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AHAINN3 PACYETHbIX MOOENEN COMPOTUBJIEHNA JIOKAITbHOU HAMPY3KE
CTAJIbHbIX SJIEMEHTOB

Beepnenue. Bonpochl obecneyenns conpoTUBNEHNS CTambHbIX 3fle-
MEHTOB Ha [AENCTBUE IOKANbHOW Harpysku SBMSIOTCH [AOCTATOHHO
060C061EHHBIMM, HO O4EHb BaXHbIMW NPU UCCIeAoBaHUM PaboTbl TOHKO-
CTEHHbIX KOHCTPYKUMA. HecMOTps Ha 3HAUMTENbHOE BHUMAHWE, OHU
npeAcTaBnsioT ObLWMPHY0 06nacTb Ans AanbHelwmx uccregosaxui. B
MecTax MpUMOXEHWs Takux Harpy3oK B CTEHKe Barkv BO3HUKAET CrIOXHOe
HanpskeHHoe cocTosiHue. Mpu 3TOM 3HAUMTENbHYK0 YacTb CyMMapHOrQ
Monst HanpsiKeHWIA COCTaBMAT MEeCTHble HanpsikeHus. MccnepoBaHue
HanpsXeHHO-0ehOPMUPOBAHHOTO  COCTOSHWS  TOHKOCTEHHOTO  CTEPXHS
OCYLLECTBASIETCS NMyTEM pacyfieHeHns ero Ha psif CocTaBnsHOLMX FINOC-
KWX MNacTWH, Kaxaas M3 KOTOPbIX 3arpyxaeTcsi HopManbHbIMU W kaca-
TeNbHBIMK YCUNMAMM B3aUMOAENCTBHS.

B cBs3u ¢ BBegeHnem ¢ sHeaps 2010 r B Pecnybnuke Benapyck TKA
M0 NPOEKTUPOBAHMIO CTPOUTENBHBIX KOHCTPYKLMA, MOEHTUYHBIX,COOTBET-
cteytowmm EBponeiickum HopMam (EBpokogam), nosiBurcs psig. Bonpo-
COB TpebyloWmMX AeTanbHOro 13ydeHust. K Takum BOMPOCAM OTHOCATCS:
13y4eHne MeTOZOB M MPUHLMMOB, 3anoxeHHbIX B EBponenckux Hopmax,
KOMMIEKCHOE W3yYeHre NpoLiecca NPOeKTMPOBAHNS W KOHCTPYMPOBaHMS,
COMocTaBreHe OTAENbHbIX MPOBEPOK ANEMEHTOBWMPSAL APYruX.

AHanu3 mopenei COMPOTMBMEHUS CEYEHUN CTaNbHbIX 3MEMEHTOB
(MPOBEPKM MPOYHOCTM CeyeHuit, NOABEPEHHbIX TENCTBIO M3rnbatoLLero
MOMEHTa, NpPOAONbHON cunbl, cosury) 6e3 yyeta acdekTo noTepw
MeCTHOM ycToitumBocTv no gokymeHtam CHul 11-23 [1], Espokog 3 [2],
roKasblBaeT, YTO OHYW MpakThdeckicosnaaatoT. OaHako B psde Cnyyaes
pacyeTHble Mofenu conpoTUBNIEHNs pasnuyatoTcs. B yactHocTn aHanus
Mogenen conpoTUBIIEHNS LIEHTPAbHOMY CXaTWio MU NPOBEPKaX YCTON-
4MBOCTY (ConpoTUBNEHME NPOZObHOMY 13ruby) CTanbHOMo anemeHTa [3]
rokasar, YTo pPacxokaeHWs B 3HayeHWsX koadduLMeHTa NpoaonbHOMo
n3rnba Ans Hamboriee pacapocTpaHeHHbIx cryyaeB gocturaoT 20%.
Haunbornee cylieCTBEHHO Pa3nnyaloTcs MOAENN CONPOTUBNEHMS, YUUTbI-
BatoLLWe "NOTEPI0 MECTHOW YCTONYMBOCTU. [lpeaBapuTenbHbln aHanmua
Mogenen COMPOTVBNEHMS JTOKANbHON Harpyske, Tak e CBULETeNbCTBYET
0 CYLLECTBEHHbIX:PA3NNIMAX B OLiEHKe HEeCyLLeil CoCOBHOCTM.

OTMeyeHHbIE CYLLIECTBEHHbIE PA3NUYMA BbI3bIBAIOT OCTPbIE ANCKYC-
civ Npu BHeapeHun EBPOKOAOB B NpakTUKy MpoekTuposaHus B Pecny6-
nvkn Benapycb. C 0AHOI CTOPOHBI MOAENN COMPOTUBIEHNS NPUHATLIE B
EBpokogax sBnstoTcs ogHMMK W3 Hanbonee cospemeHHbix. C apyroi
CTOPOHbI PacyeTHble MOAENN HaLMOHaMbHbIX HOPM [1] NpoBepeHb! npak-

TUKOW 4IPOEKTMPOBAHUS W SBMAKOTCA COCTOSTENbHBIMM (HE SBMAKOTCA
NPUYMHAMI Pa3pyLUEHNI).

B _cTaTbe OCBeLEHO COBPEMEHHOE COCTOSHME BOMPOCa pacyerta
CTanbHbIX, KOHCTPYKUMA Ha AENCTBME FOKaNbHOM Harpysku. [etanbHo
paccMOTPEHbI, OCHOBHbIE TEOPETUYECKIE MPEANOCHIKY, NONOKEHHbIE B
ocHosy ‘Espokopa 3 [2]. ABTOpOM NpeanpuHaTa nombiTka CPaBHUTL Me-
TO@MKW pacyeTa B NepBOM MPUBMMXEHUM HA OCHOBE Pe3ynbTaToB aHa-
Nn3a\TeOPETUYECKMX NMPEANOCHINOK U PaCHETHBIX MOAENEN ConpoTUBIe-
HWs1 JTOKANbHOM Harpy3Kke CTasnbHbIX 3NIEMEHTOB.

OO6wwue NonoxeHUs pacyeta 3neMeHTa Npu AENCTBUM NOKalb-
HoW Harpy3ku. OnpeaeneHne COMPOTMBIEHWS 3reMeHTa AerCTBUO
NOKaNbHO! Harpyski NpeacTaBnsieT coboil TeOpPeTUYECKN CIIOXHYH 3a-
Aavy. B cBsisu ¢ aTMM, nepBoHayanbHo 60MbLLOEe pacnpocTpaHeHue no-
Ny4nnu SMNMPUYECKMe pacyeTHble MOAENM, OCHOBAHHble Ha 3KChepw-
MeHTarnbHbIX AaHHbIX. BnocnencTsum, Obinu passuTbl pacyeTHbe Moae-
N1, OCHOBaHHbIE Ha MEXaHUYeCKoi naeanuaaummn npolecca otkasa. Ans
TakNXx MoZenei BbIOEeNAT [Be OCHOBHble (hopmbl OTkasa. [lepeas
OMPeeNseTcs TEKy4eCTbio MaTepuasna nof Harpyskom, a BTopas CBs3a-
Ha C NoTeper MeCTHOM YCTONYMBOCTM CTEHKN.

Ha ocHoBaHMM 3TKX (hOpM OTKa3a PaccMaTpUBAKOT HECKONbKO BO3-
MOXHbIX CTapuii paboTbl anemeHTa. MepBylo CTaauni BbIAENSIOT [0 No-
TEPWN MECTHOM YCTOMYMBOCTW CTEHKM OT LEACTBUS NOKANbHON Harpysku.
[Mpy 3TOM KpUTEPUEM HACTYMNIEHUs] NPEOENbHOMO COCTOSHUS SBNSIETCS
JOCTXEHWE NPefena TeKy4ecTu Uiu KpUTUYECKON CUNMbl (HanpsiKeHuit)
noTepu yctoiumBocTu. Kak npuBMMO, Ha OCHOBaHWM 3HEPreTMHECKUX
KpUTEpUEB YCTOAYMBOCTU M BapWaLMOHHbIX MPUHLWMOB MOMyYeHsbl TOY-
Hble PELUEHUs [N KPUTUYECKUX CUN (HanpsbkeHWn) Ans OTAEnbHbIX
YaCTHbIX CMy4YaeB KOHCTPYKTUBHbIX pelueHuit. OfHako KpuTuyeckue
HanPSHKEHWUS  XapaKTEPU3YIOT TOMbKO MOMEHT HACTynneHust noTepw
MECTHON YCTONYMBOCTM CTEHKM, HO HE MOMHOE UCYEPNaHWe ConpoTMBNe-
HWS NeMeHTa.

OKCMEPUMEHTANbHO U TEOpPETUYECKW YCTaHOBMEHa BO3MOXHOCTb
YBENUYEHNS HArpy3Ki HA SNEMEHT NOocre NoTEPU MECTHOM YCTONYMBOCTM
CTEHKM OTCeKa Npu JeiCcTBUM NIOKANbHOM Harpysku. B aTom cnyyae pac-
CMaTpUBAIOT 3aKPUTUYECKYID CTaamMio paboTbl CTEHKM OTCeka, Npu KOTo-
POM 4YacTb CTEHKM TepsieT YCTOWYMBOCTb. Takoi nogxod No3sonseT
YYeCTb 3HAYUTENbHbIA PEe3epB COMPOTUBMEHMS NOKANbHOM Harpyske
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CTEHKM OTCeKa 3a CYET U3MEHEHNS CXeMbl ero paboTbl, (hopmupytoLLeics
nocrie MOTEPW CTEHKOM MPSIMONMHENHOA hopMbl paBHoBecKs. OpHako
paspaboTka KpuTepusi MpedenbHOr0 COCTOSHWS ANs LaHHOW CTaguu
paboTbl NpeaCcTaBNsieT CNOXHYI0 3afady B TEOPETMYECKOM W 3KCnepu-
MEHTanbHOM MniaHe.

B 6OMbLUMHCTBE COBPEMEHHBIX [JOKYMEHTOB MO pacyeTy CTambHbIX
KOHCTPYKLMI NPUMEHAIOTCS MexaHudeckue mogenu. OCHOBHble pasnu-
Uusi MeXaHU4YECKUX MOAENel CBsi3aHbl co cnocobamm yyeta cTagum pa-
60Tbl CTEHKM OTCEka W OCOBEHHOCTSIMM onpedeneHust 3hdeKTUBHOM
OMUHbI NIPUNOXEHUS NIOKANBHOM HArpy3Kku.

OTeyeCTBEHHbIA ONbIT OLEHKU COMPOTUBIEHUSA JIOKanbHOW
Harpyske. PacyeT HanpskeHWA W NEpeMELLEHNA B TOHKOCTEHHbIX
CTEPXHSAX 0ObIYHO MPOM3BOAMTCS Ha OCHOBaHMM Teopuii B.3. Bnacoga [5]
(cTepxHu oTkpbITOro npochuns) u Teopumn A.A. YMaHckoro [6] (CTepxHM
3akpbIToro npoguns). Ho obe Teopun AT BO3MOXHOCTb OMpesenuTb
TONBKO 371EMEHMAPHBIE HanPsKEHUS, KOTOPbIE MO CTEMEHW TOYHOCTM
COOTBETCTBYKT MPEANOCHINKaM TEOPUM COMPOTUBMEHNS MaTepumasnos.
OneMeHTapHble HanpsKEHUS OMUCHIBAKOT HANPSKEHHOE  COCTOsHWE
NPaKTUYECKN TOYHO NNLLb B NONEPEYHBIX CEYEHNSIX, JOCTATOYHO YAaneH-
HbIX OT MECT MPWUIIOKEHUS HAarpy3oK M OT MECT, B KOTOPbIX WMEKTCS
«BO3MYLLIEHNS» (POPMbI KOHCTPYKUMW: Avadparmbl, pebpa XecTkocTy,
BbIpe3bl M T.N. OfHaKo B Cryyae OLEHKW COMPOTUBIIEHNS CEYEHUS B 30HE
MPUNOKEHUS NOKambHOW Harpysku criefyeT Npou3BOAWUTb MPOYHOCTHbIE
pacyeTbl 3MEMEHTOB KOHCTPYKLUMA C YH4ETOM MECMHbIX HanpsXeHul, TO
€CTb MO CYL|EeCTBY paccuuTbiBaTb UX METOZaMM TeopuW ynpyroctu [7].
[Mpx 3TOM NMPUMEHMTENBHO K 3afa4aM pacyeTa Ha fokarbHyl Harpysky
CrefyeT y4uTbIBaTb COBMECTHOCTb [eOpMaLyii CMEXHbIX MNACcTUH
CEYEHMS], YTO CYLLECTBEHHO YCMOXHSIET peLleHne. PasHuua Mexay ane-
MEHTapHLIMW HaMPSXKEHUSIMU W MECTHBIMW HaNPSXKEHUSIMU HE TOMbKO
KONMYECTBEHHAS, HO 1 CYLLECTBEHHO KayeCTBeHHas [7].

B TeopeTuyeckoM nnaHe CyLecTBeHHyto npobnemy npeactaBnsiet
BbIGOP KpUTEPUS HACTYNNEHWUS NPEAENBHOMO COCTOSHUA MPY NOKANbHOM
Harpyake. B 0Te4YeCTBEHHON NpaKTUKe NMpU MHOFOKOMMOHEHTHOM Hafpsi-
XEHHOM COCTOSIHUW NS NIIOCKOTO HAMPSHKEHHOTO COCTOSIHUA, KaK fipaBu-
no, B Ka4eCTBE KPUTEPUSH OTKa3a «MO MPeaeny Teky4ecTU» WUCMONb3YIoT.
SHEPreTUYECKOE YCroBMe NacTuyHocTU. Kputepuem oTkasadno notepu
MECTHOW YCTOMYMBOCTUY NpeanonaraeTcs HegonylieHe noTepu MECT-
HOA YCTOMYMBOCTU CTEHKW SMIEMEHTa NPU Pac4eTHOM YPOBHE HArpysok,
T.€. pacyeTHas METOAMKA HanpaBneHa Ha obecneyeHneMecTHOI ycTom-
4MBOCTM NOBBIMKM criocobamu.

ViccnenoBaHveM CONPOTUBNEHMS CTaNbHbIX 3IEMEHTOB FOKANbHbIM
Harpyskam 3aHumanuce B.A. bangwH, H.H. Besyxos, bB.M. Bpoyae,
M.O. KyauH, AW, Kysun, B.M. Moncees, KK HexaaHos, B.B. Jlamncy,
A.P. PxanuupiH, A.W. Ctpenbbuukasi, Gl TumoLueHko u ap. [8-11].

13 yncna otevecTBeHHbIX paboT, NMOGBSALIEHHbIX 3KCMEPUMEHTamNb-
HOMY WCCME[0BaHMIO COMPOTMBIEHNS. MOKaNbHBIM Harpyskam, crneayet
ocobo otmetuts pabotbl B.C. LvpmaHoBa [12], A.W. Kyauna [13],
W.E. Cnenrnepa [14], H.FO. TpsHuHoi [15], A.W. Konecosa [16].

OueHKa CONPOTUBMEHUA, 3NeMeHTa [AEeNUCTBUIO  JIOKanbHOW
Harpy3ku cornacHo CHull I1-23-81*. CornacHo [1] nposepka Npo4HOCTH
W YCTOW4MBOCTM BbINOMHSIETCA pasfenbHo. [lpoBepka YCTONYMBOCTM
CTEHOK U3rnbaemblx SNEMEHTOR BbIMOMHSETCS HA OCHOBE TEOPUN YCTOM-
YMBOCTM_MPSIMOYFOMABHbIX NNacTUHOK, paboTatowmx B ynpyron cragum
UnW 3a Npegenom YApYrocTH 1 UMEILLMX COOTBETCTBYIOLME rpaHNYHbIe
ycnoBus. OCTaTouHble HanpsiKeHWsl, 3akpuTUdeckas ctagus pabota u
HEeCOBEpLUEHCTBA MNACTMHOK, 32 MCKMIOYEHMEM CTEHOK TOHKOCTEHHbIX
6anok, Y4TEHbI KOCBEHHBLIM MyTEM - KOPPEKTUPOBKOW Pe3yNbTaToB, Mosy-
YeHHbIX De3 yyeTa aTux hakTopoB [4]. YCTONYMBOCTL CTEHOK Barok npo-
BEPSIETCS C Y4ETOM WX YaCTUYHOTO 3alLeMMEHNs B Mosicax, CTeneHb Ko-
TOPOrO Mpu ynpyroi pabote 6anku 3aBUCKT OT COOTHOLLIEHMS KECTKOCTEN
nosica 1 CTeHKM. JPGeKT 3aLLemneHns CTEHKN nonepeyHbIMin pebpamu
KECTKOCTM HE Y4WTBIBAETCS, M B MECTax MX MOCTaHOBKM MPUHUMAETCs
LIApPHVPHOE OnMpaHe KPOMOK (rpaHeit) NacTuHKN.

3HaueHve KPUTUYECKOTO NOKanbHOro HanpsbkeHust O, BbI4UC-

loc,cr ?

nsieTcs no cregytoLien gopmyne:

c, R
0-Ioc,cr = ——zy ) (1)

a
roe C, — Ko3DULMEHT, yUnTbIBAIOLLMIA 3aLLEMNIEHE KPAEB MNACTUHKY,
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rae a — paccTosiHue mexay nonepevHbIMn neMeHTamm KECTKOCTH,
3HaueHus KPUTUYECKOrO IOKaNbHOrQ« HanpsXxeHna  NpUHUMaroTcA
He3aBUCMMO OT ANUHbI pacnpedeneHna AaBneHna Harpysku I Co-

rnacHo [4] Gonee TouHoe 3HaYeHne, O, . ., CY4ETOM ANMHbI pacrnpese-
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B cootsetctBumM ¢ niS.13 [1] AN pacyeta Ha MPOYHOCTb CTEHKM
Bankn B MecTax/MpunoxeHWsHarpy3kn Kk BepxHemy nosicy, a Takke B

ONOPHbIX CEeYEHNAX Ganku, He YKPenneHHbIX pe6paMM XeCTKOCTH, ycno-
B/€ NPOYHOCTM MO MECTHLIM HanpsikeHuam nmeet Cﬂeﬁly}OLLl'I/lI;I BnA:
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rne F —pacyeTHoe 3HaueHve Harpysku (curbl);
T = TonwwmHa cTeHkn 6anku;
lef =YCrOBHas AnvHa pacripedeneHins Harpyaku, onpefensiemas B
3aBUCVMOCTM OT YCIOBMIA OMMPaHKs Mo puc. 3.
Ief =b+ th s (5)

3neck t; — TonwmHa BepxHero nosica Ganku, ecnu Ganka cBapHasi, Unu
PACcCTOSHUE OT HAPYXHOW rpaHu NOMKM [0 Havana BHYTPEHHEro 3aKpyr-
TIEHUSA CTEHKI, ECIIN HUXHSIA Ganka npokaTHasi.

3apy6exHbIN ONbIT OLIEHKN CONPOTUBIIEHNSA NOKaNbHOW Harpys-
ke. OfHoM 13 nepBbIx Hanbonee yaayHbIx MexaHuyeckx mogeneii oina
mogenb, npeanoxenHas T.M. Robert n K.C. Rockey [17, 18]. [aHHas
Mofenb C HeOOMbLMMM M3MEHEHUSMU MPUMEHSETCS B aMEePUKAHCKUX
Hopmax ANSI/AISC-360-05 «Specification for Structural Steel Buildings».
CBoli Bknag B TEOPETMYECKOE W IKCIEpUMEHTaNbHOe 060CHOBaHWe MO-
Jeneii ConpoTMBIIEHUs! NOKamnbHOM 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 SNEMeHTa [LENCTBMIO JIOKaNbHOM
Harpysku, KoTopasi nerna B OCHOBY METOAMKMW, pernameHTUpOBaHHOM
TKM EN 1993 [2].

OTa Mofienb BKIKOYAET TPU OCHOBHbIE pacyeTHble npoLeaypsl. Mep-
Bas — Onpe/eneHme ConpoTUBREHNs CTeHK Fy no kputepuio Teky4ecTn
CTanu, OCHOBbIBasiCb Ha MEXaHU4ECKON MOZenM (CM. pucyHok). BTopast —
OmnpefieneHne TeOpeTUYECKON KpUTUYECKOR cumbl Fe, MOTEpM MecTHOI
YCTOYMBOCTM CTEHKM, KOTOpas UCTIONb3yeTcs ANS BbIYUCTEHWS YCIOB-
HOW TMbkocTW oTeka A . TpeTbsi — ONpeaeneHne MOHKALEro Ko3dh-
(huLMeHTa YCTOMYMBOCTU X , YYMTBIBAIOLLErO 3aBUCHMOCTb COMPOTUBIE-

HWS ANEMEHTA OT YCMOBHOM MMBKOCTM OTCeKa.
COI'IpOTVIBJ'IBHI/IB CTEHKKN Fy Mo KPUTEPUIO TEKYYEeCTU CTanu nony-

YaeTcqa U3 paBeHCTBa BMpTyaﬂbHOﬁ pa6OTbI BHELLUHUX U BHYTPEHHUX CUN
AN MEXaHUYECKON MOLENM:

+M S
Fy =40= 0J'fyw[ﬂwEESsJ'th"'_y )
Sy 2
BenvuHa S, ONpeaensieTcs: U3 YCrioBus MUHAMYMa BbipaxeHus (6).
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PucyHOK. MexaHnyeckas MoJenb Ang onpeaeneHns conpoTUBNEHNSA CTEHKN NO KPUTEPUIO TeKy4eCTU CTanu
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Mapametpel Mg u M; sBRsIOTCA nnactudeckuMin MOMeHTaMM,
obpasytoimecs B nosice. Mpu onpeaeneHnt M; pacueTHoe ceueHme
COCTOMT TOMbKO U3 nosica, Ans Mg pacueTHoe ceueHue BKNiouaeT Ao-
nonHUTensHo Yactb cTerkn K [Hy, . C y4eTom HekoTopbIX AOMyleHuil

npu onpegeneHun nnactTh4ecknx MOMEHTOB MO n Mi , OKOHYaTenb-
Hbl€ BblpaXeHUs MPUHUMALIOT CreayHoLLMi BU;
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Mocne noactaHoBkM BbipaxeHni (7), (8) n (9) B (6) 1 HECTOXHbIX
npeobpa3oBaHmii CONPOTUBMEHNE CTEHKU Fy Mo KpPUTEPUIO TEKy4ecTy

cTanu npyuHumaet CJ'IeJJ,y}OLIJMVl BhA:

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

B BblpaxeHum (10) ocTaeTcs HeonpeaeneHHbIM TOMbKO Koadhduum-
eHT K , 3HauYeHWe KOTOPOro yCTaBMEHO Ha OCHOBaHMI 06paboTKM 3Kcne-
PUMEHTAbHBIX [aHHbIX 1 MPUHATO paBHbIM K =+/0.02"

OBiuiee BbIpaXeHUst Ana onpefenesns KpUTUYeCkom cunsl . no-
TEPM YCTOMYMBOCTM CTEHKM OTCEKa MMEeT CREyIoLuMiA BUL:

For =Kp o B dus (11)

12(1 u2) hy
3HaveHve KoadduumerTa Kp,, YWUTBIBAIOWENO BIA HAMPSHKEHHOMO

COCTOSIHMS!, cnocob 3aKpenneHna Kpaes, BNnAHNE Ha4vanbHbIX HecoBep-
LIEeHCTB U pan Apyrux napameTpos, Hambonee TO4YHOE MOXET OblTb

onpezeneHo no cregyfotieidopmyne:
+0.404 by

53+19EE“NJ L EE1+ 5 ] (12)
hy 2hy

[ns onpénenerns koadduLmMeHTa yCTORUMBOCT X MCMONb3yeTes
YCrOBHas! IMOKOCTL OTCeKa:

kf:

y . (13)
Fer

3HaveHve koaduLmMeHTa ycToiumeocTM X Bbinn oTkannbposaHb

Mo SKCMepuUMeHTanbHbIM faHHbIM ¢ obecneveHnem 5% kBaHTuns u an-
NPOKCUMUPOBaHbI crieytoLLen yHKLmMeN:

A=

Bblpax(eHme CONpOTMBNEHMA ANEMEHTa [ECTBUIO NMOKamNbHOM Harpysku
NpeAcTaBneHo B TpaguUMOHHOM BMAE pacyeTa Ha yCTOI;NVIBOCTbZ

Fr #F, T (A): (15)

OueHka CONPOTMBNEHUS 3NEMEHTa [AEUCTBUIO JIOKaNbHOW
Harpy3ku cornacHo TKIMEN1993-1-5. Mpouenypa onpeaenexus co-
NPOTUBIIEHNS ANEMEHTA/JENCTBUIO NOKaNbHON Harpyskv npuBefeHa B
pasgene 6 TKIM EN 1993-1-5 [2] u ocHoBaHa rnaBHbIM 00pa3om Ha Me-
Toge paspabotaHHbiM O.Lagerqvist ¢ HeGonmbwMMM M3MEHEHUSIMU B
pacyeTHbIX hopmynax 1 BBEEHWE AOMOMHUTENBHbIX OrPaHUYEHNIA.

PatdeTHOe ConpoTuBnEeHe onpeaenseTcs Kak:

f
FRd :M‘ (16)

Ym1
rae. i, — TOMWMHa CTEHKM;

fyw — Npeaen Teky4ectT Mmatepmana CTeHKK;

Lo — acbcbekTiBHaR (ycrioBHas) AnvHa Mpu onpeenerin conpo-
TUBMEHWS! NIOKANbHOW Harpysku CTEHKMW, KoTopast onpeaenseTcs no ¢op-

MyRe:

Lett = Xe O, (1)
30€ech Iy - ahheKTMBHaA ANnHA NPUNOKEHNS Harpysku, onpeaensemas
COrMacHo:

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

— ANVHA MPUNOXEHWs Harpy3ku Ha Mosic Yepe3 KecTkve ornop-
Hble 3reMEeHTbI OnpeaensaeTcs CornacHo pUcyHKy 6.3 [2];
& — pacCTOsiHNE MeX/y MONepeyHbIMN 3eMEHTaM XECTKOCTH.
MapameTpbl My M My COOTBETCTBYIOT NOAKOPEHHBIM BbIPakeHU-
am B chopmyne (10)

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

KoachpuumeHT ycTomuneocT X Oblnl HE3HAUMTENBHO WU3MEHEH
[21] v B TKM EN 1993 [2] npefcTaBneH B CneaytoLLem Buae:

0.5
Xe ==—<10, (21)
A
roe )\ F —YycnoBHasa rMBKOCTb OTCEeKa npu onpenenexHnn conpoTneneHna
TI0KanbHowM Harpyske, NpUHUMaeTCs COrnacHO BbIPAXEHWIO:
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— I Ki
Ae = VDIN—VW (22)
FCI'
30ecb Fcr — KpuTn4eckaa cuna, paBHaa:
3
F, =0.9k, (E [—l:]w: (23)

Mpu onpepenennn koadhduumenta K, mcnonbayeTtcst ynpoLyeHHble
3aBMCUMOCTU COIMacHO PUCYHKY 6.1 [2].

3aknioueHue. MoaBoas utorn 063opa COCTOSHUS BOMpOCa pacyeTa
CTanbHbIX KOHCTPYKLMIA Ha JEiCTBME MOKaNbHOW Harpyski, MOXHO cae-
naTtb CreaytoLLme BbIBOAbI:

1. AHanua 3apyDexHbix paboT nokasbiBaeT, 4To B OOMbLUMHCTBE
CTPaH MMpa OCHOBHOW aKLEHT CenaH Ha pasBUTME MEXaHWYECKOW MO-
JEenV CONPOTUBMEHUS NOKanbHbIM Harpykam. Cnepyet obpaTutb BHU-
MaHWe Ha TO, 4TO 3apybexHble 3KCMepUMeHTarbHble WCCeAoBaHNs
BbIMOMHSOTCS MO CMOXMBLUEACS CTAHAAPTM3NPOBAHHON METOAMKe, YTO
no3sonsieT 3peKTMBHEE COBEPLUEHCTBOBATL PACYETHYK) METOAMKY U
noBbIlWaTh €€ [AOCTOBEPHOCTb Ha OCHOBE OMbITHBIX JaHHbIX. Bonbluoe
BHUMaHWe YAEenseTcs UCCNeaoBaHNsAM MECTHON YCTOMYMBOCTY Npu Lent-
CTBWM MOABWKHBIX HArpy3oK, MHOXECTBO MyOnuKkaLmii MOCBSILLEHO Mpo-
fnemam y4yeTa HayanbHbIX HECOBEPLUEHCTB W Pa3NWYHbIX YCOBUIA 3a-
kpennenus. OpgHako B MeToauke, MpuHsTON B EBpoKoge, CyluecTByeT
psi BONPOCOB, TPEOYIOLNX YTOUHEHWS M AanbHENLLErO pasBuTHS.

2. Mogenb conpotuenerus capury, npunaTas 8 CHul 11-23, He co-
OTBETCTBYET COBPEMEHHOMY COCTOSIHWKO METOAMKW pacyeTa CTamnbHbIX
KOHCTPYKUMII Ha AENCTBME MOKamMbHBIX HAarpy3ok W TpebyeT yTouHeHus
pacyeTHbIX MONoXeHui. K coxaneHnto, npy akTyanuaaumu HopMaTuBHBIX
BokymeHToB Poccum, YkpauHbl 1 KasaxctaHa He Halmm OTpaxeHus pe-
3ynbTaThl UCCNEefOBaHUMA, BLINOMHEHHLIX B MOCAEAHME OECATUNETHS, B
YaCTHOCTY UCCNEAO0BAHMIA CONPOTUBIEHMUS NIOKANBHO Harpysku C y4ETOM
3aKpUTMYECKO CTaguW U NnacTuyeckux cBOMCTB ctanu. OueHb mamno
ny6nukaLmuin no cUCTEMATM3aLMKM KCTIEPUMEHTANbHBLIX UCCNEA0BaHMIAB
3TOM HanpaBeHuN.

3. MepcneKkTUBHLIMW HANPABMEHUSMW JarnbHENLLEro pa3BUTHASE MO-
Jenen ConpoTUBMEHMUS NIOKANbHLIM Harpy3kam sIBNSOTCS:

e UCCMELOBaHUS YCTOMYMBOCTU CTEHKM Bamku ¢ y4eToM Xxapakiepa
pacnpefeneHns yeunuia no AfuHe OTceka M WX B3aMMOAEWCTBUS B
npegenax OTCeka B CBS3W C TEM, YTO COMMAacHO( CYLLECTBYLWINM
HOpMaMm CIIOXXHOE HanpsKeHHO-AeOPMMPYEMOE’ COCTOSHIE B npe-
Jenax paccmMaTpyBaeMOoro 0Tceka CTEHKM B MeCTax NpUaoKeHus 1o-
KamnbHbIX Harpy3oK 3aMeHsIeTCs KOMOWHALMEN, HanpsKeHnin oT un-
CTOro n3rnba, YICTOro CABMra M NoKamnbHON Harpy3Ky;

e VCCMenoBaHUS  HanpsikeHHO-AedopMypyemoe, CocTosHus  Banok
nocrne MoTEPW YCTOMYMBOCTU CTEHKMRC YYETOM pasHbiX YPOBHEW
HarpyxeHusi. TockonbKy COCTOSHUE NOTEPM, YCTOMYMBOCTY HE 03HA-
YaeT eLLe MONHOro UcYepnaHmus HECyLlel CocoBHOCTH Beeil Ganky.
CnocobHOCTb MNacTUHKM BOCAPUHUMATL-BOMNOMHUTENBHYIO HArpy3ky
nocne Gudypkaummu opm’ paBHOBECHS XapaKTEpPU3YETCs 3aKkpuTH-
yeckoil ctagveit ee pabotbl. CrenyeT yuuTbiBaTh, YTO U3MEHEHWE
CXxeMbl paboThl CONPOBOXAAETES BU3yanbHLIM UCKAKEHUEM KOH-
CTPYKLMM, @ HepeaKo W 3BYKOBbIM 3chchekToM. OfHaKo M3MeEHeHMe
CcTafui paboTbl OTCEKA CTEHK M ero NoBeeHNe Ha PasHbiX YPOBHSIX
Harpy3oK, B YaGTHOCTM 515 MPOBEPOK SKCMIyaTaLMOHHOM NPUroaHO-
CTU, HE OTPAKEHO B HOPMATUBHbIX JOKYMEHTaX.

4. AKTMBHOE pa3BMTIE KOMMBIOTEPHBIX TEXHOMOMIA NPUBENO K pas-
paboTKe MOLLHbIX BbIYUCIIMTENBHBIX KOMMMEKCOB Ha ocHoBe MKO ans
MOAENNPOBaHMs paboThl CTanbHbIX KOHCTPYKUMA. CyliecTByioT paboThl
o MOAENMUPOBAHMIO CTarbHbIX KOHCTPYKLMA, B KOTOPbIX aBTOpLI [06M-
NUCb AOCTATOYHON [J151 MHXEHEPHON NpaKTUKW COBMafEHUs TEOpETUYe-
CKMX 1 SKCMEPUMEHTaMbHBIX pe3ynbTatoB. OfHaKo cpeau cneuuanicToB
HET YEeTKMX PEKOMeHZaLMii No NPUMEHEHUI0 METOLOB OCHOBAHHbIX Ha
KOMMbIOTEPHOM MOZENMPOBaHUW 1 MHTEPNPETALMM NONMYYEHHbBIX PE3YIib-
TATOB, OCTAETCS OTKPLITLIM BONPOC MHTEPMPETALMN U OLEHKM pesynbTa-
TOB pacyeTa W, Camoe [MaBHOe, He OnpefeneHbl YacTHble K03 duLmeH-
Thl, MCNOMb3yeMble B MPOBepKax MpefenbHbIX COCTOsHWIA. Bee xe, no-
noxwTenbHas TeHgeHuns passuTis KO MeTooB pacyeTta KOHCTPYKLMAM
OCTaBNSET Hafexay, 4To B CKOPOM BpemeHn OydeT yaeneHo [OMmKHOe
BHUMaHWe pa3suTuio KO MeTogoB pacyeTa v paspaboTke HOPMaTUBHOTO

LOKYMEHTa pernameHTUPYIOLLEro npoLeaypy KOMMbIOTEPHOTO Mopemnu-
POBaHMsi CTabHbIX 3/IEMEHTOB.
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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 tospeople 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, itis.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,sLs =VRrdsLs: (1)

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

VRdisLs is@ 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 ofilocal buckling of
web and knows that it is acceptablé 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 kTOE
Where Oy gq.ser @Nd Ty gd ger 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- ®)

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

c) Avoiding element stiffness decrease. This verification is rele-
vant inicases 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'hecessary 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 + VbtRd: 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,
S AT 7
Q= ) 1) )
Wk = k QK. (@)

Here the parameter X denotes the ratio of variable actions
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