Abstract

The critical temperature is a key parameter in structural fire design. At this temperature,
a structural element can no longer resist the applied loads. However, it says nothing about
deflections of the element. This makes it difficult to establish critical temperatures for
steel columns where deflections will cause additional moments from second-order effects
and instabilities can occur. Different National Annexes to Eurocode 3 specifies different
default values for the critical temperature depending on relative slenderness and
utilization factors. To clarify applicability of the values provided in the Standards and
study the influence of other parameters on the critical temperature of steel columns,
finite-element numerical calculations were used in the current study. Finite-elements
models in the Abaqus software included both geometrical and material non-linearities.
The models considered different relative slenderness and utilization factors, different
cross-section shapes, influence of deviations and installation tolerances and other
parameters. The numerical models were validated using test results from literature. The
accuracy of the models was assessed to be within +/-10%. The finite-element calculations
were made for columns with the HEA 100 cross-section. Relative slenderness of 0.4, 1.0,
1.6 and utilization factors of 0.7, 0.5 and 0.2 were used, and buckling about both the weak
and strong axes were considered. The calculations were done for nominal cross-section
dimensions and assuming maximum deviations. The effects of steel strength variations
and non-uniform temperature distributions were also studied. When nominal dimensions
of the cross-section were used, the calculated critical temperatures were almost the same
as the default values in the UK National Annex to Eurocode 3. However, when maximum
deviations were assumed, the critical temperatures in the Standard were considerable
overestimated. The influence of steel strength variations and non-uniform temperature
distributions was found to be insignificant. Thus, it was recommended to take into
account the maximum manufacturing and installation deviations for structural fire

design.



AHHoTaL s

Kputuueckasa TemmepaTrypa [BJSAETCA OJHUM M3 CaMbIX Ba)XKHbIX [apaMeTpOB IpHU
NPOEKTUPOBAHUM OTHECTOUKOCTU CTPOUTEbHBIX KOHCTPYKUUU. [lo onpenesnenue sTo
TeMIlepaTypa, NPU KOTOPOM KOHCTPYKLHUS He MOKeT BOCIPUHHUMATbh paCyYeTHYIO
Harpysky. [I[py 3ToM nporu6bl 3jieMEHTA HE OTPAHUYMBAIOTCA. JTO NPUBOAUT K TOMY,
YTO KPUTHUYECKYI0 TeMIepaTypy [MJs CKaTbIX KOJIOHH CJIO)KHO OLE€HHUTb H3-3a
JIOTIOJTHUTEJIbHBIX YCUJIMK, BO3HUKAKOLUX MW3-3a YBEJWYEHHUS IKCLUEHTPUCUTETA
Harpysku. HauuoHanbHble npunoxxeHuss K EBpokozy 3 ycTaHaB/JMBAaWOT pas/idYHbIe
3Ha4eHU KPUTHUYECKOU TeMIlepaTyphl AJis KOJOHH B 3aBUCUMOCTH OT OTHOCUTEJIbHOU
rubKoCTY M Ko3pdullMeHTa UCNoJb30BaHus. [laHHOe uccief0BaHUe U3ydaeT NpejeJibl
NPUMEHUMOCTH 3HAUYeHUH, NprUBeZéHHble B EBpokoJe 3, ¥ BIMsHUE [JpYyrUX paKTOpPOB
Ha KPUTHYECKYIO TEMIIEPATypy C MOMOIbI0 pacyeTOB METOA0M KOHEUYHBIX 3JIEMEHTOB.
PacyeTbl ObLIM BBINOJHEHBI B MPOrPaMMHOM KOMILJIEKce AGaKyCc C y4eToM
reoMeTpuyeckoil u ¢uU3nUecKod HesnHelHocTell. KoHe4YHO-3/ileMeHTHble MOJEU
paccMaTpuBalid  BJMSHUE PA3JIMYHBIX 3HAYEHUHW OTHOCUTEJNbHOU T'HOKOCTH,
ko3¢ duLKeHTa HUCNOIb30BaHUS, BIAUSHUE (POPMBbI MOMNEPEYHOr0 CeuyeHHUs KOJIOHH,
BJIUSIHUSA OTKJIOHEHUW MPU M3TOTOBJIEHMHU U MOHTA)Ke KOJIOHH U JIpyrue napameTphl.
ToyHOCTh MoOJle/siell Oblla MpOBepeHa MyTeM CpPaBHEHUs pPe3yJbTAaTOB PACUYETOB C
pe3yJbTaTaMHd 3KCIIEPUMEHTOB KOJIOHH Ha OTHECTOMKOCTb, HaWJeHHbIMU B
TEXHUYECKON JiuTepaType. TOYHOCTb oOIlpeJie/leHHs] KPUTUYECKOW TeMIlepaTyphl
coctaBusa 10%. OcHOBHbIe pacyeThl ObLIIM BbINOJIHEHBI [Jis KOJIOHH C MOIMepeYHbIM
cedenrueM HEA 100 eBpomneulcKoro coprameHTa. bblId pacCMOTpeHbl TPU 3HAYEHUS
oTHocuTesibHOU ru6kocTH (0,4;1,0;1,6) u Tpu 3HaYeHHUSI KOIDPUIIMEHTA UCITOJIb30BaAHUS
(0,7;0,5;0,2). Pe3ysibTaThl pacyeTOB IOKa3ad, 4To dopMa ceyeHUs] MPaAKTUUYECKH He
BJIMSIET HA KPUTUYECKYI0 TeMIepaTypy. BivsiHMe M3MeHUMBOCTU 3HAYEHUU NPOYHOCTHU
CTaJIu U BJIIMSIHME HEPABHOMEPHOTO pacnpe/ie/ieHUusi TeMIePaTyphl MO JAJUHE KOJOHHBI
Takke HebGoJbiloe. [Ipy 3TOM BJMsSHUE OTKJIOHEHUH M Ha4yaJbHbIX HECOBEPILEHCTB
SBJIIETCS 3HAYUTEJbHBbIM. be3 ydyeTa JaHHBIX OTKJIOHEHUW 3HAa4YeHHUS KPUTHUYECKOUN
TeMIepaTypbl OJIU3KKW K 3HAYeHUs] NPUBEJEHHbIM B BpUTAaHCKOM HalMOHAJIbHOM
npuyioxkeHnuu K EBpokoay 3. Ilpu ydeTe OTK/JIOHEHHMM KpUTHYeECKass TeMIepaTypa
OKasaJlacb ropaszio HuKe. PekoMeHAyeTcsl yYUThIBaTh BCE BO3MOXKHbI€ OTKJIOHEHUS B

pa3Mepax npu pacdeTax KOHCTPYKTI/IBHOI‘/JI OTHECTOMKH KOJIOHH.
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