ycToi-
4MBOCTY (COMPOTUBNEHME NPOACNLHOMY 13ruby) CTanbHOMo anemeHTa [3]
nokasar, 4To PacxXoxaeHns B 3HaYeHUsX koaduLmMeHTa NpoaoIbHOTO
n3rnba Ans Haubornee pacnpocTpaHeHHbix cryqaes gocturaioT 20%.
Haunbonee cyLyecTBeHHO pa3nnyaloTcs MOAENN COMPOTUBMEHMS, YYUTbI-
BatoLMe MOTEPID MECTHOW YCTOWuMBOCTU. [pedBapuTenbHbI aHanua
Mogenen ConpoTUBNEHNS JTOKANbHOM Harpyske, TaK e CBUAETeNbCTByeT
0 CYLLECTBEHHbIX Pa3NnumsX B OLEHKEe HeCyLLieil CocoBHOCTH.

OTMeyeHHble CYLLECTBEHHbIE Pa3nnyMa BbI3bIBAOT OCTPbIE AWCKYC-
CcW Npu BHeapeHUn EBPOKOAOB B NpakTUKy MpoekTupoBaHus B Pecry6-
nvkn Benapycb. C 0AHOI CTOPOHBI MOAENN COMPOTUBNEHNS MPUHATLIE B
EBpokogax sBNsAoTCA OgHAMK M3 Hanbonee coBpemeHHbix. C Apyroi
CTOPOHbI PacyeTHbIE MOAENN HALMOHAMbHbIX HOPM [1] NpoBepeHb! npak-

TUKO MPOEKTMPOBAHMA W SBAAKOTCA COCTOATENbHbIMM (HE ABMAKTCH
NpUYMHAMK Pa3pyLLEHWA).

B craTtbe 0CBELLEHO COBPEMEHHOE COCTOsSHME BOMpoca pacyera
CTanbHbIX KOHCTPYKUWIA Ha AENCTBME FOKanbHOW Harpysku. [letanbHo
PacCMOTPEHbI OCHOBHbIE TEOPETUYECKME NPEANOCHINKK, NOMOXEHHbIE B
ocHosy EBpokopa 3 [2]. ABTOPOM NpeanpuHaTa nomnbiTka CPaBHUTL Me-
TOOMKW pacyeTa B NepBOM MPUBMXEHUN Ha OCHOBE Pe3ynbTaToB aHa-
n13a TeopeTUIEcKUX MPEeANOCHINOK U PacyeTHbIX MoZenel cConpoTuBe-
HUS NOKaNbHOI Harpy3ke CTarnbHbIX 3NEMEHTOB.

OO6wue NonoxeHUs pacyeta 3neMeHTa Npu AENCTBUM JOKaNb-
HoW Harpy3ku. OnpedeneHne COMpOTUBIEHWS 3neMeHTa AeiCTBUK
NOKaNbHON Harpysku NpencTaBnsieT coboil TeopeTUieckn CIOXHYH 3a-
Aavy. B cBsisu ¢ 3TMM, nepBoHavanbHO 60MbLIOE pacnpocTpaHeHue no-
Ny4nnu SMNMPUYECKMEe pacyeTHble MOAENM, OCHOBAHHble Ha SKCMepu-
MeHTanbHbIX AaHHbIX. BnocnencTeum, Obiny pa3suThl pacyeTHble Moae-
N1, OCHOBaHHbIE Ha MEXaHW4YECKO! naeanusaumm npolecca otkasa. [Ans
TakNX MoZenei BbIOeNsT [Be OCHOBHble (hopmbl OTkasa. [lepas
OMPeeNseTcs TEKy4eCTbio MaTepuana nof Harpyskon, a BTopas CBs3a-
Ha C NoTepern MeCTHON YCTONYMBOCTY CTEHKM.

Ha ocHoBaHMM 3TVX (hOpM OTKasa paccMaTpUBAKT HECKOSIbKO BO3-
MOXHbIX CTapuii paboTbl anemeHTa. MepByto CTaguio BbIGENSOT 4O Mo-
TEPWN MECTHOM YCTOMYMBOCTW CTEHKM OT JENCTBUS NIOKANBHOM HArpy3Kiu.
[Mpy 3TOM KpUTEPUEM HACTYMNEHUsI NPELENbHOMO COCTOSHUS SIBNISIETCS
JOCTXEHWE NPefena TeKy4eCTu Unu KpUTUYECKON CUMbl (HanpsiKeHWi)
noTepu yctoiumBocTu. Kak npuBMNO, Ha OCHOBAHWM 3HEPreTUYECKUX
KpUTEpUeB YCTOAYMBOCTU M BapWaLMOHHbIX MPUHLMMOB MOMyYeHbl TOY-
Hble PELUEHUs [N KPUTUYECKUX CUN (HanpshkeHWR) Ans OTAemnbHbIX
YaCTHbIX CMy4aeB KOHCTPYKTWUBHbIX pelleHuin. OfHaKo KpuTuyeckue
HanPSHKEHWS!  XapaKTEPU3YIOT TOMbKO MOMEHT HACTYMNeHus noTepy
MECTHOW YCTONYMBOCTM CTEHKM, HO HE MONTHOE WMCYEpnaHue ConpoTUBME-
HWS AneMeHTa.

OKCMEPUMEHTANbHO U TEOPETUYECKM YCTaHOBMEHa BO3MOXHOCTb
YBENUYEHNS HArpy3Kki Ha SNEMEHT Nocne NoTepU MECTHOM YCTOMYMBOCTM
CTEHKM OTCeKka Mpu 4eicTBUM JIOKANbHOM Harpysku. B atom cnyyae pac-
CMaTpUBAIOT 3aKPUTUYECKYIO CTaauio paboTbl CTEHKM OTCEKa, Mpu KOTo-
PON 4YaCTb CTEHKW TepsieT YCTOWYMBOCTb. Takod Noaxof Mo3sonseT
YYEeCTb 3HAYNTENbHbIA PEe3epB COMPOTUBMEHMS NOKaNbHON Harpyske
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CTEHKM OTCeKa 3a CYET N3MEHEHUS CXeMbl ero paboTbl, (hopmupytoLencs
nocrie MOTEPW CTEHKOM MpSIMONMHERHO hopMbl paBHoBecus. OpHako
paspaboTka KpuTepusi MPeLenbHOr0 COCTOSHUS AN LaHHOW CTaguu
paboTbl NpeaCTaBNsIeT CNOXHYI0 3adayy B TEOPETUYECKOM M 3KCMepu-
MEHTanbHOM MnaHe.

B 6OMbLUMHCTBE COBPEMEHHBIX [JOKYMEHTOB MO pacyeTy CTarbHbIX
KOHCTPYKLMIA NPUMEHATCS MexaHuyeckne mogenu. OCHOBHbIE pasnu-
Unsi MEXaHUYECKNX MOAENeEN CBs3aHbl CO cnocobamm yyeta CTaguu pa-
60Tbl CTEHKM OTCeka W OCcOBEHHOCTSMM onpepdeneHns 3dhheKTUBHOM
OMUHbI NIPUNOXEHUS NIOKANBHOM HArpy3Kku.

OTeyeCTBEHHbIA ONbIT OLEHKU COMPOTUBIEHUS JIOKanbHOW
Harpyske. PacyeT HanpskeHWA W NEpeMELLEHNA B TOHKOCTEHHBIX
CTEPXHSX 0ObIYHO MPOM3BOAMTCS Ha OCHOBaHMM Teopuii B.3. Bnacosa [5]
(cTepxHu oTkpbITOro npodouns) u Teopum A.A. YMaHckoro [6] (CTepxHM
3akpbiToro npoguns). Ho obe Teopun [akT BO3MOXHOCTb OMpeaenuTb
TONBKO 371EMEHMAPHBIE HanPSKEHUs, KOTOPbe MO CTENEHN TOYHOCTU
COOTBETCTBYKT MPEANOCHINKaM TEOpUM COMPOTUBMEHUS MaTepuanos.
OneMeHTapHble HampsKEHUS OMUCHIBAIOT HANPSKEHHOE  COCTOSHWE
MPaKTUYECKN TOYHO NNLLb B MONEPEYHbBIX CEYEHNSIX, JOCTATOYHO YAaneH-
HbIX OT MECT MPWUNOXEHUS Harpy3oK M OT MECT, B KOTOPbIX WUMEKTCS
«BO3MYLLIEHNS» (POPMbI KOHCTPYKLMW: Avacdparmbl, pebpa XecTkocTu,
BbIpe3bl 1 T.Nn. OfHaKO B CIyyae OLEHKW COMPOTUBIIEHNS CEYEHUS B 30HE
MPUNOXKEHUS NOKambHOW Harpysku criefyeT NpoM3BOANTL MPOYHOCTHbIE
pacyeTbl 3MEMEHTOB KOHCTPYKLMA C YHETOM MECMHbIX HanpsxeHul, To
€CTb MO CYLYEeCTBY paccyuTbiBaTb UX MeToLaMu Teopuu ynpyroctu [7].
[Mpx 3TOM NPUMEHMTENBHO K 33fa4aM pacyeTa Ha NokarbHyo Harpyaky
CrefyeT y4uTbIBaTb COBMECTHOCTb AedopMaLuii CMEXHbIX NnacTuH
CEYEHWS!, YTO CYLUECTBEHHO YCMOXHSIET pelueHne. PasHuua mexay ane-
MEHTapHLIMW HaMPSXKEHUSIMU 1 MECTHBIMW HaNPSKEHUSIMU HE TOMbKO
KONMYECTBEHHAS, HO 1 CYLLIECTBEHHO Ka4yeCTBeHHas [7].

B TeopeTnyeckom nnaHe CyLecTBEHHYt0 npobnemy npeactaBnsieT
BbIGOP KpUTEPUS HACTYMNEHNS! NPELENLHONO COCTOSIHUS NPY NOKamNbHON
Harpyake. B 0Te4YeCTBEHHOW NMpakTUke Npu MHOrOKOMMOHEHTHOM Hanpsi-
XEHHOM COCTOSIHUW NS NIIOCKOTO HAMPSHKEHHOTO COCTOSHUA, KaK NpaBu-
no, B Ka4eCTBE KPUTEPUS OTKa3a «Mo NPeAesny TEKYYECTU» WUCMONb3yT
SHEPreTUYECKOE YCIIoBMe NNacTMYHoCTU. Kputepuem oTkasa «no notepu
MECTHOW YCTOMYMBOCTUY NPeanonaraeTcs HeaonylyeHue notepn MecT-
HOA YCTOMYMBOCTU CTEHKW SMIEMEHTa NMPU PacyeTHOM YPOBHE Harpysok,
T.€. pacyeTHas METOAMKA HanpaBneHa Ha obecneyeHne MECTHO YCTOM-
4MBOCTM NOBBIMKM crocobamu.

ViccnenoBaHvemM CONPOTUBNEHMS CTaNbHbIX 3IEMEHTOB NOKANbHbIM
Harpyskam 3aHumanuce B.A. banguwH, H.H. Besyxos, b.M. Bpoyae,
M.0. XKyauH, A.W. KyauH, B.M. Moucees, K.K. HexgaHos, b.b. Jlamncwy,
A.P. PxanuupiH, A.W. Ctpenbbuukas, C.IM. TumoweHko 1 ap. [8-11].

/13 yncna otevecTBEHHbIX paboT, MOCBALYEHHBIX SKCMEpPUMEHTarb-
HOMY MCCME[OBaHMIO COMPOTUBIEHNS MOKambHbIM Harpyskam, crnegyet
ocobo otmetuts pabotbl B.C. LWupmanoea [12], A.W. KyauHa [13],
W.E. Cnenrnepa [14], H.FO. TpsaxuHoi [15], A.U. Konecosa [16].

OueHKa CONPOTUBNEHMA 3MNeMeHTa [AEeUCTBUIO  JIOKanbHOW
Harpy3ku cornacHo CHull I1-23-81*. CornacHo [1] nposepka Npo4HOCTH
W YCTOAYMBOCTW BLINONHSIETCS pa3fensHo. [poBepka YCTOMYMBOCTH
CTEHOK W3rnbaembix 3MEMEHTOB BbIMONHSIETCS HA OCHOBE TEOPUM YCTOM-
UMBOCTM MPSIMOYTOMbHBIX NNACTUHOK, paboTatowmx B ynpyron cragum
WNK 3a Npeaernom YnpyrocT U UMEHLNX COOTBETCTBYHILLME rPaHUYHbIE
ycnosus. OcTaTouHble HanpsikeHwsi, 3akpuTuyeckas cragus pabota u
HECOBEpLUEHCTBA MMACTUHOK, 32 WCKIIOYEHUEM CTEHOK TOHKOCTEHHbIX
6anok, y4TeHbl KOCBEHHbLIM MyTEM - KOPPEKTUPOBKOW Pe3ynbTaToB, Mosy-
YeHHbIX 6e3 yyeta aTux hakTopos [4]. YCTOMUMBOCTb CTEHOK H6anok npo-
BEPSIETCS C Y4ETOM WX YaCTUYHOTO 3aleMMEHNs B NOsiCax, CTeneHb Ko-
TOPOro Mpu ynpyroi pabote 6anku 3aBUCKT OT COOTHOLLEHMS XKECTKOCTEN
nosica 1 CTeHK1. JPGEKT 3aLLemneHns CTEHKW nonepeyHbIMi pebpamu
KECTKOCTM HE Y4WTbIBAETCS, U B MECTax MX MOCTAaHOBKM MPUHUMAETCS
LIAPHUPHOE OnMpaH1e KPOMOK (rpaHeit) acThHKW.

3HaueHve KPUTUYECKOro NOKanbHOro HanpshkeHns O, BbI4UC-
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rae a — paccTosiHue Mexzy nonepevHbIMn aeMeHTamMm XeCTKOCTH,
3HaueHus KPUTUYECKOro J0KanbHOrO HanpAXeHWa npuHUMaKTCA
He3aBMCMMO OT ANMHbI pacnpeneneHns aaBneHusa Harpysku I Co-

rnacHo [4] Gonee TouHoe 3HaYeHMe O, . C Y4ETOM ANUHbI pacnpese-
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B cootsetctBimM ¢ n.5.13 [1] Ans pacyeTa Ha MPOYHOCTb CTEHKM
Bankn B MecTax NpUNOXeHWs Harpy3ku K BepxHemy nosicy, a Takke B

ONOPHbIX CeYeHnax Ganku, He YKpenneHHbIX pe6paMM XKECTKOCTH, yCno-
B/€ NPOYHOCTM NO MECTHbIM HaNPsHKEHNAM UMeeT Cﬂeﬂ,leLLI'VIVI BUA:
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roe F - pacyeTHoe 3HaueHwe Harpysku (cunbl);
t — TonwwmHa cTeHku 6anku;
lef — YCTIOBHas ANHa pacripeaeneHus Harpyaku, onpefensiemas B
3aBMCMMOCTY OT YCIIOBMIA OMMPaHKS Mo puc. 3.
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3peck t; — TonwmHa BepxHero nosica Ganku, ecnu Ganka ceapHas, Unu
PacCTOsHUE OT HAPYXHOW TPaHU NOMKU 0 Hayana BHYTPEHHEro 3aKpyr-
TNIEHNSA CTEHKI, ECIN HUXKHSIA Ganka npokaTHas.
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3apy6exHbIN ONbIT OLIEHKN CONPOTMBNEHMSA NOKaNbHON Harpys-
ke. OfHol 13 NepBbIx Hanbonee yaayuHbIx MexaHuyeckx mogeneit boina
mogenb, npeanoxenHas T.M. Robert u K.C. Rockey [17, 18]. [aHHas
Mofenb C HeOOMbLIMMM M3MEHEHMSMM MPUMEHSIETCS B aMepUKaHCKNX
Hopmax ANSI/AISC-360-05 «Specification for Structural Steel Buildings».
CBoli Bknag B TEOPETMYECKOE W AKCTIEPUMEHTaNBbHOE 0DOCHOBaHNe MO-
Jeneii ConpoTMBIIEHUs NOKanbHOM Harpysku BHecnm A. Bergfelt, T. W.
Bossert,  A. Ostapenko, N.Markovic, A.C. Newark, S.Shimizu,
D. Ungerman u gp. B 1994 r. O. Lagerqvist [19, 20] npegnoxun mogenb
Ans OnpefeneHus COMPOTWBNEHUS! 3NeMeHTa [LeiCTBUIO JIOKaNbHOM
Harpysku, KoTopasi nerna B OCHOBY METOAMKM, PernameHTUpOBaHHON
TKM EN 1993 [2].

OTa Mofienb BKIKOYAET TPK OCHOBHbIE pacyeTHble npoueaypsl. Mep-
Bas — Onpe/eneHme ConpoTUBNEHNS CTeHkn Fy no kputepuio Texy4ecTn
CTanu, OCHOBbIBasiCb Ha MEXaHWUYECKON MOJenM (CM. pucyHok). BTopas —
OmnpefieneHne TEOPETUYECKON KPUTUYECKOM ciibl Fer noTepu MecTHOI
YCTONYMBOCTM CTEHKM, KOTOPas WMCMONb3yeTcs Ans BbIMUCTIEHNS YCIIOB-
HoOW TMbkocTh oTeka A . TpeTbsi — ONpefeneHne NOHKatLWEro koad-
(huLMeHTa YCTOMYMBOCTU X , YYMTBIBAIOLLETO 3aBUCHMOCTb COMPOTUBIE-

HWS! ANEMEHTA OT YCNOBHOM TMBKOCTM OTCekKa.
COI'IpOTVIBﬂBHI/IB CTEHKKN Fy No KPUTEPUIO TEeKy4ecTu CTanu nony-

YaeTcqa U3 paBeHCTBa BMpTyaﬂbHOI;I paﬁOTbI BHELIHNX U BHYTPEHHUX CUn
AN MEXaHUYECKON MOZENN:

+M S
Fy =40= 0+fyw[ﬂwEESs‘Fth"'_y )
Sy 2
BenvuHa S, OMpeaensieTcs U3 YCrious MAHMMYM BbIpaxeHUs (6).
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Mapametpel Mg u M; SBRSIOTCA nnacTuYeckuMin MOMEHTaMM,
obpasytoimecs B nosce. Mpu onpeaeneHmn M; pacueTHoe ceuenme
COCTOMT TOMbKO 13 nosica, Ans Mg pacueTHoe ceyeHme BKMIoYaeT Ao-
NonHUTenbHo YacTb cTerkn K [Hy, . C y4eTom HekoTopbIX [OMYLEHMil

npu onpegeneHun nnactTn4yecknx MOMEHTOB MO n Mi , OKOHYaTenb-
Hbl€ BblpaXeHUs MPUHUMALOT CeayHoLLmMiA BUA;
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Mocne noactaHoBky BbipaxeHnin (7), (8) n (9) B (6) 1 HECNOXHbIX
npeobpasoBaHmii CONPOTUBEHNE CTEHK Fy Mo KPUTEPUIO TEKYYECTH

; (8)

cTanu npyuHumaet Cﬂeﬂ,y}OLLI'VIVI BUA:

Fy = fyw O DS +2t +2t yf[bf+k2EEh’V) (10)

y

B BblpaxeHum (10) ocTaeTcs HeonpeaeneHHbIM TONbko koadhduum-
eHT K , 3HauYeHMe KOTOPOro YCTaBMEHO Ha OCHOBaHWUM 06paboTkm akcne-
PUMEHTAMbHBIX [aHHbIX 1 MpuHATO paBHbiM K =+/0.02 .

OBiLiee BbIpaXeHUst Ana onpefenesns KpuTuieckon cunsl F no-
TEPM YCTOMYMBOCTY CTEHKM OTCEKa UMEET CReayoLLmil Bua:

For =Ky 5 CE o (11)
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3HaveHve KoadduumenTa Ky , yUUTBIBaOLIEro B HAMPSHKEHHOMO

COCTOsIHUSI, cnocob 3akpenneHna Kpaes, BNUAHNE Ha4anbHbIX HECOBEP-
LUEeHCTB U pan Apyrux napameTpos, Hanbornee TOYHOE MOXET ObiTb

onpezeneHo no criepytoLueit popmyre:
+0.40% by

53+19[€mj L} EEl+ 5 ] (12)
hy 2hy

[ns onpesenexns koadduLmMeHTa yCTONYMBOCTU X MCMONb3yeTes
YCrOBHas IMBKOCTb OTCeKa:

kf:

Y . (13)
Fer

3HaveHme koabduLMenTa ycToinumsocT X Bbinn oTkannbposaHb

Mo 3KCNepUMeHTanbHbIM faHHbEIM ¢ 0BecneyeHnem 5% kBaHTUNS U an-
NPOKCUMUPOBaHbI crieytoLLen yHKUMeN:

A=

Bblpax(eHme CONpPOTMBNEHMA anemMeHTa [ECTBUIO NOKamNbHOM Harpysku
NpeAcTaBneHo B TpaguUMOHHOM BUAE pacyeTa Ha yCTOI;NVIBOCTbZ

Fr =F, X(A). (15)

OueHKka CONPOTMBNEHWS! 3NEMeHTa [AENCTBUIO JIOKanbHOW
Harpy3sku cornacHo TKI EN 1993-1-5. Mpouenypa onpeaenexns co-
NMPOTMBIIEHNS ANEMEeHTa [ENCTBMIO NOKaNbHOW Harpysku npueefeHa B
pasgene 6 TKIM EN 1993-1-5 [2] » ocHoBaHa rmaBHbIM 06pa3om Ha Me-
Toge paspabotaHHbiM O. Lagerqvist ¢ HeGonmblMMM M3MEHEHUSMU B
pacyeTHbIX hopMynax 1 BBEAEHWNE AOMONHUTENBHbIX OrPaHUYEHMIA.

PacyeTHoe conpoTuBMnEHME OnpeaensieTcs kak:

f
Frog = o ettt (1)

Ym1
rge t’W — TOMNLMHA CTEHKHU,

ny — npeaen Teky4ecT matepuana CTeHKu;

Lefr — acbcpekTiBHAs (yCrIOBHAs) ANMHa NpW OnpeAeneHni conpo-
TUBMEHWS! NIOKANbHOW Harpy3ku CTEHKY, kKoTopasi onpeaenseTcs no gop-

Myne:

Let = Xe O, (1)
30€ech Iy - athheKTMBHaA ANnHA NPUNOKEHWS Harpysku, onpeaensiemas
COrMacHo:

ly =g +2t [{1+/m;+m, ) <a (18)

— ANVHA MPUNOXKEHWS! HAarpy3ku Ha Nosic Yepe3 KecTkue onop-
Hble 3rIeMeHTbI OnpeaensaeTcs CornacHo pUCyHKy 6.3 [2];
& — pacCTosHNE MeX/Y NONepeyHbIMI 3NEMEHTaM XECTKOCTH.
MapameTpsl My 1 My COOTBETCTBYIOT MOMKOPEHHBIM BbIpaKeH!-
am B chopmyne (10)

f
my = (19)
fyw Chy
2
0.02 EE&J npn Ar >0.5
m, = t, (20)
0 npu Ar <0.5

KoadhpuimeHT ycTomumBocTM X Oblll HE3HAUMTENBHO WU3MEHEH
[21] v B TKM EN 1993 [2] npefcTaBneH B cneayioLLem Buae:

XF_E<10 (21)

Ar

roe A F —YycnosHasa rMBKoCTb OTCeKa npu onpeneneHnn ConpoTnBNEHNA
NOKanbHON Harpy3ke, NPUHUMAETCS COTNACHO BbIPaXeHUH0:
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— I Ki
Ae = VDIN—VW (22)
FCI'
30ecb Fcr — KpuTn4eckaa chna, paBHas:
3
F, =0.9k, (E [—l:]w: (23)

Mpu onpepenennn koadhduumenta K, mcnonbsyetcst ynpoLyeHHble
3aBMCMMOCTU COrMacHO PUCYHKY 6.1 [2].

3aknioyenue. MoaBoas utorn 063opa COCTOSHUS BOMpOCa pacyeTa
CTanbHbIX KOHCTPYKLMA Ha LeiCTBME NMOKamnbHONA Harpysku, MOXHO CAe-
naTtb CeaytoLyne BbIBOADI:

1. AHanua 3apyDexHbix paboT NokasbiBaeT, YTo B OOMbLUMHCTBE
CTpaH MMpa OCHOBHOW aKLEHT cenaH Ha pasBuUTUE MEeXaHUYECKON MO-
JEeNnV CONPOTUBMEHUS NOKanbHbIM Harpyskam. Cnegyet obpaTuTb BHU-
MaHWe Ha TO, 4TO 3apybexHble 3KCepUMEHTanbHble WCCeA0BaHUs
BbIMOMHSIOTCS MO CMOXMBLUEACS CTaHOApPTU3NPOBAHHON METOAMKe, YTO
no3sonseT 3eKTMBHEE COBEPLUEHCTBOBATL PACYETHYID METOAMKY U
noBbILaTh €€ [OCTOBEPHOCTb Ha OCHOBE OMbITHBIX AaHHbIX. Bonblioe
BHUMaHWe YAenseTcs UCCNeAoBaHNsM MECTHON YCTOYMBOCTY Npu felt-
CTBWM MOABWKHBIX HArpy3oK, MHOXECTBO MyOnuKkaLmii MOCBSILLEHO Mpo-
fremam y4yeTa HayanbHbIX HECOBEPLUEHCTB W Pa3NuuHbIX YCroBUiA 3a-
kpennenus. OpHako B MeToauke, MpuHsTOi B EBpokoge, CyliecTByet
psif BONPOCOB, TPEOYHOLNX YTOYHEHWS M AaNbHENLLErO Pa3BUTHS.

2. Mogenb conpotuenerus capury, npuHsTas B CHull [1-23, He co-
OTBETCTBYET COBPEMEHHOMY COCTOSHUIO METOAMKM pacyeTa CTambHbIX
KOHCTPYKUMI Ha AEACTBME MOKambHbIX Harpy3ok W TpebyeT yTOUHEHMs
pacyeTHbIX MonoxeHui. K coxaneHnto, npy akTyanuaaumy HopMaTuBHBIX
BokymeHToB Poccum, YkpauHbl 1 KasaxctaHa He Halmn OTpaxeHus pe-
3ynbTaTbl UCCNEfOBaHUA, BbINOMHEHHBIX B MOCAENHUE ECSTUNETHS, B
YaCTHOCTYW UCCNEAOBAHMIA CONPOTUBIIEHUS NOKANBHOI Harpyskn ¢ y4eToM
3aKpUTMYECKO CTaguu W nnacTudeckux cBoicTB cramu. OueHb Mamno
ny6nukaLmuin no cucTeMaTM3aLmmn KkCNEPUMEHTanNbHbIX UCCMENOoBAHMIA B
3TOM HanpaBeHNN.

3. MepcneKkTBHLIMW HANPABNEHUSIMU AanbHENLLEr0 Pa3BUTUSI MO-
Jenen ConpoTUBINEHMS TOKANbHLIM Harpyskam sIBNsoTCS:

e UCCMELOBaHMS YCTOMYMBOCTU CTEHKM Bamku ¢ y4eToMm XapakTepa
pacnpefeneHns yCunuia no AfuHe OTCeka M WX B3auMOAEWCTBUS B
npegenax OTCeka B CBS3W C TEM, YTO COMMACHO CYLLECTBYHOLMM
HOpMaMm CIOXHOE HanpskeHHO-AedOPMUPYEMOE COCTOSHWE B Npe-
Jenax paccmMaTpyBaeMOoro 0TCeka CTEHKM B MECTaX MPUIOXeHNs no-
KamnbHbIX Harpy3oK 3aMeHsIeTCs KOMOWHALMEeNn HanmpshkeHWn oT un-
CTOro n3rnba, YICTOro CABMra U NoKanbHON Harpysky;

*  VCCMenoBaHUS HanpsiKeHHO-AedopMUpyEMOe COCTOSHUSA  Banok
nocrne MoTepu YCTOWYMBOCTM CTEHKW C Y4ETOM PasHbIX YPOBHEN
HarpyxeHus.. MockonbKy COCTOSHUE NOTEPU YCTOMYMBOCTM He O3Ha-
YaeT eLLe MONHOTO UCYEPNaHMUs HeCyLLel cnocoBHOCTY BCelt Banku.
CnocobHOCTb MNAcTUHKA BOCMPUHUMATL JOMOMHUTENBHYIO HArpyaky
nocne Gucypkaummn hopm paBHOBECHS XapaKTepU3yeTcs 3aKpuTy-
yeckoil ctapveir ee pabotbl. CnemyeT yuuTbiBaTh, YTO M3MEHEHME
CXeMbl paboTbl COMPOBOXAAETCS BU3yamnbHLIM UCKaXEHUEM KOH-
CTPYKLMM, @ Hepeako M 3BYKoBbIM 3chdekTom. OfHako M3MeHeHue
cTafui paboTbl 0TCeKa CTEHKM U €ro NoBeeHNe Ha Pa3HbIX YPOBHSIX
Harpy3oK, B 4aCTHOCTM [/ IPOBEPOK SKCMyaTaLWMOHHO NPUroAHO-
CTU, HE OTPAXEHO B HOPMATUBHbIX JOKYMEHTaX.

4. AKTMBHOE pa3BMTHE KOMMbIOTEPHBIX TEXHOMOMMIA NPUBENO K pas-
paboTke MOLLHbIX BbIYMCIUTENBHBIX KOMMNEKCOB Ha ocHoBe MKO ans
MOZENNPOBaHMS paboThl CTanbHbIX KOHCTPYKUMA. CyliecTByioT paboThbl
no MOAENMPOBAHMIO CTarbHbIX KOHCTPYKLMIA, B KOTOPLIX aBTOpPbI [06U-
NCb [OCTATOYHOM A/1S1 MHXEHEPHON MpaKTUKW COBMalEHMs TEOpeTUye-
CKMX W SKCMEPUMEHTaMbHBIX pe3ynbTatoB. OgHAKo cpeau cnewuanicToB
HET YEeTKMX PEeKOMeHZaumii No MpPUMEHEHW0 METOAOB OCHOBaHHbLIX Ha
KOMMbIOTEPHOM MOZENMPOBaHUM 1 MHTEPNPETALIM NONYYEHHBIX PE3YIib-
TATOB, OCTAETCS OTKPLITLIM BOMPOC MHTEPTPETALMN U OLIEHKN pesynbTa-
TOB pacyeTa W, Camoe IMaBHOe, He OMmpefeneHbl YacTHble kKo3adduLmeH-
Thl, MCMOMb3yeMble B MPOBepKax MpeaesnbHbIX COCTOsHUMIA. Bce ke, no-
noxwTenbHas TeHgeHuns pa3suTis KO MeTooB pacyeTta KOHCTPYKLMAM
OCTaBNSET Hafexay, YTo B CKOPOM BpeMeHn Oy[eT yaeneHo [OmKHoe
BHUMaHe pa3suTuio KO MeTogoB pacyeTa v paspaboTke HOPMATUBHOTO

LOKYMEHTa pernamMeHTUpYIOLero NpoLeaypy KOMMbITEPHOTO Mofenu-
POBaHMsi CTasbHbIX 3MIEMEHTOB.
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NADOLSKI V.V. Analysis of settlement models of resistance to local loading of steel elements

The article highlights the current state of the issue of calculation of steel structures to the action of local transverse forces. The basic theoretical as-
sumptions underlying the Eurocode 3 are shows. The theoretical assumptions laid in resistance models of local buckling under transverse forces are
compared. Future directions of further development of models of resistance to local loads are marked.

UDK 624.014.2
Martynov I., Nadolski V.

LIMIT STATE DESIGN OF SLENDER STEEL WEBS ASSOCIATED WITH THE SHEAR
BUCKLING

1 Introduction. The determination of shear resistance of slender
steel web in modern normative documents is based on post - buckling
stage. It is assumed that the principal behavior of the web change from a
stable state to a post - buckling stage during the process of increasing
load. In this formulation, shear resistance is determined by adding re-
sistance to the loss of local stability and by additional resistance provided
by the process of post — buckling stage.

Shear resistance models which take into account the post - buckling
stage get the reasonable value of ultimate shear resistance of steel ele-
ments (the term ultimate shear resistance means the value of shear force
after which the element can not resist the load). These models are suita-
ble for the ultimate limit states (ULS), but one of following situations is
possible under common conditions:

a) loss of local stability of the web which can cause a discomfort to people;
b) multiple loss of local stability which can cause fatigue failure of the
material;

c) decrease of a member stiffness due to the loss of local stability of the
web after which requirements of the serviceability limit states (SLS) on
deformability are not satisfied.

The situations mentioned above are not associated with collapse or
with other similar forms of structural failure and therefore they can be well
covered by (classified as) serviceability limit states (SLS). Models of
shear resistance which are based on the elastic critical plate buckling
stress should be used to check these states.

Verification formulas for SLS related to the local buckling of web from
the action of shear stresses are offered in the first part of the paper. An
analysis of reasonability of the use of SLS criteria for determination of
shear resistance is given in the second part.

2 Verification formulas based on the SLS criteria

a) Avoiding single web buckling at ordinary conditions (or at
common circumstances). This verification should be carried out in cas-
es when the web buckling can cause discomfort to people by sound or by
visual effect. A moment of local stability loss of the web is considered as
limit state. In order to prevent this state, it is necessary to assure that the
level of actual stress does not exceed the critical stress for a shear buck-
ling mode. Actual stress must be determined using a SLS load combina-
tion. It is reasonable to use the characteristic load combination according
to EN1990 [1] to avoid this state.

Verification formula can be written as follows:

Ved,sts SVRdsLs: (1)

Where Vg sis is a design value of a load effect for SLS verifica-
tions which is calculated using the load combination according to [1]:

VRasis is a shear resistance for SLS verifications at the moment of
web buckling.

b) Avoiding the multiple (frequent) web buckling (excessive
"web breathing"). Multiple buckling (breathing) of the web can cause
fatigue of the material in the bent area and can lead to a fatigue (brittle)
fracture. This fracture can appear in tension areas of the web-flange
interface and in tension areas of web-stiffener connection for crane and
bridge girders. It is related to a large variability of loading for these con-

structions. Verification of this situation is published in EN 1993-2 [2] and
EN 1993-6 [3]. In addition, application of this verification is possible, for
example, if the staff is well informed about possibility of local buckling of
web and knows that it is acceptable state. This verification can be used
for more general cases.

This verification is given in the section SLS and named "Limitation of
web breathing" [2, 3]. This condition is written as follows:

2 2
0-x,Ed,ser + 1 1 Tx,Ed,ser < 11 (2)
kcoE kroE
Where Oy gd.ser and Ty gd ser are normal and shear stress from the
frequent load combination respectively.

Considering only the shear stress this verification can be written as
follows:

VEdsLs <VRdsLs- 3

The frequent load combination permits a local buckling but limits its
number.

c) Avoiding element stiffness decrease. This verification is rele-
vant in cases when the stiffness verification is decisive for element de-
sign, so the additional stiffness reduction is not acceptable. As a result, it
is necessary to consider a value of a resistance at the moment of a web
buckling. This type of verification is analogical to the previous one, but it
is necessary to use the same load combination as at the verification of
deflections to determination of a design value of a load effect for SLS.

3 Procedure of reasonability of use of SLS criteria for shear re-
sistance verification
3.1 General case. It is necessary to analyze whether it makes sense
to carry out verifications mentioned above or it is enough to perfom verifi-
cations for ULS (according to EN 1993-1-5[4]) and above mentioned
states will not occur. Procedure that gives an answer to this question is
described further.
It is possible to calculate a value of a shear resistance for ULS for
given characteristics of an element according to chapter 5 [4]:
VRra,uLs = Vowrd + VitRrd: 4
Next, the design value of a load effect for ULS verifications can be
defined according to the full usage of element resistance:
VEd,uLs = Vrd,uLs- (5)
It is possible to define characteristic values of action components
from the design value of a resulting load by following formulas [5]:

V

G - Ed,ULS Y
“ {E}y + ({LIJQ}VQ-'-k{LIJW}yW)X )
e @+k)a-x
X G,
AT 7
Q= ) (1) )
Wk = k QK. (®)

Here the parameter X denotes the ratio of variable actions
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