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Using the Manual
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Introduction1

Add-on Module RF-/STEEL EC31.1

TheϕEuropeanϕstandardϕEurocodeϕ3 [1] describesϕtheϕdesign,ϕanalysisϕandϕconstructionϕofϕsteel
structuresϕinϕtheϕmemberϕstatesϕofϕtheϕEuropeanϕUnion. Withϕtheϕadd-onϕmodulesϕRF-STEELϕEC3 (for
RFEM) andϕSTEELϕEC3 (for RSTAB), DlubalϕSoftwareϕprovidesϕpowerfulϕtoolsϕforϕdesigningϕsteel
structures. Country-specificϕregulationsϕareϕtakenϕintoϕaccountϕbyϕdifferentϕNationalϕAnnexes (NA). In
additionϕtoϕtheϕparametersϕincludedϕinϕtheϕprogram,ϕyouϕcanϕdefineϕyourϕownϕlimitϕvaluesϕorϕcreate
newϕNationalϕAnnexes.

Inϕtheϕfollowing,ϕtheϕadd-onϕmodulesϕofϕbothϕmainϕprogramsϕareϕdescribedϕinϕoneϕmanualϕandϕare
referredϕtoϕas RF-/STEEL EC3.

RF-/STEELϕEC3ϕperformsϕallϕtypicalϕultimateϕlimitϕstateϕdesignsϕasϕwellϕasϕstabilityϕandϕdeformation
analyses. Inϕtheϕultimateϕlimitϕstateϕdesign,ϕtheϕadd-onϕmoduleϕconsidersϕtheϕeffectϕofϕvariousϕloadings. It
isϕpossibleϕtoϕchooseϕamongϕtheϕinteractionϕformulasϕgivenϕinϕtheϕstandard. Anϕessentialϕpartϕofϕthe
verificationϕaccordingϕtoϕEurocodeϕ3ϕisϕtheϕclassificationϕofϕtheϕcross-sectionsϕtoϕbeϕdesignedϕintoϕthe
classesϕ1ϕtoϕ4. Thisϕway,ϕtheϕlimitationϕofϕtheϕcapacityϕtoϕwithstandϕstressesϕasϕwellϕasϕtheϕrotational
capacityϕdueϕtoϕlocalϕbucklingϕofϕcross-sectionϕpartsϕisϕchecked. RF-/STEELϕEC3ϕdeterminesϕthe
c/t-ratiosϕofϕtheϕcross-sectionϕpartsϕsubjectedϕtoϕcompressionϕandϕcarriesϕoutϕtheϕclassification
automatically.

Inϕtheϕstabilityϕanalyses,ϕyouϕcanϕspecifyϕseparatelyϕforϕeachϕmemberϕorϕsetϕofϕmembersϕwhether
flexuralϕbucklingϕinϕy-ϕand/orϕz-directionϕisϕpossible. Youϕcanϕalsoϕdefineϕadditionalϕlateralϕrestraintsϕin
orderϕtoϕrepresentϕtheϕmodelϕcloseϕtoϕreality. Inϕaddition,ϕtheϕstabilizingϕeffectϕofϕpurlinsϕandϕsheetsϕcan
beϕtakenϕintoϕaccountϕbyϕrotationalϕrestraintsϕandϕshearϕpanels. Basedϕonϕtheϕboundaryϕconditions,
RF-/STEELϕEC3ϕdeterminesϕtheϕslendernessϕratiosϕandϕelasticϕcriticalϕbucklingϕloads. Theϕelasticϕcritical
momentϕforϕlateral-torsionalϕbucklingϕrequiredϕforϕtheϕlateral-torsionalϕbucklingϕanalysisϕcanϕbe
determinedϕautomaticallyϕorϕspecifiedϕmanually. Theϕprogramϕtakesϕintoϕaccountϕtheϕloadϕapplication
pointϕofϕtransverseϕloads,ϕwhichϕhasϕaϕdecisiveϕeffectϕonϕtheϕtorsionalϕresistance.

RF-/STEELϕEC3ϕperformsϕtheϕfireϕresistanceϕdesignϕaccordingϕtoϕENϕ1993-1-2 [2] . Theϕdesignϕis
carriedϕoutϕonϕtheϕbearingϕcapacityϕlevelϕaccordingϕtoϕtheϕsimplifiedϕcalculationϕmethod. The
precautionsϕagainstϕfireϕcanϕbeϕselectedϕinϕtheϕformϕofϕencasementsϕwithϕdifferentϕphysicalϕproperties.

Theϕserviceabilityϕlimitϕstateϕrepresentsϕanϕimportantϕdesignϕforϕstructuresϕwithϕslenderϕcross-sections.
Loadϕcases,ϕloadϕcombinationsϕandϕresultϕcombinationsϕcanϕbeϕassignedϕtoϕdifferentϕdesignϕsituations.
TheϕlimitϕdeformationsϕareϕpresetϕbyϕtheϕNationalϕAnnexesϕandϕcanϕbeϕadjusted,ϕifϕnecessary. In
addition,ϕitϕisϕpossibleϕtoϕspecifyϕreferenceϕlengthsϕandϕprecambersϕthatϕareϕconsideredϕaccordinglyϕin
theϕdesign.

RF-/STEELϕEC3ϕalsoϕallowsϕyouϕtoϕdesignϕstructuralϕcomponentsϕmadeϕofϕstainlessϕsteelϕaccordingϕto
ENϕ1993-1-4 [4] .

Ifϕyouϕhaveϕaϕlicenseϕforϕthe "RF-/STEEL Cold-Formed Sections" moduleϕextension,ϕtheϕdesignϕof
cold-formedϕcomponentsϕaccordingϕtoϕENϕ1993-1-3ϕisϕalsoϕpossible.

Theϕadd-onϕmoduleϕprovidesϕanϕautomaticϕcross-sectionϕoptimizationϕwithϕtheϕpossibilityϕtoϕexport
modifiedϕcross-sectionsϕtoϕRFEMϕorϕRSTAB. Separateϕdesignϕcasesϕallowϕforϕtheϕflexibilityϕtoϕanalyze
individualϕstructuralϕcomponentsϕinϕcomplexϕstructures.

Likeϕotherϕadd-onϕmodules,ϕRF-/STEELϕEC3ϕisϕcompletelyϕintegratedϕinϕtheϕRFEMϕorϕRSTABϕprogram.
Thus,ϕtheϕdesign-relevantϕinputϕdataϕisϕpresetϕwhenϕyouϕhaveϕstartedϕtheϕadd-onϕmodule. Afterϕthe
design,ϕyouϕcanϕuseϕtheϕgraphicalϕuserϕinterfaceϕofϕtheϕmainϕprogramϕtoϕevaluateϕtheϕresults. Asϕthey
areϕalsoϕincludedϕinϕtheϕglobalϕprintoutϕreport,ϕtheϕentireϕverificationϕcanϕbeϕpresentedϕinϕaϕconsistent
andϕappealingϕform.
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ThisϕmanualϕalsoϕdescribesϕtheϕfollowingϕtwoϕmoduleϕextensionsϕforϕRF-/STEELϕEC3:

RF-/STEEL Warping Torsion

RF-/STEEL Plasticity

RF-/STEEL Cold-Formed Sections

WeϕwishϕyouϕaϕpleasantϕandϕsuccessfulϕworkingϕwithϕRF-/STEELϕEC3.

YourϕDlubalϕSoftwareϕteam

Using the Manual1.2

Topicsϕlikeϕinstallation,ϕgraphicalϕuserϕinterface,ϕresultsϕevaluation,ϕandϕprintoutϕareϕdescribedϕinϕdetail
inϕtheϕmanualsϕofϕtheϕmainϕprogramsϕRFEMϕandϕRSTAB. Theϕpresentϕmanualϕfocusesϕonϕtypicalϕfeatures
ofϕtheϕRF-/STEELϕEC3ϕadd-onϕmodule.

Theϕdescriptionsϕinϕthisϕmanualϕfollowϕtheϕsequenceϕandϕstructureϕofϕtheϕmodule'sϕinputϕandϕresult
windows. Theϕtextϕofϕtheϕmanualϕshowsϕtheϕdescribed buttons inϕsquareϕbrackets,ϕforϕexample [View
Mode]. Atϕtheϕsameϕtime,ϕtheyϕareϕpicturedϕonϕtheϕleft. Expressionsϕappearingϕinϕdialogϕboxes,
windows,ϕandϕmenusϕareϕsetϕin italics toϕclarifyϕtheϕexplanation.

InϕtheϕPDFϕmanual,ϕyouϕcanϕperformϕaϕfull-textϕsearchϕasϕusualϕwith [Ctrl]+[F]. However,ϕifϕyouϕcannot
findϕwhatϕyouϕareϕlookingϕfor,ϕyouϕcanϕalsoϕgoϕtoϕthe Knowledge Base onϕourϕwebsiteϕtoϕfind
relatedϕarticlesϕaboutϕtheϕsteelϕadd-onϕmodules. Youϕcanϕalsoϕconsultϕthe FAQs onϕourϕwebsite.

Opening RF-/STEEL EC3 Add-on Module1.3

RFEMϕandϕRSTABϕprovideϕtheϕfollowingϕoptionsϕtoϕopenϕtheϕRF-/STEELϕEC3ϕadd-onϕmodule.

Menu

ToϕstartϕtheϕprogramϕonϕtheϕRFEMϕorϕRSTABϕmenuϕbar,ϕselect

Add-on Modules Design - Steel RF-/STEEL EC3.

Figure 1.1 Menu Add-on Modules Design - Steel RF-STEEL EC3

1 Introduction
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Navigator

ToϕstartϕRF-/STEELϕEC3ϕinϕthe Data navigator,ϕselect

Add-on Modules RF-/STEEL EC3.

Figure 1.2 Dataϕnavigator: Add-on Modules RF-STEEL EC3

Panel

IfϕanyϕresultsϕfromϕRF-/STEELϕEC3ϕareϕalreadyϕavailableϕinϕtheϕmodel,ϕyouϕcanϕopenϕtheϕdesignϕmodule
inϕtheϕpanel:

Setϕtheϕrelevantϕdesignϕcaseϕinϕtheϕloadϕcaseϕlistϕofϕtheϕmenuϕbar. Clickϕthe [Show Results] buttonϕto
displayϕtheϕdesignϕcriterionϕgraphicallyϕonϕtheϕmembers.

Whenϕtheϕresultsϕdisplayϕisϕactivated,ϕtheϕpanelϕappearsϕshowingϕthe [RF-/STEEL EC3] buttonϕwhich
youϕcanϕuseϕtoϕopenϕtheϕadd-onϕmodule.

Figure 1.3 Panelϕwithϕ[RF-STEELϕEC3]ϕbutton

1 Introduction
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Input Data2

Whenϕyouϕhaveϕstartedϕtheϕadd-onϕmodule,ϕaϕnewϕwindowϕappears. Inϕthisϕwindow,ϕaϕnavigatorϕis
displayedϕonϕtheϕleft,ϕmanagingϕtheϕavailableϕmoduleϕwindows. Theϕdrop-downϕlistϕaboveϕthe
navigatorϕcontainsϕtheϕdesignϕcases (see Chapter 7.1 ).

Theϕdesign-relevantϕdataϕmustϕbeϕdefinedϕinϕseveralϕinputϕwindows. Theϕfollowingϕparametersϕare
importedϕautomaticallyϕwhenϕyouϕopenϕRF-/STEELϕEC3ϕforϕtheϕfirstϕtime:

Membersϕandϕsetsϕofϕmembers

Loadϕcases,ϕloadϕcombinations,ϕandϕresultϕcombinations

Materials

Cross-sections

Bucklingϕlengths

Internalϕforces (in background,ϕif calculated)

Toϕselectϕaϕwindow,ϕclickϕtheϕcorrespondingϕentryϕinϕtheϕnavigator. Toϕgoϕtoϕtheϕpreviousϕorϕsubsequent
moduleϕwindow,ϕuseϕtheϕbuttonsϕshownϕonϕtheϕleft. Youϕcanϕalsoϕuseϕtheϕfunctionϕkeysϕtoϕselectϕtheϕnext
[F2] orϕprevious [F3] window.

Toϕsaveϕtheϕenteredϕdata,ϕclick [OK]. Thus,ϕyouϕexitϕRF-/STEELϕEC3ϕandϕreturnϕtoϕtheϕmainϕprogram.
Click [Cancel] toϕexitϕtheϕadd-onϕmoduleϕwithoutϕsavingϕtheϕnewϕdata.

General Data2.1

InϕWindow 1.1 General Data, youϕselectϕtheϕmembers,ϕsetsϕofϕmembers,ϕandϕactionsϕthatϕyouϕwantϕto
design. Theϕthreeϕtabsϕmanageϕtheϕloadϕcases,ϕloadϕcombinations,ϕandϕresultϕcombinationsϕforϕthe
ultimateϕlimitϕstate,ϕtheϕserviceabilityϕlimitϕstate,ϕandϕtheϕfireϕprotectionϕdesign.

Figure 2.1 Window 1.1 General Data

2 Input Data
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Design of

Figure 2.2 Designϕofϕmembersϕandϕsetsϕofϕmembers

Youϕcanϕdesign Members asϕwellϕas Sets ofϕmembers. Ifϕyouϕwantϕtoϕdesignϕonlyϕselectedϕobjects,
clearϕthe All checkϕbox: Then,ϕyouϕcanϕaccessϕtheϕtextϕboxesϕtoϕenterϕtheϕnumbersϕofϕtheϕrelevant
membersϕorϕsetsϕofϕmembers. Useϕthe [Delete] buttonϕtoϕclearϕtheϕlistϕofϕpresetϕnumbers. Useϕthe [Select]
buttonϕtoϕdefineϕobjectsϕgraphicallyϕinϕtheϕRFEMϕorϕRSTABϕworkϕwindow.

Whenϕyouϕdesignϕaϕsetϕofϕmembers,ϕtheϕprogramϕdeterminesϕtheϕextremeϕvaluesϕofϕtheϕdesignsϕofϕall
membersϕcontainedϕinϕthisϕsetϕofϕmembersϕandϕtakesϕintoϕaccountϕtheϕboundaryϕconditionsϕdueϕto
connectedϕmembersϕforϕstabilityϕanalyses. TheϕresultsϕareϕshownϕinϕtheϕresultsϕWindows 2.3 Design by
Set of Members, 3.2 Governing Internal Forces by Set of Members, and 4.2 Parts List by Set of
Members.

Toϕdefineϕaϕnewϕsetϕofϕmembers,ϕclickϕthe [New] button. TheϕdialogϕboxϕknownϕfromϕRFEMϕorϕRSTAB
appearsϕwhereϕyouϕcanϕenterϕtheϕparametersϕforϕtheϕsetϕofϕmembers.

National Annex (NA)

Figure 2.3 NationalϕAnnex

Inϕtheϕdrop-downϕlistϕinϕtheϕupper-rightϕcornerϕofϕtheϕwindow,ϕyouϕcanϕselectϕtheϕNationalϕAnnexϕwhose
parametersϕapplyϕtoϕtheϕdesignϕandϕtoϕtheϕdeformation'sϕlimitϕvaluesϕ.

Useϕthe [Edit] buttonϕtoϕopenϕaϕdialogϕboxϕwhereϕyouϕcanϕcheckϕand,ϕifϕnecessary,ϕadjustϕthe
parametersϕofϕtheϕcurrentϕNA. Theϕdialogϕboxϕisϕdescribedϕin Chapter 2.1.4 .

Comment

Figure 2.4 User-definedϕcomment

Inϕthisϕtextϕbox,ϕyouϕcanϕenterϕuser-definedϕnotesϕdescribing,ϕforϕexample,ϕtheϕcurrentϕdesignϕcase.

2 Input Data
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Ultimate Limit State2.1.1

Figure 2.5 Window 1.1 General Data, tab Ultimate Limit State

Existing Load Cases and Combinations

Thisϕcolumnϕlistsϕallϕloadϕcases,ϕloadϕcombinations,ϕandϕresultϕcombinationsϕthatϕhaveϕbeenϕcreatedϕin
RFEMϕorϕRSTAB.

Toϕtransferϕselectedϕentriesϕtoϕthe Selected for Design listϕonϕtheϕright,ϕclickϕthe button. Alternatively,
youϕcanϕdouble-clickϕtheϕentries. Toϕtransferϕtheϕentireϕlistϕtoϕtheϕright,ϕuseϕthe button.

AsϕcommonϕforϕWindowsϕapplications,ϕselectingϕseveralϕloadϕcasesϕisϕpossibleϕbyϕclickingϕthemϕoneϕby
oneϕwhileϕholdingϕdownϕthe [Ctrl] key. Thus,ϕyouϕcanϕtransferϕseveralϕloadϕcasesϕatϕtheϕsameϕtime.

Ifϕaϕloadϕcase'sϕnumberϕisϕmarkedϕinϕredϕsuchϕasϕLC8ϕin Figure 2.5 , youϕcannotϕdesignϕit: Itϕindicates
aϕloadϕcaseϕwithoutϕloadϕdata,ϕorϕaϕloadϕcaseϕthatϕcontainsϕimperfections. Aϕwarningϕappearsϕifϕyou
tryϕtoϕtransferϕit.

Belowϕtheϕlist,ϕseveralϕfilterϕoptionsϕareϕavailable. Theyϕhelpϕyouϕassignϕtheϕentriesϕsortedϕbyϕloadϕcase,
loadϕcombination,ϕorϕactionϕcategory. Theϕbuttonsϕhaveϕtheϕfollowingϕfunctions:

Selectsϕallϕloadϕcasesϕinϕtheϕlist.

Invertsϕselectionϕofϕloadϕcases.

Table 2.1 Buttonsϕin Ultimate Limit State tab

Selected for Design

Theϕcolumnϕonϕtheϕrightϕlistsϕtheϕloadϕcasesϕasϕwellϕasϕloadϕandϕresultϕcombinationsϕthatϕhaveϕbeen
selectedϕforϕtheϕdesign. Toϕremoveϕselectedϕitemsϕfromϕtheϕlist,ϕclick or double-clickϕtheϕentries. To
emptyϕtheϕentireϕlist,ϕclick .

Youϕcanϕassignϕtheϕloadϕcases,ϕloadϕandϕresultϕcombinationsϕtoϕtheϕfollowingϕdesignϕsituations:

Persistent and Transient

Accidental

2 Input Data

9



RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Thisϕclassificationϕcontrolsϕtheϕpartialϕfactors γM0, γM1 and γM2 thatϕareϕincludedϕinϕtheϕdeterminationϕof
theϕresistances Rd forϕtheϕcross-sectionϕandϕstabilityϕanalyses (see Figureϕ2.10 ).

Toϕchangeϕtheϕdesignϕsituation,ϕuseϕtheϕlistϕwhichϕyouϕcanϕaccessϕbyϕclickingϕthe buttonϕatϕtheϕendϕof
theϕtextϕbox.

Figure 2.6 Assigningϕtheϕdesignϕsituation

Forϕaϕmultipleϕselection,ϕpressϕthe [Ctrl] keyϕandϕclickϕtheϕcorrespondingϕentries.ϕThus,ϕyouϕcanϕchange
severalϕentriesϕatϕonce.

Resultϕcombination

Designingϕanϕenvelopingϕmax/minϕresultϕcombination (RC) isϕperformedϕfasterϕthanϕdesigningϕall
containedϕloadϕcasesϕandϕloadϕcombinations,ϕbutϕtheϕanalysisϕofϕaϕresultϕcombinationϕhasϕalso
disadvantages:ϕFirst,ϕtheϕinfluenceϕofϕtheϕcontainedϕactionsϕisϕdifficultϕtoϕdiscern. Second,ϕforϕthe
determinationϕofϕtheϕelasticϕcriticalϕmoment Mcr forϕlateral-torsionalϕbuckling,ϕtheϕenvelopeϕofϕthe
momentϕdistributionsϕisϕanalyzed,ϕfromϕwhichϕtheϕmostϕunfavorableϕdistribution (max or min) isϕtaken.
Thisϕdistribution,ϕhowever,ϕonlyϕrarelyϕreflectsϕtheϕmomentϕdistributionϕthatϕisϕavailableϕinϕtheϕindividual
loadϕcombinations. Thus,ϕforϕanϕRCϕdesign,ϕmoreϕunfavorableϕvaluesϕfor Mcr areϕexpected,ϕleadingϕto
higherϕratios.

Resultϕcombinationsϕshouldϕbeϕselectedϕforϕdesignϕonlyϕinϕcaseϕofϕdynamicϕcombinations. For "usual"
combinations,ϕitϕisϕrecommendedϕtoϕuseϕloadϕcombinationsϕbecauseϕhereϕtheϕactualϕmoment
distributionsϕareϕappliedϕforϕtheϕdeterminationϕof Mcr.

Inϕthe General tabϕofϕthe Details dialogϕbox,ϕyouϕcanϕdefineϕhowϕresultϕcombinationsϕofϕtheϕ'OR'ϕtype
areϕhandledϕinϕtheϕdesign (see Chapter 3.1.8 ).

2 Input Data
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Serviceability Limit State2.1.2

Figure 2.7 Window 1.1 General Data, tab Serviceability Limit State

Existing Load Cases and Combinations

ThisϕcolumnϕlistsϕallϕloadϕcasesϕandϕcombinationsϕthatϕhaveϕbeenϕcreatedϕinϕRFEMϕorϕRSTAB.

Selected for Design

Youϕcanϕaddϕorϕremoveϕloadϕcasesϕasϕwellϕasϕloadϕandϕresultϕcombinationsϕasϕdescribedϕin Chapter
2.1.1 .

Itϕisϕpossibleϕtoϕassignϕdifferentϕlimitϕvaluesϕforϕdeflectionϕtoϕtheϕloadϕcases,ϕloadϕandϕresult
combinations. Theϕfollowingϕdesignϕsituationsϕcanϕbeϕselected:

Characteristic

Frequent

Quasi-permanent

Toϕchangeϕtheϕdesignϕsituation,ϕuseϕtheϕlistϕwhichϕyouϕcanϕaccessϕbyϕclickingϕthe button atϕtheϕendϕof
theϕtextϕbox (see Figure 2.7 ).

TheϕlimitϕvaluesϕofϕtheϕdeformationsϕareϕdefinedϕinϕtheϕNationalϕAnnex. Theyϕcanϕbeϕadjustedϕforϕthe
designϕsituationsϕinϕthe National Annex Settings dialogϕbox (see Figure 2.10 ) thatϕyouϕopenϕwithϕthe
[Nat. Annex] button.

InϕWindow 1.9 Serviceability Data, theϕreferenceϕlengthsϕapplyingϕtoϕtheϕdeformationϕanalysisϕare
managed (see Chapter 2.9 ).

2 Input Data
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Fire Resistance2.1.3

Figure 2.8 Window 1.1 General Data, tab Fire Resistance

Existing Load Cases and Combinations

ThisϕcolumnϕlistsϕallϕloadϕcasesϕandϕcombinationsϕthatϕhaveϕbeenϕcreatedϕinϕRFEMϕorϕRSTAB.

Selected for Design

Youϕcanϕaddϕorϕremoveϕloadϕcasesϕasϕwellϕasϕloadϕandϕresultϕcombinations,ϕasϕdescribedϕin Chapter
2.1.1 . Here,ϕyouϕshouldϕselectϕtheϕactionsϕthatϕhaveϕbeenϕdeterminedϕaccordingϕtoϕENϕ1991-1-2
[2] .

Fireϕprotectionϕdesignsϕareϕalsoϕpossibleϕforϕcombinedϕcross-sections.

2 Input Data
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National Annex (NA)2.1.4

InϕtheϕlistϕinϕtheϕupperϕrightϕcornerϕofϕWindow 1.1 General Data, youϕcanϕselectϕtheϕNationalϕAnnex
whoseϕparametersϕyouϕwantϕtoϕapplyϕtoϕtheϕdesignϕandϕtheϕlimitϕvaluesϕofϕtheϕdeformation.

Figure 2.9 SelectingϕtheϕNationalϕAnnex

Ifϕnecessary,ϕtoϕcheckϕandϕadjustϕtheϕpresetϕparameters (see Figure 2.10 ), clickϕthe button. Use
the buttonϕtoϕcreateϕaϕuser-definedϕannex.

Moreover,ϕinϕeveryϕinputϕwindowϕyouϕfindϕthe [Nat. Annex] button whichϕyouϕalsoϕcanϕuseϕtoϕopenϕthe
National Annex Settings dialogϕbox thatϕconsistsϕofϕthreeϕtabs.

Base

Figure 2.10 Dialogϕbox National Annex Settings - CEN, tab Base

2 Input Data
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Inϕtheϕindividualϕsectionsϕofϕthisϕtab,ϕyouϕcanϕcheckϕandϕadjust,ϕifϕnecessary,ϕthe Partial Factors, the
Serviceability Limits (Deflections), andϕthe Parameters for Lateral-Torsional Buckling.

Inϕthe General Method Acc. to 6.3.4 section,ϕyouϕcanϕspecifyϕifϕtheϕstabilityϕanalysesϕareϕalways
performedϕaccordingϕto [1] clauseϕ6.3.4. AccordingϕtoϕtheϕGermanϕNationalϕAnnex,ϕtheϕgeneral
methodϕisϕonlyϕallowedϕforϕI-shapedϕcross-sections. Theϕoption Enable also for non I-sections allowsϕyou
toϕuseϕtheϕmethodϕforϕotherϕcross-sections,ϕtoo.

Inϕaddition,ϕyouϕcanϕperformϕaϕstabilityϕanalysisϕusingϕthe European lateral-torsional buckling curve by
Naumes [6] . Inϕhisϕdissertation [7] , Naumesϕexpandedϕthe "General MethodϕforϕBucklingϕand
LateralϕTorsionalϕBucklingϕDesignsϕofϕStructural Components" accordingϕto [1] clauseϕ6.3.4ϕfor
additionalϕtransverseϕbendingϕandϕtorsion. The adapted method isϕalsoϕavailableϕforϕdesigning
unsymmetricalϕcross-sectionsϕasϕwellϕasϕtaperedϕmembersϕandϕsetsϕofϕmembersϕwithϕbiaxialϕbending
(torsion isϕcurrentlyϕnotϕconsideredϕinϕRF-/STEEL EC3).

Accordingϕto [1] clauseϕ6.3.4 (4), theϕreductionϕfactor χop isϕtoϕbeϕcalculatedϕeither

(a) asϕtheϕminimumϕvalueϕofϕtheϕvaluesϕforϕbucklingϕaccordingϕtoϕ6.3.1,ϕor χLT forϕlateral-torsional
bucklingϕaccordingϕtoϕ6.3.2ϕusingϕtheϕslendernessϕratio λop, or

(b) asϕaϕvalueϕthatϕisϕinterpolatedϕbetween χ and χLT – seeϕalso [1] equation (6.66).

AsϕtheϕmethodϕbyϕNaumesϕisϕbasedϕonϕtheϕstandardizedϕEuropeanϕlateral-torsionalϕbucklingϕcurve
takingϕintoϕaccountϕtheϕmodifiedϕimperfectionϕfactor α*, theϕinteractionϕbetweenϕflexuralϕbucklingϕand
lateral-torsionalϕbucklingϕaccordingϕto [1] equation (6.66) canϕbeϕomitted.

Figure 2.11 CalculationϕrunϕforϕmethodϕbyϕNaumes

Inϕtheϕfirstϕstep,ϕtheϕcalculationϕisϕcarriedϕoutϕseparatelyϕforϕtheϕmainϕandϕsecondaryϕload-bearing
plane. Simultaneously,ϕtheϕmomentϕfactor qMz isϕdeterminedϕaccordingϕto Figure 2.12 .

Inϕtheϕsecondϕstep,ϕtheϕdesignϕcriterion ΔnR isϕdetermined.

Finally,ϕtheϕdesignϕisϕperformedϕbyϕsummingϕupϕtheϕdesignϕratiosϕofϕtheϕmainϕandϕsecondaryϕload-
bearingϕplaneϕandϕcomparingϕthemϕtoϕtheϕdesignϕcriterion ΔnR.
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Figure 2.12 Determinationϕofϕmomentϕfactor qMz

Theϕbuttonsϕinϕthe National Annex Settings dialogϕboxϕhaveϕtheϕfollowingϕfunctions:

Button Function

Resetsϕtheϕprogram'sϕpresettings

Importsϕuser-definedϕdefaultϕsettings

Savesϕmodifiedϕsettingsϕasϕdefault

Deletesϕuser-definedϕNationalϕAnnex

Table 2.2 Buttonsϕin National Annex Settings dialogϕbox
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Stainless Steel (EN 1993-1-4)

RF-/STEELϕEC3ϕallowsϕforϕtheϕdesignϕofϕstructuralϕcomponentsϕmadeϕofϕstainlessϕsteelϕaccordingϕto
ENϕ1993-1-4 [4] .

Inϕtheϕsecondϕtabϕofϕthe National Annex Settings dialogϕbox,ϕyouϕfindϕthe Partial Factors andϕthe
Parameters for Stability Design.

Figure 2.13 Dialogϕbox National Annex Settings - CEN, tab Stainless Steel (EN 1993-1-4)
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Cold Formed (EN 1993-1-3)

Inϕthisϕtab,ϕyouϕcanϕdefineϕtheϕpartialϕfactorsϕforϕdesigningϕcold-formedϕsectionsϕaccordingϕtoϕENϕ1993-
1-3 [3] . Aϕlicenseϕofϕthe RF-/STEEL Cold-Formed Sections moduleϕextensionϕisϕrequiredϕforϕthe
design.

Figure 2.14 Dialogϕbox National Annex Settings - CEN, tab Cold-Formed (EN 1993-1-3)

The Partial Factors Acc. to 2(3) sectionϕmanagesϕtheϕfactors γM, whichϕareϕtoϕbeϕappliedϕforϕthe
ultimateϕlimitϕstateϕdesignϕaccordingϕto [3] 2(3). Theϕrecommendedϕvaluesϕorϕtheϕvaluesϕdefinedϕin
theϕNationalϕAnnexϕareϕpreset.

Ifϕnecessary,ϕyouϕcanϕadjustϕtheϕfactor γM,ser inϕthe Partial factor for verifications at serviceability limit
states Acc. to 2(5) section.

Accordingϕto [3] Tableϕ3.1a,ϕNoteϕ1,ϕa Reduction Factor of fyb and fu shouldϕbeϕconsideredϕforϕsteel
platesϕwithϕaϕthicknessϕofϕlessϕthanϕ3ϕmm. Thisϕfactorϕforϕreducingϕtheϕbasicϕyieldϕstrengthϕandϕtensile
strengthϕisϕpresetϕwithϕtheϕrecommendedϕvalueϕofϕ0.9.

2 Input Data

17



RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Materials2.2

Thisϕmoduleϕwindowϕisϕsubdividedϕintoϕtwoϕparts. TheϕupperϕpartϕlistsϕallϕmaterialsϕcreatedϕinϕRFEMϕor
RSTAB. The Material Properties sectionϕshowsϕtheϕpropertiesϕofϕtheϕcurrentϕmaterial,ϕthatϕis,ϕtheϕtable
rowϕcurrentlyϕselectedϕinϕtheϕupperϕsection.

Figure 2.15 Window 1.2 Materials

Materialsϕthatϕwon'tϕbeϕusedϕinϕtheϕdesignϕareϕgrayedϕout. Materialsϕthatϕareϕnotϕallowedϕare
highlightedϕinϕred.ϕModifiedϕmaterialsϕareϕdisplayedϕinϕblue.

Chapter 4.3 of the RFEM manual , orϕChapterϕ4.2ϕofϕtheϕRSTABϕmanual,ϕdescribesϕtheϕmaterial
propertiesϕthatϕareϕusedϕforϕtheϕdeterminationϕofϕtheϕinternalϕforces (Main Properties). Theϕpropertiesϕof
theϕmaterialsϕthatϕareϕrequiredϕforϕtheϕdesignϕareϕalsoϕstoredϕinϕtheϕglobalϕmaterialϕlibrary. These
valuesϕareϕpreset (Additional Properties).

Toϕadjustϕtheϕunitsϕandϕdecimalϕplacesϕofϕtheϕpropertiesϕandϕstresses,ϕselectϕonϕtheϕmoduleϕmenu
Settings Units and Decimal Places (see Chapter 7.3 ).

Material Description

TheϕmaterialsϕdefinedϕinϕRFEMϕorϕRSTABϕareϕpresetϕbutϕyouϕcanϕmodifyϕthemϕanytime: Clickϕthe
materialϕinϕcolumnϕAϕtoϕactivateϕtheϕfield. Then,ϕclickϕthe button, orϕpressϕtheϕfunctionϕkey [F7] to
openϕtheϕmaterialϕlist.

Figure 2.16 Listϕofϕmaterials
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AccordingϕtoϕtheϕdesignϕconceptϕofϕtheϕStandard [1] , onlyϕmaterialsϕofϕthe Steel categoryϕcanϕbe
selected.

Afterϕtheϕmaterialϕtransfer,ϕtheϕdesign-relevant Material Properties areϕupdated.

Ifϕyouϕchangeϕtheϕmaterialϕdescriptionϕmanuallyϕandϕtheϕnewϕentryϕisϕalreadyϕlistedϕinϕtheϕmaterial
library,ϕRF-/STEELϕEC3ϕwillϕimportϕtheϕmaterialϕpropertiesϕasϕwell.

TheϕmaterialϕpropertiesϕareϕgenerallyϕnotϕeditableϕinϕtheϕRF-/STEELϕEC3ϕadd-onϕmodule.

Material Library

Manyϕmaterialsϕareϕstoredϕinϕtheϕdatabase. Toϕopenϕtheϕmaterialϕlibrary,ϕclickϕonϕtheϕmoduleϕmenu

Edit → Material Library

orϕuseϕtheϕbuttonϕshownϕonϕtheϕleft.

Figure 2.17 Dialogϕbox Material Library

The Steel materialϕcategoryϕisϕpresetϕinϕthe Filter section. Youϕcanϕselectϕtheϕdesiredϕmaterialϕgrade
fromϕthe Material to Select list;ϕthenϕyouϕcanϕcheckϕtheϕpropertiesϕinϕtheϕdialogϕsectionϕbelow.

Click [OK] orϕuse [↵] toϕtransferϕtheϕselectedϕmaterialϕtoϕWindowϕ1.2ϕofϕRF-/STEELϕEC3.

Chapter 4.3 of the RFEM manual , orϕChapterϕ4.2ϕofϕtheϕRSTABϕmanual,ϕdescribesϕhowϕtoϕfilter,ϕadd,
orϕreorganizeϕmaterials.

Inϕtheϕlibrary,ϕyouϕcanϕalsoϕselectϕmaterialsϕofϕtheϕcategories Cast Iron and Stainless Steel. However,
pleaseϕcheckϕwhetherϕtheseϕmaterialsϕareϕallowedϕbyϕtheϕdesignϕconceptϕofϕtheϕStandard [1] .
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Cross-Sections2.3

Thisϕwindowϕlistsϕtheϕcross-sectionsϕusedϕforϕtheϕdesign. Inϕaddition,ϕyouϕcanϕspecifyϕoptimization
parameters.

Figure 2.18 Window 1.3 Cross-Sections

Cross-Section Description

Theϕcross-sectionsϕdefinedϕinϕRFEMϕorϕRSTABϕareϕpresetϕtogetherϕwithϕtheϕassignedϕmaterialϕnumbers.

Toϕmodifyϕaϕcross-section,ϕclickϕtheϕentryϕinϕcolumnϕB.ϕThus,ϕyouϕsetϕtheϕfieldϕactive. Then,ϕopenϕthe
cross-sectionϕtableϕofϕtheϕcurrentϕinputϕfieldϕbyϕclickingϕthe [Cross-Section Library] buttonϕor atϕthe
endϕofϕtheϕbox.ϕYouϕcanϕalsoϕuseϕtheϕfunctionϕkey [F7] (see Figure 2.19 ).

Inϕthisϕdialogϕbox,ϕyouϕcanϕchooseϕaϕdifferentϕcross-sectionϕorϕevenϕaϕdifferentϕcross-sectionϕtable. If
youϕwantϕtoϕselectϕaϕcompletelyϕdifferentϕcross-sectionϕcategory,ϕclickϕthe [Back toϕCross-Section
Library] button.ϕThen,ϕtheϕgeneralϕcross-sectionϕlibraryϕopens.

Chapter 4.13 of the RFEM manual , orϕChapterϕ4.3ϕofϕtheϕRSTABϕmanual,ϕdescribesϕhowϕtoϕselect
cross-sectionsϕfromϕtheϕlibrary.

Youϕcanϕalsoϕenterϕaϕnewϕcross-sectionϕdescriptionϕdirectlyϕintoϕtheϕinputϕfieldϕinϕcolumnϕB. Ifϕtheϕentryϕis
alreadyϕlistedϕinϕtheϕdatabase,ϕRF-/STEELϕEC3ϕwillϕimportϕtheϕcross-sectionϕproperties. Aϕmodified
cross-sectionϕisϕhighlightedϕinϕblue.
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Figure 2.19 ISϕcross-sectionϕtypesϕofϕcross-sectionϕlibrary

Ifϕcross-sectionsϕsetϕinϕRF-/STEELϕEC3ϕareϕdifferentϕfromϕtheϕonesϕusedϕinϕRFEMϕorϕRSTAB,ϕbothϕcross-
sectionsϕareϕdisplayedϕinϕtheϕgraphicϕtoϕtheϕright. Theϕdesignsϕwillϕbeϕperformedϕwithϕtheϕinternalϕforces
fromϕRFEMϕorϕRSTABϕforϕtheϕcross-sectionϕselectedϕinϕRF-/STEELϕEC3.

Cross-Section Type

Thisϕcolumnϕshowsϕtheϕcross-sectionϕtypeϕthatϕisϕusedϕforϕtheϕclassification. Theϕcross-sectionsϕlistedϕin
[1] Tableϕ5.2ϕcanϕbeϕdesignedϕplasticallyϕorϕelasticallyϕdependingϕonϕtheϕclass. Cross-sectionsϕnot
includedϕinϕthisϕtableϕareϕclassifiedϕas General andϕcanϕonlyϕbeϕdesignedϕelastically,ϕwhichϕmeans
classϕ3ϕorϕ4.

Classification

RF-/STEELϕEC3ϕperformsϕtheϕclassification Automatically. Ifϕthisϕisϕnotϕdesired,ϕyouϕcanϕdefineϕthe
cross-sectionϕclassϕmanuallyϕinϕtheϕdrop-downϕlist. Forϕexample,ϕanϕI-sectionϕembeddedϕinϕconcrete
cannotϕbuckleϕlocally. Byϕclassifyingϕitϕmanuallyϕintoϕclassϕ3ϕitϕisϕpossibleϕtoϕperformϕtheϕdesignϕwithout
takingϕintoϕaccountϕtheϕeffectiveϕwidths.

Max. Design Ratio

Thisϕcolumnϕisϕdisplayedϕonlyϕafterϕtheϕcalculation. Itϕisϕintendedϕtoϕbeϕaϕdecisionϕsupportϕforϕthe
optimization: Lookingϕatϕtheϕdesignϕratiosϕandϕcoloredϕrelationϕscales,ϕyouϕcanϕclearlyϕseeϕwhich
cross-sectionsϕareϕhardlyϕutilizedϕandϕthusϕoversized,ϕorϕextremelyϕstressedϕandϕthusϕundersized.

Optimize

Eachϕcross-sectionϕofϕtheϕlibraryϕcanϕpassϕthroughϕanϕoptimizationϕprocess: Forϕtheϕinternalϕforcesϕfrom
RFEMϕorϕRSTAB,ϕtheϕprogramϕsearchesϕtheϕcross-sectionϕthatϕcomesϕasϕcloseϕasϕpossibleϕtoϕaϕuser-
definedϕmaximumϕratio thatϕcanϕbeϕdefinedϕinϕthe General tabϕofϕthe Details dialogϕbox (see Figure
3.14 ).

Toϕoptimizeϕaϕcrossϕsection,ϕopenϕtheϕdrop-downϕlistϕinϕcolumnϕEϕorϕF,ϕandϕselectϕtheϕrelevantϕentry:
From current row or,ϕifϕavailable, From favorites 'Description'. Recommendationsϕforϕoptimizing
cross-sectionsϕcanϕbeϕfoundϕin Chapter 7.2 .
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Remark

Thisϕcolumnϕshowsϕremarksϕinϕtheϕformϕofϕfootnotes. Theyϕareϕexplainedϕbelowϕtheϕcross-sectionϕlist.

Ifϕtheϕwarning Incorrect type of cross-section! appearsϕbeforeϕcalculating,ϕaϕcross-sectionϕisϕsetϕwhichϕis
notϕlistedϕinϕtheϕdatabase. Thisϕmayϕbeϕaϕuser-definedϕcross-sectionϕorϕaϕSHAPE-THINϕcross-sectionϕthat
hasϕnotϕyetϕbeenϕcalculated. Toϕselectϕanϕappropriateϕcross-sectionϕforϕtheϕdesign,ϕclickϕthe [Library]
button (see descriptionϕbelow Figure 2.18 ).

Member with tapered cross-section

Forϕtaperedϕmembersϕwithϕdifferentϕcross-sectionsϕatϕtheϕmemberϕstartϕandϕend,ϕbothϕcross-section
numbersϕareϕshownϕinϕtwoϕrows,ϕinϕaccordanceϕwithϕtheϕdefinitionϕinϕRFEMϕorϕRSTAB.

RF-/STEELϕEC3ϕalsoϕdesignsϕtaperedϕmembers,ϕprovidedϕthatϕtheϕcross-sectionϕatϕtheϕmember'sϕstartϕhas
theϕsameϕnumberϕofϕstressϕpointsϕasϕtheϕcross-sectionϕatϕtheϕend. Normalϕstresses,ϕforϕexample,ϕare
determinedϕfromϕtheϕmomentsϕofϕinertiaϕandϕtheϕcentroidalϕdistancesϕofϕtheϕstressϕpoints. Ifϕthe
cross-sectionsϕatϕtheϕstartϕandϕendϕofϕaϕtaperedϕmemberϕhaveϕdifferentϕnumbersϕofϕstressϕpoints,ϕthe
intermediateϕvaluesϕcannotϕbeϕinterpolated. TheϕcalculationϕisϕneitherϕpossibleϕinϕRFEMϕorϕRSTABϕnorϕin
RF-/STEELϕEC3.

Theϕcross-section'sϕstressϕpointsϕincludingϕnumberingϕcanϕbeϕcheckedϕgraphically: Selectϕthe
cross-sectionϕinϕWindowϕ1.3,ϕandϕthenϕclickϕthe button. Theϕdialogϕboxϕshownϕin Figure 2.20
appears.

Info About Cross-Section

Belowϕtheϕcross-sectionϕgraphic,ϕyouϕfindϕthe [Info] button. Clickϕitϕtoϕopenϕthe Info About Cross-Section
dialogϕbox whereϕyouϕcanϕseeϕtheϕcross-sectionϕproperties,ϕstressϕpointsϕandϕc/t-parts.

Figure 2.20 Dialogϕbox Info About Cross-Section
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Theϕbuttonsϕbelowϕtheϕcross-sectionϕgraphicϕhaveϕtheϕfollowingϕfunctions:

Button Function

Displaysϕorϕhidesϕstressϕpoints

Displaysϕorϕhidesϕc/t-parts

Displaysϕorϕhidesϕnumbersϕofϕstressϕpointsϕorϕc/t-parts

Showsϕdetailsϕofϕstressϕpointsϕorϕc/t-parts (see Figure 2.21 )

Displaysϕorϕhidesϕdimensionsϕofϕcross-section

Displaysϕorϕhidesϕprincipalϕaxesϕofϕcross-section

Resetsϕfullϕviewϕofϕcross-section

Table 2.3 Buttonsϕofϕcross-sectionϕgraphic

Useϕthe [Details] buttonsϕtoϕcallϕupϕspecificϕinformationϕaboutϕstressϕpoints (centroid distances,ϕstatical
momentsϕofϕarea,ϕwarping ordinates, etc.) andϕc/t-parts.

Figure 2.21 Dialogϕbox Stress Points of HE B 260

Buckling curves of cross-section

Ifϕtheϕsituationϕrequiresϕit,ϕyouϕcanϕchangeϕtheϕbucklingϕcurvesϕinϕthe Cross-Section Properties table
(lower partϕofϕWindow 1.3 Cross-Sections).

Figure 2.22 Changingϕbucklingϕcurve BCy
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Intermediate Lateral Restraints2.4

InϕWindowϕ1.4,ϕyouϕcanϕdefineϕlateralϕsupportsϕforϕmembers. RF-/STEELϕEC3ϕalwaysϕassumesϕthese
intermediateϕsupportsϕtoϕbeϕperpendicularϕtoϕtheϕcross-section'sϕminorϕaxis z (see Figure 2.20 ). Thus,
itϕisϕpossibleϕtoϕinfluenceϕtheϕmembers'ϕeffectiveϕlengths (only for Lateral and torsional restraint type)
whichϕareϕimportantϕforϕtheϕstabilityϕanalysesϕconcerningϕflexuralϕbucklingϕandϕlateral-torsional
buckling.

Figure 2.23 Window 1.4 Intermediate Lateral Restraints

Inϕtheϕupperϕpartϕofϕtheϕwindow,ϕyouϕcanϕassignϕupϕtoϕnineϕlateralϕsupportsϕtoϕeachϕmember. The
Settings sectionϕshowsϕtheϕentryϕdisplayedϕinϕaϕcolumnϕviewϕforϕtheϕmemberϕselectedϕabove.

Toϕdefineϕtheϕintermediateϕrestraintsϕforϕaϕmember,ϕselectϕtheϕcheckϕboxϕfor Lateral Restraints inϕcolumn
A. Withϕthe buttonϕyouϕcanϕselectϕtheϕmemberϕgraphicallyϕtoϕactivateϕitsϕrowϕinϕtheϕtable. Whenϕthe
checkϕboxϕhasϕbeenϕselected,ϕtheϕfieldsϕwhereϕyouϕcanϕenterϕtheϕparametersϕareϕavailable.

InϕcolumnϕB,ϕyouϕcanϕselectϕthe Restraint Type fromϕtheϕdrop-downϕlist. Aϕlateralϕandϕtorsionalϕrestraint
isϕpreset. Itϕisϕalsoϕpossibleϕtoϕplaceϕintermediateϕrestraintsϕatϕtheϕlowerϕorϕupperϕflange. The
User-Defined optionϕallowsϕyouϕtoϕspecifyϕtheϕrestraintϕparametersϕindividually (support inϕdirectionϕof
memberϕaxisϕy,ϕrestrainedϕaboutϕlongitudinalϕmemberϕaxisϕx,ϕeccentricityϕof support) inϕthe Settings
section.

InϕcolumnϕD,ϕyouϕcanϕdefineϕthe Number ofϕintermediateϕrestraints. Dependingϕonϕtheϕsetting,ϕyouϕcan
accessϕoneϕorϕmoreϕofϕtheϕfollowing Intermediate Lateral Restraints columnsϕforϕdefiningϕtheϕx-locations.

Whenϕtheϕcheckϕboxϕfor Relatively (0 ... 1) isϕselected,ϕyouϕmustϕdefineϕtheϕsupportϕpointsϕbyϕrelative
input: Theϕlocationsϕofϕtheϕintermediateϕsupportsϕresultϕfromϕtheϕmemberϕlengthϕandϕtheϕrelative
distancesϕtoϕtheϕmemberϕstart. Itϕisϕalsoϕpossibleϕtoϕdefineϕtheϕdistancesϕmanuallyϕinϕtheϕtable,ϕifϕthe
Relatively (0 ... 1) checkϕboxϕisϕcleared.
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Setϕofϕmembers Ifϕsetsϕofϕmembersϕareϕdesignedϕaccordingϕtoϕtheϕequivalentϕmemberϕmethod (see Chapter 3.1.2 ),
supportsϕofϕtheϕlateralϕandϕtorsionalϕrestraintϕtypeϕwithinϕtheϕsetϕofϕmembersϕmustϕbeϕdefinedϕhere.ϕSuch
restrainedϕregionsϕmust not beϕdescribedϕbyϕeffectiveϕlengthsϕinϕWindowϕ1.6!

YouϕcanϕfindϕanϕexampleϕofϕusingϕintermediateϕlateralϕrestraintsϕinϕourϕKnowledgeϕBase:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001557

Effective Lengths - Members2.5

Thisϕmoduleϕwindowϕisϕsubdividedϕintoϕtwoϕparts. Theϕtableϕinϕtheϕupperϕpartϕlistsϕtheϕbucklingϕlength
factorsϕandϕequivalentϕmemberϕlengthsϕforϕbucklingϕandϕlateral-torsionalϕbucklingϕofϕallϕmembersϕtoϕbe
designed. TheϕeffectiveϕlengthsϕdefinedϕinϕRFEMϕorϕRSTABϕareϕpreset. Inϕthe Settings section,ϕyouϕcan
seeϕadditionalϕinformationϕaboutϕtheϕmemberϕwhoseϕtableϕrowϕisϕselectedϕinϕtheϕupperϕpart.

Withϕthe button youϕcanϕselectϕaϕmemberϕgraphicallyϕtoϕactivateϕitsϕrowϕinϕtheϕtable.

Changingϕentriesϕisϕpossibleϕinϕtheϕtableϕasϕwellϕasϕthe Settings tree.

Figure 2.24 Window 1.5 Effective Lengths - Members

TheϕeffectiveϕlengthsϕforϕbucklingϕaboutϕtheϕminorϕaxisϕzϕareϕalignedϕautomaticallyϕwithϕWindow 1.4
Intermediate Lateral Restraints. Ifϕtheϕintermediateϕsupportsϕdivideϕtheϕmemberϕintoϕsegmentsϕof
differentϕlengths,ϕnoϕvaluesϕareϕdisplayedϕinϕcolumnsϕG,ϕK,ϕandϕLϕofϕWindowϕ1.5.

Youϕcanϕenterϕtheϕeffectiveϕlengthsϕmanuallyϕinϕtheϕtableϕandϕthe Settings tree.ϕYouϕcanϕalsoϕdefine
themϕgraphicallyϕinϕtheϕworkϕwindowϕbyϕusingϕthe button. Thisϕbuttonϕbecomesϕactiveϕwhenϕthe
cursorϕisϕplacedϕinϕtheϕtextϕbox (see Figure 2.24 ).

The Settings treeϕincludesϕtheϕfollowingϕparameters:

Cross-Section

Length ofϕmember

Buckling Possible forϕmember (corresponds toϕcolumnsϕB,ϕE,ϕand H)
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Buckling About Axis y (corresponds toϕcolumnsϕCϕand D)

Buckling About Axis z (corresponds toϕcolumnsϕFϕand G)

Lateral-Torsional Buckling (corresponds toϕcolumnsϕIϕto K)

Forϕtheϕselectedϕmember,ϕyouϕcanϕdefineϕwhetherϕaϕbucklingϕorϕaϕlateral-torsionalϕbucklingϕanalysisϕis
generallyϕtoϕbeϕcarriedϕout. Inϕaddition,ϕyouϕcanϕadjustϕthe Effective Length Factor andϕthe Warping
Length Factor forϕtheϕrespectiveϕdirections. Whenϕchangingϕaϕfactor,ϕtheϕequivalentϕmemberϕlengthϕwill
beϕadjustedϕautomatically,ϕandϕviceϕversa.

Itϕisϕalsoϕpossibleϕtoϕdefineϕtheϕeffectiveϕlengthϕofϕaϕmemberϕinϕaϕdialogϕboxϕthatϕyouϕopenϕwithϕthe
button [Select effectiveϕlength factor]. Youϕcanϕfindϕtheϕbuttonϕbelowϕtheϕtable.

Figure 2.25 Dialogϕbox Select Effective Length Factor

Forϕeachϕdirection,ϕyouϕcanϕselectϕoneϕofϕtheϕfourϕEulerϕbucklingϕmodes.ϕYouϕcanϕalsoϕsetϕa
User-defined effectiveϕlengthϕfactor. IfϕanϕeigenvalueϕanalysisϕhasϕbeenϕcarriedϕoutϕbyϕtheϕRF-STABILITY
orϕRSBUCKϕadd-onϕmodule,ϕitϕisϕalsoϕpossibleϕtoϕdefineϕa Buckling mode forϕtheϕdeterminationϕofϕthe
factor.

Buckling Possible

Theϕstabilityϕanalysesϕforϕflexuralϕandϕlateral-torsionalϕbucklingϕrequireϕtheϕabilityϕtoϕabsorb
compressiveϕforces. Therefore,ϕmembersϕforϕwhichϕsuchϕanϕabsorptionϕisϕnotϕpossibleϕdueϕtoϕthe
memberϕtype (for example,ϕtensionϕmembers,ϕelasticϕfoundations,ϕrigid connections) areϕexcludedϕfrom
theϕoutset. Theϕrowsϕareϕgrayedϕoutϕinϕtheϕtable,ϕandϕaϕcorrespondingϕnoteϕisϕshownϕinϕthe Comment
column.

The Buckling Possible checkϕboxesϕinϕtableϕrowϕAϕandϕinϕthe Settings treeϕofferϕaϕcontrolϕoptionϕforϕthe
stabilityϕanalyses: Theyϕdetermineϕifϕtheseϕanalysesϕareϕperformedϕorϕomittedϕforϕtheϕmember.

Buckling About Axis y / Buckling about Axis z

Withϕtheϕcheckϕboxϕinϕthe Possible column,ϕyouϕdecideϕifϕaϕmemberϕhasϕtheϕriskϕofϕbucklingϕaboutϕthe
axisϕyϕand/orϕz. Theseϕaxesϕrepresentϕtheϕlocalϕmemberϕaxes,ϕwithϕaxisϕyϕbeingϕthe "major" andϕaxisϕz
the "minor" memberϕaxis. Theϕeffectiveϕlengthϕfactors kcr,y and kcr,z forϕbucklingϕaboutϕtheϕmajorϕor
minorϕaxisϕcanϕbeϕselectedϕfreely.
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Inϕthe 1.3 Cross-Sections window,ϕyouϕcanϕcheckϕtheϕpositionϕofϕtheϕmemberϕaxesϕinϕtheϕcross-section
graphic (see Figure 2.18 ). Withϕthe [Jump to graphic] buttonϕyouϕcanϕalsoϕaccessϕtheϕworkϕwindow
ofϕtheϕmainϕprogram. There,ϕyouϕcanϕdisplayϕtheϕlocalϕmemberϕaxesϕbyϕusingϕtheϕmember'sϕshortcut
menuϕorϕthe Display navigator.

Figure 2.26 Activatingϕtheϕmemberϕaxisϕsystemsϕin Display navigatorϕofϕRFEM

Ifϕbucklingϕisϕpossibleϕaboutϕoneϕorϕbothϕmemberϕaxes,ϕyouϕcanϕenterϕtheϕeffectiveϕlengthϕfactorsϕin
columnsϕCϕandϕF,ϕandϕtheϕeffectiveϕlengthsϕinϕcolumnsϕDϕandϕG.ϕTheϕsameϕisϕpossibleϕinϕthe Settings
tree.

Toϕdefineϕtheϕeffectiveϕlengthsϕgraphicallyϕinϕtheϕworkϕwindow,ϕuseϕthe button. Thisϕbuttonϕbecomes
availableϕwhenϕtheϕcursorϕisϕplacedϕinϕa Lcr inputϕfield (see Figure 2.24 ).

Whenϕyouϕspecifyϕtheϕeffectiveϕlengthϕfactor kcr, theϕprogramϕdeterminesϕtheϕeffectiveϕlength Lcr by
multiplyingϕtheϕmemberϕlength L byϕthisϕfactor. Theϕinputϕfields kcr and Lcr areϕinteractive.

Axisϕdefinitionϕfor kz and kw

Lateral-Torsional and Torsional-Flexural Buckling Possible

ColumnϕHϕshowsϕwhichϕmembersϕareϕincludedϕinϕtheϕanalysisϕofϕlateral-torsionalϕbuckling.

Toϕdetermine Mcr byϕtheϕeigenvalueϕcalculationϕmethod,ϕanϕinternalϕmemberϕmodelϕwithϕfourϕdegrees
ofϕfreedomϕisϕcreated. Theseϕdegreesϕmustϕbeϕdefinedϕbyϕtheϕfactors kz and kw. Withϕbothϕfactors
interacting,ϕitϕisϕpossibleϕtoϕdetermineϕtheϕsupportϕconditionsϕforϕlateral-torsionalϕbuckling (for example,
lateralϕandϕtorsional restraint).

Effective Length Factor kz

Theϕfactor kz controlsϕtheϕlateralϕdisplacement uy andϕtheϕrotation φz atϕtheϕmemberϕends.

kz =ϕ1.0ϕrestrainedϕagainstϕlateralϕdisplacement uy onϕbothϕmemberϕends

kz =ϕ0.7leϕrestrainedϕagainstϕdisplacement uy onϕbothϕendsϕandϕrestraintϕaboutϕzϕleft

kz =ϕ0.7riϕrestrainedϕagainstϕdisplacement uy onϕbothϕendsϕandϕrestraintϕaboutϕzϕright

kz =ϕ0.5ϕrestrainedϕagainstϕdisplacement uy andϕrestraintϕaboutϕzϕonϕbothϕmemberϕends

kz =ϕ2.0leϕrestrainedϕagainstϕdisplacement uy andϕrestraintϕaboutϕzϕleft;ϕrightϕendϕfree

kz =ϕ2.0riϕrestrainedϕagainstϕdisplacement uy andϕrestraintϕaboutϕzϕright;ϕleftϕendϕfree
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Warping Length Factor kw

Theϕfactor kw controlsϕtheϕtorsionϕaboutϕtheϕmember'sϕlongitudinalϕaxis ϕx andϕtheϕwarping ω.

kw =ϕ1.0ϕrestrainedϕagainstϕrotationϕaboutϕxϕonϕbothϕmemberϕends;ϕfreeϕtoϕwarpϕonϕbothϕsides

kw =ϕ0.7leϕrestrainedϕagainstϕrotationϕaboutϕxϕonϕbothϕendsϕandϕwarpingϕrestraintϕleft

kw =ϕ0.7riϕrestrainedϕagainstϕrotationϕaboutϕxϕonϕbothϕendsϕandϕwarpingϕrestraintϕright

kw =ϕ0.5ϕtorsionϕandϕwarpingϕrestraintϕonϕbothϕmemberϕends

kw =ϕ2.0leϕrestrainedϕagainstϕrotationϕaboutϕxϕandϕwarping ω left;ϕrightϕendϕfree

kw =ϕ2.0riϕrestrainedϕagainstϕrotationϕaboutϕxϕandϕwarping ω right;ϕleftϕendϕfree

Theϕabbreviations le and ri referϕtoϕthe left and right side. Theϕabbreviation le alwaysϕdescribesϕthe
supportϕconditionsϕatϕtheϕmemberϕstart.

Youϕcanϕmodelϕaϕlateralϕandϕtorsionalϕrestraintϕbyϕusingϕtheϕfactors kz =ϕ1.0 (support inϕyϕwithϕfree
rotationϕabout z) and kw =ϕ1.0 (restrained againstϕtorsionϕaboutϕxϕwithϕfree warping). Becauseϕthe
internalϕmemberϕmodelϕrequiresϕonlyϕfourϕdegreesϕofϕfreedom,ϕdefiningϕotherϕboundaryϕconditionsϕis
notϕnecessary.

Ifϕtheϕlateral-torsionalϕbucklingϕlength Lw orϕtheϕtorsionalϕbucklingϕlength LT differsϕfromϕtheϕlengthϕofϕthe
memberϕorϕtheϕbucklingϕlength,ϕyouϕcanϕdefineϕtheϕlengths Lw and LT alsoϕmanuallyϕinϕcolumnsϕKϕandϕL
orϕgraphicallyϕwithϕthe button.

Comment

Inϕtheϕfinalϕcolumn,ϕyouϕcanϕenterϕuser-definedϕnotesϕtoϕdescribe,ϕforϕexample,ϕtheϕequivalentϕmember
lengths.

Set input for members No.

Belowϕthe Settings table,ϕyouϕfindϕtheϕcheckϕbox Set input for members No. Whenϕyouϕselectϕit,ϕthe
subsequent settingsϕwillϕbeϕappliedϕto All membersϕorϕtoϕselectedϕmembers (enter theϕmember
numbersϕmanuallyϕorϕselectϕthemϕgraphicallyϕwith ). Thisϕoptionϕisϕusefulϕifϕyouϕwantϕtoϕassignϕthe
sameϕboundaryϕconditionsϕtoϕseveralϕmembers. Youϕcanϕfindϕanϕexampleϕinϕthe Knowledge Base on
our website.

Settingsϕwhichϕhaveϕalreadyϕbeenϕdefinedϕcannotϕbeϕchangedϕsubsequentlyϕwithϕthisϕfunction.
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Effective Lengths - Sets of Members2.6

Thisϕwindowϕappearsϕonlyϕifϕatϕleastϕoneϕsetϕofϕmembersϕisϕsetϕforϕdesignϕinϕthe 1.1 General Data
windowϕandϕthe Equivalent Member Method forϕsetsϕofϕmembersϕisϕselectedϕinϕthe Details dialogϕbox
(see Figure 3.2 ). Then,ϕWindowsϕ1.7ϕandϕ1.8ϕareϕnotϕdisplayed. Inϕthisϕcase,ϕlateralϕintermediate
supportsϕcanϕbeϕdefinedϕinϕWindowϕ1.4ϕbyϕusingϕdivisionϕpoints.

Figure 2.27 Window 1.6 Effective Lengths - Sets of Members

TheϕconceptϕofϕthisϕwindowϕisϕsimilarϕtoϕtheϕpreviousϕWindow 1.5 Effective Lengths - Members. Here,
youϕcanϕenterϕtheϕeffectiveϕlengthsϕforϕbucklingϕaboutϕbothϕprincipalϕaxesϕofϕtheϕsetϕofϕmembers,ϕas
describedϕin Chapter 2.5 . Theyϕdefineϕtheϕboundaryϕconditionsϕofϕtheϕsetϕofϕmembersϕthatϕisϕhandled
inϕitsϕentiretyϕasϕanϕequivalentϕmember.

InϕourϕKnowledgeϕBase,ϕyouϕcanϕfindϕanϕexampleϕofϕenteringϕeffectiveϕlengthsϕforϕsetsϕofϕmembers:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001557
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Nodal Supports - Sets of Members2.7

Thisϕwindowϕisϕdisplayedϕifϕatϕleastϕoneϕsetϕofϕmembersϕisϕselectedϕforϕdesignϕinϕwindow 1.1 General
Data andϕtheϕstabilityϕanalysisϕisϕperformedϕasϕperϕtheϕgeneralϕmethodϕaccordingϕto [1] clause
6.3.4 (default setting).

Ifϕthe Equivalent Member Method forϕsetsϕofϕmembersϕisϕselectedϕinϕthe Details dialogϕbox (see Figure
3.2 ), Windowϕ1.7ϕisϕnotϕdisplayed. Inϕthisϕcase,ϕlateralϕintermediateϕsupportsϕcanϕbeϕdefinedϕin
Windowϕ1.4ϕbyϕusingϕdivisionϕpoints.

Figure 2.28 Window 1.7 Nodal Supports - Set of Members

Theϕcurrentϕtableϕmanagesϕtheϕboundaryϕconditionsϕofϕtheϕsetϕofϕmembersϕthatϕisϕselectedϕonϕtheϕleftϕin
theϕnavigator!

TheϕsupportsϕdefinedϕinϕRFEMϕorϕRSTAB (for example,ϕinϕZϕforϕaϕcontinuous beam) areϕnotϕrelevantϕin
thisϕwindow: Theϕdistributionsϕofϕmomentsϕandϕshearϕforcesϕforϕtheϕdeterminationϕofϕtheϕamplification
factorϕareϕautomaticallyϕimportedϕfromϕRFEM/RSTAB. Here,ϕyouϕdefineϕtheϕsupportϕconditionsϕaffecting
theϕstabilityϕfailure (buckling, lateral-torsional buckling).

Supportsϕonϕtheϕstartϕandϕendϕnodesϕofϕtheϕsetϕofϕmembersϕareϕpreset. Anyϕotherϕsupports,ϕforϕexample
dueϕtoϕconnectedϕmembers,ϕmustϕbeϕaddedϕmanually. Useϕthe buttonϕtoϕselectϕnodesϕgraphicallyϕin
theϕmainϕprogram'sϕworkϕwindow.

Accordingϕto [1] clauseϕ6.3.4 (1), itϕisϕpossibleϕtoϕdesignϕsinglyϕsymmetricϕcross-sectionsϕthatϕare
stressedϕsolelyϕinϕtheirϕprincipalϕplane. Forϕthisϕanalysisϕmethod,ϕitϕisϕnecessaryϕtoϕknowϕthe
amplificationϕfactor αcr,op ofϕtheϕentireϕsetϕofϕmembers. Inϕorderϕtoϕdetermineϕthisϕfactor,ϕtheϕprogram
createsϕaϕplanarϕframeworkϕwithϕfourϕdegreesϕofϕfreedomϕforϕeachϕnode.

Theϕorientationϕofϕtheϕaxesϕinϕtheϕsetϕofϕmembersϕisϕimportantϕforϕtheϕnodalϕsupportϕdefinition. The
programϕchecksϕtheϕpositionϕofϕtheϕnodesϕandϕinternallyϕdefinesϕtheϕaxesϕofϕtheϕnodalϕsupportsϕfor
Windowϕ1.7ϕaccordingϕto Figure 2.29 to Figure 2.32 . The [Local Coordinate System] button
belowϕtheϕmodelϕgraphicϕcanϕhelpϕyouϕwithϕtheϕorientation: Useϕitϕtoϕdisplayϕtheϕsetϕofϕmembersϕinϕa
partialϕviewϕwhereϕtheϕaxesϕareϕclearlyϕvisible. Youϕcanϕfindϕanϕexampleϕinϕthe Knowledge Base on
ourϕwebsite.
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Figure 2.29 Auxiliaryϕcoordinateϕsystemϕforϕnodalϕsupportsϕ-ϕstraightϕsetϕofϕmembers

Ifϕallϕmembersϕofϕaϕsetϕofϕmembersϕrestϕonϕaϕstraightϕline,ϕasϕshownϕin Figure 2.29 , theϕlocal
coordinateϕsystemϕofϕtheϕfirstϕmemberϕinϕtheϕsetϕofϕmembersϕcorrespondsϕtoϕtheϕequivalentϕcoordinate
systemϕofϕtheϕentireϕsetϕofϕmembers.

Figure 2.30 Auxiliaryϕcoordinateϕsystemϕforϕnodalϕsupportsϕ-ϕsetϕofϕmembersϕinϕverticalϕplane

Ifϕtheϕmembersϕofϕaϕsetϕofϕmembersϕdoϕnotϕrestϕonϕaϕstraightϕline,ϕtheyϕstillϕhaveϕtoϕbeϕlocatedϕinϕthe
sameϕplane. In Figure 2.30 , theϕmembersϕrestϕinϕaϕverticalϕplane. Inϕthisϕcase,ϕtheϕX'-axisϕisϕhorizontal
andϕorientedϕinϕtheϕdirectionϕofϕtheϕplane. TheϕY'-axisϕisϕhorizontalϕasϕwellϕandϕdefinedϕperpendicular
toϕtheϕX'-axis. TheϕZ'-axisϕisϕorientedϕperpendicularϕdownwards.

Figure 2.31 Auxiliaryϕcoordinateϕsystemϕforϕnodalϕsupportsϕ-ϕsetϕofϕmembersϕinϕhorizontalϕplane

Ifϕtheϕmembersϕofϕaϕbuckledϕsetϕofϕmembersϕrestϕinϕaϕhorizontalϕplane,ϕtheϕX'-axisϕisϕdefinedϕparallelϕto
theϕX-axisϕofϕtheϕglobalϕcoordinateϕsystem. Thus,ϕtheϕY'-axisϕisϕorientedϕinϕtheϕoppositeϕdirectionϕtoϕthe
globalϕZ-axis,ϕandϕtheϕZ'-axisϕisϕdirectedϕparallelϕtoϕtheϕglobalϕY-axis.

Figure 2.32 Auxiliaryϕcoordinateϕsystemϕforϕnodalϕsupportsϕ-ϕsetϕofϕmembersϕinϕinclinedϕplane
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Figure 2.32 showsϕtheϕgeneralϕcaseϕofϕaϕbuckledϕsetϕofϕmembers: Theϕmembersϕdoϕnotϕrestϕonϕa
straightϕline,ϕbutϕinϕanϕinclinedϕplane. TheϕdefinitionϕofϕtheϕX'-axisϕresultsϕfromϕtheϕintersectionϕline
betweenϕtheϕinclinedϕandϕtheϕhorizontalϕplane. Thus,ϕtheϕY'-axisϕisϕperpendicularϕtoϕtheϕX'-axisϕandϕin
verticalϕpositionϕtoϕtheϕinclinedϕplane. TheϕZ'-axisϕisϕdefinedϕperpendicularϕtoϕtheϕX'-axisϕandϕY'-axis.

Theϕbuttonsϕbelowϕtheϕgraphicϕhaveϕtheϕfollowingϕfunctions:

Button Function

Showsϕmodelϕorϕsystemϕsketch

Showsϕmembersϕasϕ3Dϕrenderingϕorϕwire-frameϕmodel

Showsϕcurrentϕsetϕofϕmembersϕorϕentireϕmodel

Displaysϕirrelevantϕmembersϕofϕmodelϕasϕtransparentϕorϕopaque

Showsϕsetϕofϕmembersϕwithϕlocalϕcoordinateϕsystemϕorϕentireϕmodel

ShowsϕviewϕinϕdirectionϕofϕX-axis

ShowsϕviewϕinϕoppositeϕdirectionϕofϕY-axis

ShowsϕviewϕinϕdirectionϕofϕZ-axis

Setsϕisometricϕview

Table 2.4 Buttonsϕforϕcross-sectionϕgraphic

Withϕthe [Edit warp stiffener] buttonϕitϕisϕpossibleϕtoϕdetermineϕtheϕconstantϕofϕaϕwarpϕspringϕbyϕthe
program.

Figure 2.33 Dialogϕbox Edit Warp Spring

2 Input Data

32



RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Theϕfollowingϕwarpϕstiffeningϕtypesϕareϕavailableϕinϕthe Edit Warp Spring dialogϕbox:

Endϕplate

Channelϕsection

Angle

Connectingϕcolumn

Cantileveredϕportion

Materialsϕandϕcross-sectionsϕcanϕbeϕselectedϕbyϕusingϕtheϕlistsϕand [Library] buttons. Withϕthe
button youϕcanϕselectϕthemϕalsoϕgraphicallyϕinϕtheϕRFEM/RSTABϕmodel.

Basedϕonϕtheϕparameters,ϕRF-/STEELϕEC3ϕdeterminesϕthe Resulting warp spring Cω whichϕcanϕthenϕbe
importedϕwith [OK] inϕWindowϕ1.7.

Warping analysis with seven degrees of freedom

Toϕanalyzeϕsetsϕofϕmembersϕaccordingϕtoϕtheϕsecond-orderϕanalysisϕforϕflexural-torsionalϕbucklingϕwith
warpingϕtorsion,ϕselectϕtheϕcorrespondingϕcheckϕboxϕinϕthe Warping Torsion tabϕofϕthe Details dialog
box (see Figure 3.9 ). TheϕtableϕtitlesϕofϕWindowϕ1.7ϕwillϕbeϕadjustedϕaccordingly.

Theϕwarpingϕanalysisϕrequiresϕaϕlicenseϕofϕthe RF-/STEEL Warping Torsion moduleϕextension.

Figure 2.34 Window 1.7 Nodal Supports - Set of Members forϕwarpingϕanalysisϕwithϕsevenϕdegreesϕofϕfreedom

Here,ϕyouϕdefineϕtheϕsupportϕconditionsϕofϕtheϕsetϕofϕmembersϕsingledϕoutϕfromϕtheϕsystem,ϕwhichϕare
availableϕonϕtheϕnodesϕofϕtheϕmembersϕinvolved. NodalϕsupportsϕdefinedϕinϕRFEMϕorϕRSTABϕare
preset,ϕasϕwellϕasϕsupportsϕonϕbothϕendsϕofϕtheϕsetϕofϕmembers.

Lateralϕsupportsϕofϕtheϕsetϕofϕmembersϕmustϕbeϕaddedϕinϕtheϕformϕofϕadditionalϕsupports. Inϕthisϕway,
youϕcanϕrepresent,ϕforϕexample,ϕaϕpurlin'sϕeffectϕgivenϕinϕtheϕspatialϕmodelϕofϕRFEMϕorϕRSTAB. Ifϕthis
supportϕisϕmissingϕinϕtheϕmodelϕofϕtheϕsingledϕoutϕsetϕofϕmembers,ϕinstabilitiesϕareϕpossible.

Withϕthe button,ϕtheϕsupportedϕnodesϕcanϕbeϕselectedϕgraphicallyϕinϕtheϕRFEM/RSTABϕwork
window.
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InϕcolumnsϕBϕtoϕN,ϕyouϕspecifyϕtheϕsupportϕconditionsϕofϕtheϕselectedϕnodes. Toϕactivateϕorϕdeactivate
theϕsupportsϕandϕrestraintsϕforϕtheϕcorrespondingϕdegreesϕofϕfreedom,ϕclickϕinϕtheϕcheckϕboxes.
Alternatively,ϕyouϕcanϕenterϕtheϕconstantsϕofϕtheϕtranslationalϕandϕrotationalϕspringsϕmanually.

The Support rotation and Eccentricity parametersϕallowϕforϕmodelingϕsupportϕconditionsϕcloseϕtoϕreality.

Youϕcanϕfindϕanϕexampleϕdescribingϕtheϕwarpingϕtorsionϕanalysisϕofϕaϕtaperedϕsingle-spanϕbeamϕinϕan
articleϕofϕour Knowledge Base onϕourϕwebsite.

Theϕwarpingϕanalysisϕofϕaϕframeϕisϕalsoϕtheϕtopicϕofϕa webinar , whichϕyouϕcanϕwatchϕorϕdownload
onϕYoutube.

Member Hinges - Sets of Members2.8

Thisϕwindowϕisϕdisplayedϕifϕatϕleastϕoneϕsetϕofϕmembersϕisϕselectedϕforϕdesignϕinϕthe 1.1 General Data
window. Here,ϕyouϕcanϕdefineϕhingesϕforϕmembersϕwithinϕtheϕsetϕofϕmembersϕthat,ϕforϕstructural
reasons,ϕdon'tϕtransferϕtheϕdegreesϕofϕfreedomϕlockedϕinϕWindowϕ1.7ϕasϕinternalϕforces. Makeϕsure
thatϕnoϕdoubleϕhingesϕareϕgeneratedϕinϕcoactionϕwithϕWindowϕ1.7.

Windowϕ1.8ϕisϕnotϕdisplayedϕifϕthe Equivalent Member Method forϕsetsϕofϕmembersϕisϕselectedϕinϕthe
Details dialogϕbox (see Figure 3.2 ).

Theϕtableϕmanagesϕtheϕhingeϕparametersϕofϕtheϕsetϕofϕmembersϕselectedϕinϕtheϕnavigatorϕonϕtheϕleft.

Figure 2.35 Window 1.8 Member Hinges - Set of Members

InϕcolumnϕB,ϕyouϕspecifyϕthe Member Side whereϕtheϕhingeϕisϕlocated,ϕorϕifϕthereϕareϕhingesϕonϕboth
memberϕsides.

InϕcolumnsϕCϕtoϕF,ϕyouϕcanϕdefineϕtheϕreleasesϕorϕspringϕconstantsϕinϕorderϕtoϕadjustϕtheϕsetϕofϕmembers
modelϕtoϕtheϕsupportϕconditionsϕofϕWindowϕ1.7.

Ifϕtheϕwarpingϕanalysisϕwithϕsevenϕdegreesϕofϕfreedomϕisϕselectedϕinϕthe Warping Torsion tabϕofϕthe
Details dialogϕbox (requires licenseϕof RF-/STEEL Warping Torsion module extension), theϕcolumns
areϕextendedϕbyϕcorrespondingϕinputϕoptions.
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Figure 2.36 Window 1.8 Member Hinges - Set of Members forϕwarpingϕanalysisϕwithϕsevenϕdegreesϕofϕfreedom

Serviceability Parameters2.9

Thisϕwindowϕcontrolsϕvariousϕsettingsϕforϕtheϕserviceabilityϕlimitϕstateϕdesign. Itϕisϕdisplayedϕif
correspondingϕdataϕhasϕbeenϕsetϕinϕthe Serviceability Limit State tabϕofϕWindowϕ1.1 (see Chapter
2.1.2 ).

Figure 2.37 Window 1.9 Serviceability Data

InϕcolumnϕA,ϕyouϕdecideϕwhetherϕtheϕdeformationϕrefersϕtoϕsingleϕmembersϕorϕsetsϕofϕmembers. Forϕa
setϕofϕmembers,ϕitϕisϕnecessaryϕthatϕaϕuniformϕmemberϕorientationϕandϕrotationϕofϕallϕincludedϕmembers
isϕgiven. Onlyϕinϕthisϕway,ϕtheϕdeformationϕcomponentsϕwillϕbeϕdeterminedϕcorrectly.

InϕcolumnϕB,ϕyouϕenterϕtheϕnumbersϕofϕtheϕmembersϕorϕsetsϕofϕmembersϕthatϕyouϕwantϕtoϕdesign.ϕYou
canϕalsoϕuseϕthe buttonϕtoϕselectϕthemϕgraphicallyϕinϕtheϕmainϕprogram'sϕworkϕwindow. Then,ϕthe
Reference Length appearsϕautomaticallyϕinϕcolumnϕD. Theϕcolumnϕpresetsϕtheϕlengthsϕofϕtheϕmembers
andϕsetsϕofϕmembers. Youϕcanϕadjustϕtheϕvalues Manually afterϕhavingϕselectedϕtheϕcheckϕboxϕin
columnϕC.
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InϕcolumnϕE,ϕyouϕdefineϕtheϕgoverning Direction forϕtheϕdeformationϕanalysis. Youϕcanϕselectϕthe
directionsϕofϕtheϕlocalϕmemberϕaxesϕyϕandϕz (or uϕandϕvϕforϕunsymmetrical cross-sections).

InϕcolumnϕF,ϕa Precamber canϕbeϕtakenϕintoϕaccount. Theϕprecamber'sϕgeneralϕdirectionϕisϕdefinedϕin
the Serviceability tabϕofϕthe Details dialogϕbox (see Figure 3.4 ). Ifϕtheϕprecamberϕisϕrelatedϕtoϕthe
"major" principalϕaxisϕyϕorϕu,ϕtheϕcolumnϕtitleϕchangesϕto wc,y or wc,u. Aϕpositiveϕprecamberϕmustϕbe
entered,ϕifϕitϕisϕdirected against theϕlocalϕmemberϕaxisϕz (as aϕruleϕwhenϕglobalϕaxisϕZϕisϕdownwards
oriented). Theϕprecamberϕisϕonlyϕconsideredϕforϕquasi-permanentϕdesignϕsituations (see Chapter
2.1.2 )!

Forϕaϕcorrectϕapplicationϕofϕlimitϕdeformations,ϕthe Beam Type isϕalsoϕimportant. InϕcolumnϕG,ϕyouϕcan
specifyϕwhetherϕaϕbeamϕorϕaϕcantileverϕisϕtoϕbeϕdesignedϕandϕwhichϕendϕisϕfreeϕofϕsupport.

Theϕsettingϕinϕthe Serviceability tabϕofϕthe Details dialogϕboxϕindicatesϕwhetherϕtheϕdeformationsϕare
relatedϕtoϕtheϕundeformedϕsystemϕorϕtoϕshiftedϕmembersϕends/setϕofϕmembersϕends (see Figure 3.4 ).

Fire Resistance - Members2.10

Thisϕwindowϕmanagesϕtheϕfireϕprotectionϕparametersϕforϕmembers. Itϕisϕdisplayedϕifϕcorrespondingϕdata
hasϕbeenϕsetϕinϕthe Fire Resistance tabϕofϕWindowϕ1.1 (see Chapter 2.1.3 ).

TheϕfireϕresistanceϕdesignϕperformedϕwithϕRF-/STEELϕEC3ϕisϕdescribedϕinϕtheϕfollowingϕarticleϕofϕthe
Knowledge Base onϕourϕwebsite: In Chapter 8.2 , youϕcanϕfindϕanϕexampleϕdescribingϕtheϕfire
protectionϕdesignϕofϕaϕsteelϕcolumn.

Figure 2.38 Window 1.10 Fire Resistance - Members

InϕcolumnϕA,ϕyouϕdecideϕforϕwhichϕmembersϕyouϕwantϕtoϕperformϕaϕfireϕresistanceϕdesign. Withϕthe
buttonϕyouϕcanϕselectϕtheϕmembersϕgraphicallyϕinϕtheϕworkϕwindowϕofϕRFEMϕorϕRSTAB.
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Designsϕareϕonlyϕpossibleϕforϕmembersϕthatϕhaveϕbeenϕselectedϕforϕdesignϕinϕthe 1.1 General Data
window (see Figure 2.2 ).

The Required time tfi,requ ofϕtheϕfireϕresistanceϕisϕsetϕaccordingϕtoϕtheϕspecificationϕinϕthe Details dialog
box (see Figure 3.5 ). Ifϕtheϕoption Define individually for each member isϕsetϕthere,ϕtheϕfieldsϕof
columnϕBϕbecomeϕaccessibleϕforϕuser-definedϕfireϕdurations.

InϕcolumnϕC,ϕyouϕdefineϕtheϕnumberϕofϕcross-sectionϕsidesϕthatϕareϕexposedϕtoϕfire. The Fire Exposure
affectsϕtheϕdeterminationϕofϕtheϕsectionϕfactorsϕaccordingϕto [2] Tableϕ4.2ϕandϕTableϕ4.3.

Theϕfollowingϕarticleϕinϕthe Knowledge Base describesϕhowϕtheϕshadowingϕeffectϕcanϕbeϕconsidered:

Ifϕthereϕisϕanϕencasementϕforϕfireϕprotection,ϕyouϕcanϕselectϕthe Protection Type inϕcolumnϕE. Youϕcan
chooseϕbetweenϕaϕcontour-typeϕcoatingϕthatϕfollowsϕtheϕgeometryϕofϕtheϕcross-section (plaster orϕpanel
coatings,ϕfor example) andϕaϕhollow-typeϕboardϕencasementϕofϕtheϕcross-section. Then,ϕtheϕparameters
mustϕbeϕspecifiedϕinϕcolumnsϕFϕtoϕI.

Theϕgeneralϕparametersϕforϕtheϕfireϕresistanceϕdesignϕareϕmanagedϕinϕthe Fire Resistance tabϕofϕthe
Details dialogϕbox (see Figure 3.5 ).

Fire Resistance - Sets of Members2.11

Thisϕwindowϕmanagesϕtheϕfireϕprotectionϕparametersϕforϕsetsϕofϕmembers. Itϕisϕdisplayedϕifϕatϕleastϕone
setϕofϕmembersϕisϕselectedϕforϕdesignϕinϕthe 1.1 General Data windowϕandϕcorrespondingϕdataϕisϕsetϕin
the Fire Resistance tab (see Chapter 2.1.3 ).

Figure 2.39 Window 1.11 Fire Resistance - Sets of Members

TheϕconceptϕofϕtheϕwindowϕisϕsimilarϕtoϕtheϕpreviousϕWindow 1.10 Fire Resistance - Members. Here,
youϕcanϕenterϕtheϕfireϕprotectionϕparametersϕofϕtheϕrelevantϕsetsϕofϕmembersϕasϕdescribedϕin Chapter
2.10 .
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Parameters - Members2.12

Thisϕwindowϕallowsϕyouϕtoϕenterϕspecificationsϕforϕbeamsϕthatϕareϕlaterallyϕsupportedϕbyϕsheetingϕor
purlins (see [3] clauseϕ10.1ϕand 10.3).

Theϕupperϕsectionϕlistsϕtheϕmembersϕselectedϕforϕdesignϕtogetherϕwithϕtheϕparametersϕaffectingϕthe
lateral-torsionalϕbucklingϕanalysis. Theϕparametersϕareϕinteractiveϕwithϕtheϕspecificationsϕinϕthe Settings -
Member No. sectionϕbelow.

Toϕtheϕrightϕofϕthe Settings table,ϕyouϕcanϕseeϕinformationϕorϕoptionsϕforϕselectionϕinϕtheϕformϕofϕa
graphic facilitatingϕtheϕdefinitionϕofϕboundaryϕconditions. Thisϕgraphicϕisϕalignedϕwithϕtheϕcurrent
parameter.

Figure 2.40 Window 1.12 Parameters - Members

Belowϕthe Settings table,ϕyouϕfindϕtheϕcheckϕbox Set input for members No. Whenϕyouϕselectϕit,ϕthe
subsequent settingsϕwillϕbeϕappliedϕto All membersϕorϕtoϕselectedϕmembers (enter theϕmember
numbersϕmanuallyϕorϕselectϕthemϕgraphicallyϕwith ). Thisϕoptionϕisϕusefulϕifϕyouϕwantϕtoϕassignϕthe
sameϕboundaryϕconditionsϕtoϕseveralϕmembers.

Inϕthe Comment column,ϕyouϕcanϕenterϕuser-definedϕnotes,ϕforϕexample,ϕtoϕdescribeϕtheϕparametersϕof
aϕmember,ϕwhichϕareϕrelevantϕforϕlateral-torsionalϕbuckling.

Cross-section

Thisϕrowϕshowsϕtheϕcross-sectionϕdescriptionϕforϕinformation. Forϕaϕtaperedϕmember,ϕtheϕdescriptionsϕof
theϕstartϕandϕendϕcross-sectionϕareϕdisplayed.
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Shear Panel

Toϕenterϕtheϕshearϕpanelϕparameters,ϕselectϕtheϕcheckϕboxϕinϕcolumnϕAϕorϕthe Settings table.

Youϕcanϕselectϕtheϕshearϕpanelϕtypeϕinϕtheϕdrop-downϕlist.

Figure 2.41 Selectingϕtheϕshearϕpanelϕtype

Trapezoidal sheeting

TheϕapplicationϕofϕaϕcontinuousϕlateralϕsupportϕisϕdescribedϕinϕENϕ1993-1-1 [1] , AnnexϕBB.2.1ϕand
ENϕ1993-1-3 [3] clauseϕ10.1.5.1.

Toϕdetermineϕtheϕshearϕpanelϕstiffnessϕofϕaϕtrapezoidalϕsheeting (corrugated sheet), theϕfollowing
specificationsϕareϕrequired (see Figure 2.40 ):

Shearϕpanelϕlength lS

Beamϕspacing s

Positionϕofϕtrapezoidalϕsheetingϕonϕsection

Trapezoidalϕsheetingϕdescription

Fasteningϕarrangement

Youϕcanϕenterϕthe Shear panel length andϕthe Beam spacing manually.ϕYouϕcanϕalsoϕselectϕthem
graphicallyϕwith . Thisϕbuttonϕbecomesϕavailableϕasϕsoonϕasϕtheϕcursorϕisϕplacedϕinϕoneϕofϕtheseϕtext
boxes. Then,ϕyouϕcanϕselectϕtwoϕsnapϕpointsϕinϕtheϕRFEM/RSTABϕworkϕwindow,ϕdefiningϕtheϕshear
panelϕorϕtheϕbeamϕspacing.

The Position on section ofϕtheϕtrapezoidalϕsheetingϕcanϕbeϕconsideredϕinϕdifferentϕwaysϕbyϕmeansϕofϕthe
listϕshownϕonϕtheϕleft. Ifϕtheϕenteredϕdataϕisϕuser-defined,ϕtheϕdistance d isϕrelatedϕtoϕtheϕcentroid;ϕthe
signϕresultsϕfromϕtheϕorientationϕofϕtheϕcross-section'sϕz-axis.

Toϕaccessϕtheϕcorrugatedϕsheetsϕlibrary,ϕclickϕthe button thatϕbecomesϕavailableϕafterϕclickingϕinϕthe
Trapezoidal sheeting description textϕbox (see Figure 2.40 ). Theϕcross-sectionϕlibraryϕofϕRFEMϕor
RSTABϕappears (see Figure 2.42 ) whereϕyouϕcanϕselectϕtheϕtrapezoidalϕsheetingϕbyϕdouble-clickϕor
with [OK]. Thus,ϕthe Shear panel coefficients K1 and K2 (according toϕtheϕapproval certificate) willϕbe
automaticallyϕenteredϕinϕthe Settings table. Theϕbasicϕwidth b ofϕtheϕtrapezoidalϕsheetingϕindicatedϕin
theϕcross-sectionϕdatabaseϕhasϕnoϕinfluenceϕonϕtheseϕcoefficients.

The Fastening arrangement forϕtheϕtrapezoidalϕsectionϕaffectsϕtheϕshearϕstiffnessϕthatϕtheϕsheeting
providesϕtoϕtheϕbeam. Ifϕtheϕtrapezoidalϕsheetingϕisϕfastenedϕonlyϕinϕeveryϕsecondϕrib,ϕtheϕshearϕstiffness
toϕbeϕappliedϕisϕreducedϕbyϕtheϕfactorϕ5.
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Figure 2.42 Cross-sectionϕlibraryϕfor Rolled Cross-Sections - Corrugated Sheets

Bracing

Figure 2.43 Shearϕpanelϕtype Bracing

Toϕdetermineϕtheϕprovidedϕshearϕpanelϕstiffness,ϕtheϕfollowingϕspecificationsϕareϕrequired:

Shearϕpanelϕlength lS

Beamϕspacing s

Positionϕofϕbracingϕonϕsection

Postϕspacing b

Numberϕofϕbracings

Sectionϕofϕdiagonals

Sectionϕofϕposts
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Youϕcanϕenterϕthe Shear panel length, the Beam spacing, andϕthe Post spacing manually.ϕYouϕcanϕalso
selectϕthemϕgraphicallyϕwith . Thisϕbuttonϕbecomesϕavailableϕasϕsoonϕasϕtheϕcursorϕisϕplacedϕinϕone
ofϕtheseϕtextϕboxes. Then,ϕyouϕcanϕselectϕtwoϕpointsϕinϕtheϕRFEM/RSTABϕworkϕwindow,ϕdefiningϕthe
shearϕpanelϕorϕtheϕspacings.

Theϕbracing's Position on section canϕbeϕconsideredϕinϕdifferentϕwaysϕbyϕmeansϕofϕtheϕlistϕshownϕonϕthe
left. Ifϕtheϕenteredϕdataϕisϕuser-defined,ϕtheϕdistance d isϕrelatedϕtoϕtheϕcentroid;ϕtheϕsignϕresultsϕfromϕthe
orientationϕofϕtheϕcross-section'sϕz-axis.

Theϕeasiestϕwayϕtoϕdefineϕtheϕcross-sectionalϕareasϕofϕtheϕdiagonalsϕandϕpostsϕisϕtoϕselectϕthe Section
Description inϕtheϕcross-sectionϕlibraryϕofϕRFEM/RSTAB. Youϕcanϕaccessϕthisϕlibraryϕwithϕthe button
availableϕatϕtheϕendϕofϕtheϕtextϕbox. Then,ϕthe CS-Area willϕbeϕimportedϕautomatically. Butϕyouϕcan
alsoϕenterϕtheϕvalueϕdirectly.

Trapezoidal sheeting and bracing

Figure 2.44 Shearϕpanelϕtype Trapezoidal sheeting and bracing

Toϕdetermineϕtheϕprovidedϕshearϕpanelϕstiffnessϕdueϕtoϕtheϕtrapezoidalϕsheetingϕandϕbracing,ϕthe
followingϕspecificationsϕareϕrequired:

Shearϕpanelϕlength lS

Beamϕspacing s

Positionϕofϕshearϕpanelϕonϕsection

Trapezoidalϕsheetingϕdescription

Fasteningϕarrangement

Postϕspacing b

Numberϕofϕbracings

Sectionϕofϕdiagonals

Sectionϕofϕposts

Thisϕwayϕofϕdefiningϕtheϕshearϕpanelϕcombinesϕtheϕparametersϕofϕtheϕaforementionedϕoptions
Trapezoidal sheeting and Bracing .
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Define S-prov

Figure 2.45 Shearϕpanelϕstiffness Define S-prov

Theϕvalueϕofϕtheϕprovided Shear panel stiffness Sprov canϕbeϕenteredϕalsoϕdirectly.

Inϕaddition,ϕtheϕshearϕpanel's Position on section mustϕbeϕspecified.

Rotational Restraint

Toϕenterϕtheϕrotationalϕrestraintϕparameters,ϕselectϕtheϕcheckϕboxϕinϕcolumnϕBϕorϕinϕthe Settings table.

Youϕcanϕselectϕtheϕtypeϕofϕtheϕrotationalϕrestraintϕinϕtheϕdrop-downϕlist.

Figure 2.46 Selectingϕtheϕtypeϕofϕrotationalϕrestraint

Continuous rotational restraint

Toϕdetermineϕtheϕstiffnessϕcomponentsϕfromϕaϕcorrugatedϕsheetϕandϕtheϕconnectionϕdeformation,ϕthe
followingϕspecificationsϕareϕrequired (see Figure 2.46 ):

Materialϕandϕdescriptionϕofϕtheϕcorrugatedϕsheet

Methodϕofϕdetermining CD,A

Beamϕspacing s

Continuousϕbeamϕeffect
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Toϕaccessϕtheϕcorrugatedϕsheetsϕlibrary,ϕclickϕthe buttonϕthatϕisϕdisplayedϕafterϕclickingϕinϕthe
Component description textϕbox (see Figure 2.44 ). Theϕcross-sectionϕlibraryϕofϕRFEMϕorϕRSTAB
appears (see Figure 2.42 ) whereϕyouϕcanϕselectϕtheϕcorrugatedϕsheetϕbyϕdouble-clickingϕorϕwith
[OK]. Theϕsectionϕparametersϕof Sheeting thickness t, Position of sheeting, effective Second moment of
area forϕtheϕdownwardϕloadingϕdirection, Distance of ribs bR (corrugation width), and Width of the
flange bT areϕimportedϕautomatically.

Whenϕtheϕcontinuousϕrotationalϕrestraintϕisϕset,ϕyouϕalsoϕhaveϕtoϕconsiderϕtheϕdeformationϕofϕthe
connection. Inϕtheϕentryϕfor Method of determining CD,A, youϕcanϕenterϕtheϕspringϕstiffness C100 forϕthe
individualϕloadϕcasesϕandϕcombinations.ϕItϕisϕalsoϕpossibleϕtoϕdetermineϕitϕbyϕtheϕprogramϕaccordingϕto
[3] Tableϕ10.3. Toϕdetermineϕitϕautomatically,ϕuseϕthe button thatϕappearsϕafterϕclickingϕinϕtheϕtext
boxϕofϕtheϕrow C100. Aϕdialogϕboxϕopensϕwhereϕyouϕcanϕselectϕtheϕappropriateϕcoefficient.

Figure 2.47 Dialogϕbox Import of Coefficient C-100 from Table 10.3, EN 1993-1-3

Whenϕyouϕclick [OK], thisϕvalueϕwillϕbeϕassignedϕtoϕallϕloadϕcasesϕandϕcombinationsϕthatϕareϕselected
forϕdesign. Ifϕyouϕwantϕtoϕassignϕtheϕcoefficientϕbyϕloadϕcase,ϕyouϕhaveϕtoϕopenϕthe Import of
Coefficient dialogϕboxϕviaϕthe C100 textϕboxesϕofϕtheϕindividualϕloadϕcasesϕandϕcombinations.

Youϕcanϕalsoϕdefineϕthe Beam spacing manuallyϕorϕgraphicallyϕwithϕthe button. Inϕtheϕworkϕwindow
ofϕRFEMϕorϕRSTAB,ϕclickϕtwoϕnodesϕdefiningϕtheϕdistanceϕbetweenϕtheϕbeams.

The Continuous beam effect hasϕanϕimpactϕonϕtheϕcoefficient k ofϕtheϕrotationalϕrestraint CD,C thatϕcan
beϕcontrolledϕbyϕtheϕlistϕofϕthisϕtableϕrow (End panel: kϕ=ϕ2, Internal panel: kϕ= 4).
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Discrete rotational restraint

Figure 2.48 Discrete typeϕofϕrotationalϕrestraint

Toϕdetermineϕtheϕstiffnessϕcomponentϕfromϕsingleϕsupports,ϕforϕexampleϕpurlins,ϕtheϕfollowing
specificationsϕareϕrequired:

Materialϕandϕdescriptionϕofϕtheϕcross-section

Purlinϕspacing e

Beamϕspacing s

Continuousϕbeamϕeffect

The Material andϕthe Cross-section description canϕeachϕbeϕselectedϕinϕtheϕlibraryϕofϕRFEMϕorϕRSTAB
thatϕyouϕaccessϕwithϕthe button. Activateϕtheϕrelevantϕtextϕboxϕbyϕclickingϕinϕit.

Youϕcanϕenterϕthe Purlin spacing andϕthe Beam spacing manuallyϕorϕgraphicallyϕwithϕthe button. In
theϕRFEM/RSTABϕworkϕwindow,ϕclickϕtwoϕnodesϕdefiningϕtheϕdistanceϕbetweenϕtheϕpurlinsϕor
horizontalϕbeams.

The Continuous beam effect hasϕanϕimpactϕonϕtheϕcoefficient k ofϕtheϕrotationalϕrestraint CD,C thatϕcan
beϕcontrolledϕbyϕtheϕlistϕofϕthisϕtableϕrow (End panel: kϕ=ϕ2, Internal panel: kϕ= 4).

Define Manually

Figure 2.49 Define Manually theϕrotationalϕspringϕstiffness

Youϕcanϕalsoϕdirectlyϕenterϕtheϕvalueϕofϕtheϕprovided Total Rotational Spring Stiffness CD.
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Cross-sectional area for tension design

Figure 2.50 Definingϕthe Cross-sectional area for tension design

Accordingϕto [1] clauseϕ6.2.3,ϕsectionϕreductionsϕdueϕtoϕholesϕmustϕbeϕconsideredϕinϕtheϕtensile
stressϕdesign. Youϕcanϕdefineϕthe Net Cross-Sectional Area Anet separatelyϕforϕthe Start and End ofϕthe
memberϕ-ϕfastenersϕareϕusuallyϕlocatedϕatϕtheseϕtwoϕx-locations. Theϕtableϕalsoϕshowsϕtheϕgross
cross-sectionalϕarea A.

Parameters - Sets of Members2.13

Thisϕwindowϕappearsϕifϕatϕleastϕoneϕsetϕofϕmembersϕisϕselectedϕforϕdesignϕinϕthe 1.1 General Data
window.

Figure 2.51 Window 1.13 Parameters - Sets of Members

TheϕconceptϕofϕthisϕwindowϕisϕsimilarϕtoϕtheϕpreviousϕWindow 1.12 Parameters - Members. Here,ϕyou
canϕdefineϕtheϕparametersϕforϕshearϕpanelϕandϕrotationalϕrestraintϕforϕeachϕsetϕofϕmembersϕas
describedϕin Chapter 2.12 .
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Warping analysis with seven degrees of freedom

Ifϕsetsϕofϕmembersϕareϕanalyzedϕaccordingϕtoϕtheϕsecond-orderϕanalysisϕforϕflexural-torsionalϕbuckling
withϕwarpingϕtorsion (see Warping Torsion tabϕof Details dialog box), youϕcanϕdefineϕprecambers
additionallyϕinϕthisϕwindow: Theϕeigenshapeϕhasϕaϕstrongϕimpactϕonϕtheϕwarpingϕanalysisϕthatϕis
performedϕbyϕtakingϕintoϕaccountϕsevenϕdegreesϕofϕfreedom. Windowϕ1.13ϕisϕextendedϕaccordingly
forϕthisϕinput.

Theϕwarpingϕanalysisϕrequiresϕaϕlicenseϕofϕthe RF-/STEEL Warping Torsion moduleϕextension.

Figure 2.52 Window 1.13 Parameters - Sets of Members forϕwarpingϕanalysisϕwithϕsevenϕdegreesϕofϕfreedom

Basedϕonϕtheϕboundaryϕconditions,ϕRF-/STEELϕEC3ϕdeterminesϕtheϕeigenshapesϕofϕtheϕsetsϕofϕmembers
beforeϕtheϕactualϕcalculationϕisϕcarriedϕout. Theyϕwillϕbeϕconsideredϕaccordinglyϕforϕfurtherϕanalysis.

InϕcolumnϕC,ϕyouϕenterϕthe Initial Local Bow Imperfection relativeϕtoϕtheϕlengthϕofϕtheϕsetϕofϕmembers.
TheϕmostϕunfavorableϕvalueϕL/150ϕaccordingϕto [1] Tableϕ5.1ϕisϕpreset. Thisϕvalueϕcanϕbeϕadjusted
toϕtheϕcross-section'sϕbucklingϕcurveϕbyϕtakingϕintoϕaccountϕtheϕcoefficient k forϕmemberϕimperfections
accordingϕto [1] 5.3.4 (3).

Theϕlengthϕofϕtheϕentireϕsetϕofϕmembersϕisϕpresetϕasϕtheϕreferenceϕlength. Asϕsoonϕasϕthe L Manually
checkϕboxϕhasϕbeenϕselected,ϕtheϕlengthϕcanϕbeϕuser-definedϕinϕcolumnϕE,ϕforϕexampleϕtoϕconsider
lateralϕsupports.

Findϕmoreϕinformationϕaboutϕtheϕapplicationϕofϕbowϕimperfectionsϕinϕthe RF-FE-LTB manual onϕour
website.
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Local Transverse Forces2.14

Thisϕinputϕscreenϕisϕdisplayedϕwhenϕtheϕtwoϕcheckϕboxesϕinϕthe Web Stiffening and Local Transverse
Forces sectionϕinϕthe Cold-Formed sectionϕofϕthe Details dialogϕbox (see Chapter 3.1.7 ) are
selected. InϕWindowϕ1.14,ϕyouϕcanϕdefineϕtheϕparametersϕthatϕareϕrequiredϕforϕtheϕlocalϕtransverse
forceϕdesignϕaccordingϕtoϕENϕ1993-1-3 [3] 6.1.7ϕforϕcold-formedϕsections. Thisϕdesignϕensuresϕthat
thereϕisϕnoϕcompressionϕorϕbucklingϕofϕtheϕwebϕdueϕtoϕlocalϕtransverseϕforcesϕthroughϕtheϕflangeϕinto
theϕweb. Inϕcaseϕofϕaϕcombinedϕloadingϕfromϕbendingϕandϕlocalϕtransverseϕforces,ϕitϕisϕalsoϕexamined
whetherϕtheϕconditionsϕspecifiedϕinϕENϕ1993-1-3 [3] 6.1.11ϕareϕmet.

Theϕlocalϕtransverseϕforceϕdesignϕisϕonlyϕpossibleϕforϕcross-sectionsϕwithϕnon-stiffenedϕwebsϕaccording
to [3] 6.1.7.2ϕandϕ6.1.7.3. Webϕcross-sectionsϕwithϕlongitudinalϕstiffenings cannot beϕdesigned
accordingϕto [3] 6.1.7.4.

Figure 2.53 Window 1.14 Local Transverse Forces

Inϕtheϕupperϕpartϕofϕtheϕwindow,ϕyouϕcanϕspecifyϕforϕwhichϕmembersϕtheϕlocalϕtransverseϕforceϕdesign
shouldϕbeϕperformedϕandϕwhichϕlengthϕofϕtheϕstiffϕbearingϕisϕtoϕbeϕappliedϕinϕeachϕcase. Ifϕyouϕenter
theϕtransverseϕforcesϕmanually,ϕyouϕcanϕsetϕspecificϕsettingsϕforϕtheϕmemberϕselectedϕaboveϕinϕthe
Settings section.

Theϕconsiderationϕofϕthe Transverse Forces isϕactivatedϕforϕallϕmembersϕbyϕdefault. Thus,ϕtheϕshearϕforce
distributionϕisϕusedϕforϕtheϕdesignϕofϕtheϕwebϕloadingϕforϕlocalϕloadϕapplication. Ifϕtheϕcheckϕboxϕin
columnϕAϕisϕclearedϕinϕoneϕrow,ϕthisϕdesignϕisϕomittedϕforϕtheϕcorrespondingϕmember.

Duringϕtheϕdesign,ϕtheϕlocationsϕofϕdiscontinuityϕresultingϕfromϕtheϕshearϕforceϕdistributionϕareϕanalyzed.
Allϕparametersϕforϕdeterminingϕtheϕwebϕresistance Rw,Rd areϕdeterminedϕautomatically;ϕthe Nominal
length of stiff bearing ss isϕpresetϕtoϕ0.10ϕm,ϕbutϕcanϕbeϕadjustedϕgloballyϕforϕeachϕmember. Ifϕthe
internalϕforceϕdistributionϕofϕaϕmemberϕdoesϕnotϕrepresentϕtheϕactualϕconditions,ϕtheϕintroducedϕload
canϕbeϕdefinedϕindividually. Toϕdoϕthis,ϕactivate Manual input inϕcolumnϕB. Inϕdoingϕso,ϕadditional
fieldsϕinϕtheϕtableϕandϕinϕthe Settings becomeϕaccessible.

The Number ofϕshearϕloadsϕdeterminesϕhowϕmanyϕdesignϕlocationsϕexistϕonϕtheϕmember. Inϕthe Local
Transverse Forces columns,ϕyouϕcanϕdefineϕpositions x forϕwhichϕyouϕwantϕtoϕperformϕanϕanalysis.
Theseϕlocationsϕcanϕbeϕarrangedϕanywhereϕonϕtheϕmember: Theϕdesignϕonlyϕusesϕtheϕparametersϕthat
haveϕtoϕbeϕdefinedϕforϕeachϕpositionϕinϕthe Settings section.
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Whenϕenteringϕtheϕdataϕmanually,ϕspecifyϕtheϕdesignϕvalueϕofϕthe Transverse Force FEd. Ifϕthereϕis
Influence of Free End, theϕresistanceϕofϕtheϕweb Rw,Rd forϕtheϕgeometryϕconditionϕc ≤ 1.5 hw is
determined,ϕforϕexample,ϕaccordingϕto [3] Equation (6.15a), (6.15b), or (6.15c); forϕcross-sections
withϕtwoϕorϕmoreϕstiffenedϕwebs,ϕcategoryϕ1ϕaccordingϕto [3] Figureϕ6.9ϕisϕapplied. Whenϕtheϕcheck
boxϕisϕcleared, [3] Equation (6.15d) or (6.15e) isϕused. The Influence of Opposing Force or Support
checkϕboxϕcontrolsϕwhetherϕtheϕdesignϕisϕperformedϕaccordingϕto [3] Figureϕ6.1 a) orϕFigureϕ6.7 b)
forϕcross-sectionsϕwithϕonlyϕoneϕweb. Ifϕitϕisϕselected,ϕaϕdistanceϕe ≤ 1.5 hw isϕassumed. Cross-sections
withϕtwoϕwebsϕareϕclassifiedϕinϕcategoryϕ1 (see [3] Figure 6.9). The Prevented web rotation check
boxϕcontrolsϕwhetherϕtheϕresistanceϕofϕtheϕweb Rw,Rd isϕdeterminedϕwithϕequationsϕaccordingϕto [3]
6.1.7.2(4). Forϕeachϕposition,ϕthe Nominal length of stiff bearing ss canϕbeϕspecifiedϕbyϕtheϕuser. When
designingϕaϕcross-sectionϕwithϕtwoϕwebs,ϕthe Ratio of shear forces VEd,2/VEd,1 withϕwhichϕtheϕeffective
supportϕlength la isϕcalculatedϕaccordingϕto [3] 6.1.7.3(4) forϕcategoryϕ2,ϕhasϕtoϕbeϕspecifiedϕas
well. βv isϕdeterminedϕasϕfollows:

b v

1
VEd 2

VEd 1

1
VEd 2

VEd 1

Anϕexampleϕofϕlocalϕloadϕintroductionϕdesignϕisϕpresentedϕinϕaϕtechnicalϕarticleϕthatϕcanϕbeϕfoundϕinϕthe
Knowledge Base onϕourϕwebsite.

Ifϕaϕcontinuousϕbeamϕexists,ϕtheϕdesignϕmustϕbeϕperformedϕonϕthe set of members: Theϕforce FEd,
whichϕisϕgoverningϕforϕdesigningϕlocalϕtransverseϕforces,ϕisϕthusϕcorrectlyϕdeterminedϕforϕthe
intermediateϕsupports.
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Calculation3

Detailed Settings3.1

TheϕdesignsϕareϕbasedϕonϕtheϕinternalϕforcesϕdeterminedϕinϕRFEMϕorϕRSTAB.

Beforeϕyouϕstartϕtheϕcalculation,ϕitϕisϕrecommendedϕtoϕcheckϕtheϕdesignϕdetails. Youϕcanϕaccessϕthe
correspondingϕdialogϕboxϕinϕallϕwindowsϕofϕtheϕadd-onϕmoduleϕbyϕusingϕthe [Details] button.

The Details dialogϕboxϕhasϕtheϕfollowingϕtabs:

Ultimateϕlimitϕstate
Stability
Serviceability
Fireϕresistance
Warpingϕtorsion
Plasticity
Cold-Formed
General

Ultimate Limit State3.1.1

Figure 3.1 Dialogϕbox Details, tab Ultimate Limit State
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Classification of Cross-Sections

Ifϕstressesϕfromϕcompressionϕandϕbendingϕoccurϕtogetherϕinϕaϕcross-section,ϕyouϕcanϕdetermineϕthe
stress-strainϕratio ψ takingϕintoϕaccountϕtheϕcompressionϕzoneϕfactor α inϕtwoϕways (factor ψ isϕrequired
forϕtheϕdeterminationϕofϕtheϕc/t-ratioϕaccordingϕto [1] Table 5.2):

Fixed NEd, increase MEd toϕreach fyd
Onlyϕtheϕstressϕcomponentϕfromϕbendingϕisϕincreasedϕtoϕreachϕtheϕyieldϕstrength.
Increase NEd and MEd uniformly
Theϕstressϕcomponentsϕfromϕaxialϕforceϕandϕbendingϕareϕincreasedϕuniformlyϕuntilϕtheϕyieldϕstrength
fyd isϕreached.

Youϕcanϕaccessϕtheϕcheckϕbox For limit c/t of Class 3, increase material factor ε acc. to 5.5.2(9) ifϕthe
stabilityϕanalysisϕinϕthe Stability tabϕisϕdeactivated. Thisϕisϕbasedϕonϕtheϕspecificationsϕforϕclassification
in [1] clauseϕ5.5.2 (10). Withϕtheϕstabilityϕanalysisϕbeingϕdeactivated,ϕitϕisϕpossibleϕtoϕhandle
cross-sectionsϕclassifiedϕasϕclassϕ4ϕlikeϕcross-sectionsϕofϕclassϕ3ϕbyϕincreasingϕtheϕfactor ε.

Ifϕyouϕselectϕtheϕoption Use SHAPE-THIN for classification of all supported cross-section types, the
effectiveϕcross-sectionϕvaluesϕofϕclassϕ4ϕsectionsϕwillϕbeϕcalculatedϕbyϕtheϕmethodϕusedϕinϕtheϕcross-
sectionϕprogramϕSHAPE-THIN. Forϕcross-sectionsϕclassifiedϕasϕ'General' (belonging neitherϕtoϕaϕrolled
norϕaϕparametrizedϕcross-section table), theϕclassificationϕwillϕgenerallyϕbeϕperformedϕwith
SHAPE-THIN. Youϕcanϕdesignϕtheseϕcross-sectionsϕonlyϕelasticallyϕasϕclassϕ3ϕorϕclassϕ4ϕsections.

Optionally,ϕyouϕcan Determine effective widths according to EN 1993-1-5, Annex E. AnnexϕEϕof [5]
describesϕalternativeϕmethodsϕforϕdeterminingϕtheϕeffectiveϕcross-sectionϕareasϕforϕstressesϕbelowϕthe
yieldϕstrength (see alsoϕtheϕarticleϕinϕthe Knowledge Base onϕour website).

Ifϕyouϕwantϕto Calculate effective cross-section acc. to EN 1993-1-5, part 4.5 forϕstiffenedϕbuckling
panels,ϕselectϕtheϕcorrespondingϕcheckϕbox. ThisϕoptionϕonlyϕaffectsϕSHAPE-THINϕsectionsϕforϕwhich
bucklingϕpanelsϕandϕstiffenersϕhaveϕbeenϕdefined.

Theϕwidth/thicknessϕratiosϕrelevantϕforϕtheϕclassificationϕcanϕcauseϕproblemsϕforϕcross-sectionsϕwith
curvedϕelementsϕfromϕSHAPE-THIN. Theϕcheckϕbox Ignore classification of curved parts allowsϕyouϕto
excludeϕshortϕfilletϕarcsϕfromϕtheϕclassificationϕasϕsoonϕasϕtheϕuser-definedϕc/t-ratioϕisϕbelowϕtheϕlimit
(see theϕarticleϕinϕthe Knowledge Base ). Then,ϕlongitudinalϕribsϕorϕfoldsϕandϕgroovesϕofϕsheeting
haveϕnoϕinfluenceϕonϕtheϕdesign.

Options

Cross-sectionsϕassignedϕtoϕclassϕ1ϕorϕ2ϕareϕdesignedϕplasticallyϕbyϕRF-/STEELϕEC3. Ifϕthisϕisϕnotϕdesired,
youϕcanϕactivateϕthe Elastic design alsoϕforϕthoseϕcross-sectionϕclasses.

Stability Analyses with Second-Order Internal Forces

Ifϕtheϕstabilityϕanalysesϕareϕnotϕperformedϕwithϕtheϕequivalentϕmemberϕmethodϕaccordingϕto [1]
clauseϕ6.3ϕbutϕwithϕtheϕinternalϕforcesϕcalculatedϕaccordingϕtoϕtheϕsecondϕorderϕtheory,ϕyouϕcanϕuse
thisϕcheckϕboxϕtoϕdecideϕifϕfactor γM1 (instead of γM0) isϕusedϕforϕtheϕcross-sectionϕdesigns.

Theϕpartialϕsafetyϕfactor γM1 isϕrelevantϕforϕtheϕresistanceϕdeterminationϕinϕcaseϕofϕinstability (structural
component check). Youϕcanϕcheckϕand,ϕifϕnecessary,ϕmodifyϕitϕinϕthe National Annex Settings dialog
box (see Chapter 2.10 ).

Findϕmoreϕinformationϕonϕstabilityϕanalysesϕinϕanϕarticleϕofϕthe Knowledge Base atϕourϕwebsite.

Cross-Section Check for M+N

Theϕcheckϕbox Use linear interaction acc. to 6.2.1(7) determinesϕwhetherϕtoϕuseϕaϕlinearϕadditionϕof
theϕutilizationϕratiosϕforϕtheϕmomentsϕandϕaxialϕforcesϕaccordingϕto [1] , Eq. (6.2), orϕEq. (6.44) as
conservativeϕapproximationϕforϕtheϕresistanceϕverificationϕofϕtheϕcross-section.
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Cross-Section with Class 4 and Torsion

Inϕtheϕinputϕfield,ϕyouϕcanϕdefineϕtheϕshearϕstressϕcomponentϕfromϕtorsionϕupϕtoϕwhichϕtheϕtorsional
stressesϕareϕneglectedϕinϕtheϕcross-sectionϕdesign. Soϕitϕisϕpossibleϕtoϕsuppressϕwarningsϕofϕoversized
torsionalϕstressesϕforϕcross-sectionsϕofϕclassϕ4.

Stability3.1.2

Figure 3.2 Dialogϕbox Details, tab Stability

Stability Analysis

The Perform stability analysis checkϕboxϕcontrolsϕwhetherϕtoϕrunϕaϕstabilityϕanalysisϕinϕadditionϕtoϕthe
cross-sectionϕdesigns. Ifϕyouϕclearϕtheϕcheckϕbox,ϕWindowsϕ1.4ϕtoϕ1.8ϕareϕnotϕdisplayed.

Whenϕtheϕcheckϕboxϕisϕselected,ϕyouϕcanϕdefineϕtheϕaxesϕrelevantϕforϕtheϕanalysisϕof Flexural buckling
according to 6.3 of [1] .

Furthermore,ϕitϕisϕpossibleϕtoϕconsider second-order effects acc. to 5.2.2(4) byϕaϕfactorϕforϕbending
momentsϕthatϕcanϕbeϕdefinedϕmanually. Inϕthisϕway,ϕforϕexample,ϕwhenϕdesigningϕaϕframeϕwithϕits
governingϕbucklingϕmodeϕrepresentedϕbyϕlateralϕdisplacement,ϕyouϕcanϕdetermineϕtheϕinternalϕforces
accordingϕtoϕlinearϕstaticϕanalysisϕandϕincreaseϕthemϕbyϕappropriateϕfactors. Increasingϕtheϕbending
momentsϕdoesϕnotϕaffectϕtheϕflexural-bucklingϕanalysisϕaccordingϕto [1] clauseϕ6.3.1, whichϕis
performedϕwithϕtheϕaxialϕforces.
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Determination of Elastic Critical Moment for LTB

Byϕdefault,ϕRF-/STEELϕEC3ϕdeterminesϕtheϕelasticϕcriticalϕmoment Automatically by Eigenvalue Method.
Forϕtheϕcalculation,ϕtheϕprogramϕusesϕaϕfiniteϕmemberϕmodelϕtoϕdetermine Mcr takingϕintoϕaccountϕthe
followingϕitems:

Dimensionsϕofϕgrossϕcross-section
Loadϕtypeϕandϕpositionϕofϕloadϕapplicationϕpoint
Effectiveϕdistributionϕofϕmoments
Lateralϕrestraints (by support conditions)
Effectiveϕboundaryϕconditions

Youϕcanϕspecifyϕtheϕdegreesϕofϕfreedomϕbyϕtheϕfactors kz and kw (see Chapter 2.5 ).

Whenϕdeterminingϕtheϕelasticϕcriticalϕmoment Automatically by comparison of moment distribution,
factor C1 isϕdeterminedϕbyϕmeansϕofϕtheϕmomentϕdistribution. Clickϕthe [Info] buttonϕtoϕopenϕaϕdialog
boxϕshowingϕtheϕloadϕandϕmomentϕdistributions.

Figure 3.3 Dialogϕbox Moment Coefficients C1 for Determination of Lateral-Torsional Buckling Moments

The Tolerance for moment distribution inϕthisϕdialogϕboxϕallowsϕyouϕtoϕcontrolϕtheϕdegreeϕupϕtoϕwhich
deviationsϕareϕacceptableϕforϕtheϕmomentϕdistributions.

Theϕcoefficients C2 and C3 willϕbeϕdeterminedϕautomaticallyϕbyϕtheϕEigenvalueϕMethod,ϕifϕrequired.

3 Calculation

52



RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Mcr user-defined

Withϕtheϕoption Manual definition in Window 1.5, theϕtitleϕofϕcolumnϕJϕinϕWindowϕ1.5ϕchangesϕto Mcr
soϕthatϕyouϕcanϕenterϕtheϕelasticϕcriticalϕmomentϕforϕLTBϕdirectly.

If transverse loads areϕavailable,ϕitϕisϕimportantϕtoϕdefineϕtheϕlocationϕwhereϕtheseϕforcesϕareϕactingϕon
theϕcross-section: Dependingϕonϕtheϕloadϕapplication,ϕtransverseϕloadsϕcanϕbeϕstabilizingϕor
destabilizing,ϕandϕthusϕhaveϕaϕmajorϕimpactϕonϕtheϕelasticϕcriticalϕmoment.

Theϕsignsϕofϕtheϕeccentricitiesϕareϕrelatedϕtoϕtheϕcross-section'sϕshearϕcenterϕM. Anϕarticleϕinϕour
Knowledge Base providesϕmoreϕinformationϕaboutϕtheϕsignϕconventionϕforϕtransverseϕloads.

Model Type According to Table B.3

Accordingϕto [1] AnnexϕB,ϕTableϕB.3,ϕtheϕequivalentϕmomentϕfactorϕforϕstructuralϕcomponentsϕwith
bucklingϕinϕtheϕformϕofϕlateralϕdeflectionϕshouldϕbeϕassumedϕas Cmy =ϕ0.9ϕor Cmz =ϕ0.9. Bothϕcheck
boxesϕareϕclearedϕbyϕdefault. Ifϕtheyϕareϕselected,ϕtheϕprogramϕdeterminesϕtheϕfactors Cmy and Cmz
accordingϕtoϕtheϕcriteriaϕdefinedϕinϕTableϕB.3.

Limit Values for Stability Analysis

Small compression forces doϕnotϕallowϕforϕaϕcheckϕofϕpureϕbendingϕaccordingϕto [1] clauseϕ6.3.2. A
user-definedϕlimitϕratioϕof Nc,Ed / Npl allowsϕyouϕtoϕhideϕsmallϕcompressionϕforcesϕforϕthisϕdesign.

Toϕdesignϕasymmetricϕcross-sectionsϕwithϕtheϕintendedϕaxialϕcompressionϕaccordingϕto [1] clause
6.3.1,ϕyouϕcanϕanalogouslyϕneglect small moments aboutϕtheϕmajorϕandϕtheϕminorϕaxisϕwithϕtheϕsettings
definedϕinϕthisϕdialogϕsection.

Accordingϕto [1] clauseϕ6.3.4,ϕtheϕgeneralϕmethodϕisϕallowedϕforϕunsymmetricϕcross-sectionsϕor
taperedϕmembersϕonlyϕifϕtheyϕareϕsubjectedϕtoϕcompressionϕand/orϕuniaxialϕbendingϕinϕtheϕprincipal
plane. Inϕorderϕtoϕneglectϕaϕminorϕmomentϕloadingϕaboutϕtheϕminorϕaxis,ϕyouϕcanϕdefineϕaϕlimitϕforϕthe
momentsϕratio Mz,Ed / Mpl,z,Rd.

ScheduledϕTorsionϕisϕnotϕclearlyϕspecifiedϕin [1] . Ifϕthereϕisϕaϕtorsionalϕstressϕthatϕdoesϕnotϕexceedϕthe
predefinedϕratioϕofϕexistingϕshearϕstressϕto Limit shear stress due to torsion ofϕ5%,ϕitϕisϕneglectedϕforϕthe
stabilityϕanalysis. Inϕthisϕcase,ϕresultsϕforϕflexuralϕbucklingϕandϕlateral-torsionalϕbucklingϕareϕdisplayed.

Ifϕoneϕofϕtheϕlimitϕvaluesϕinϕthisϕdialogϕsectionϕisϕexceeded,ϕaϕnoteϕappearsϕinϕtheϕresultsϕwindow and
theϕprogramϕwon'tϕperformϕanyϕstabilityϕanalysis. However,ϕtheϕcross-sectionϕdesignsϕareϕperformed
independently. Theseϕlimitϕsettingsϕare not partϕofϕtheϕStandard [1] orϕanyϕNationalϕAnnex.
Modifyingϕtheϕlimitsϕisϕtheϕuser'sϕresponsibility.

InϕourϕKnowledgeϕBase,ϕyouϕcanϕfindϕanϕexampleϕexplainingϕtheϕapplicationϕofϕlimitϕvalues:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001498

Stability Analysis Method of Sets of Members

Accordingϕto 6.3.1 ... 6.3.3 (Equivalent Member Method), itϕisϕpossibleϕtoϕhandleϕsetsϕofϕmembersϕas
oneϕlargeϕsingleϕmember. Forϕthis,ϕdefineϕtheϕfactors kz and kw inϕthe 1.6 Effective Lengths - Sets of
Members window. Theyϕareϕusedϕtoϕdetermineϕtheϕsupportϕconditions β, uy, φx, φz and ω. Inϕthisϕcase,
Windowsϕ1.7ϕandϕ1.8ϕareϕnotϕdisplayed. Pleaseϕnoteϕthatϕtheϕfactors kz and kw areϕidenticalϕforϕeach
sectionϕorϕpartialϕmemberϕofϕtheϕsetϕofϕmembers. Therefore,ϕtheϕequivalentϕmemberϕmethodϕshouldϕbe
usedϕonlyϕforϕstraightϕsetsϕofϕmembers.

Withϕtheϕdefaultϕsettingϕof 6.3.4 (General Method), theϕprogramϕperformsϕaϕgeneralϕanalysis
accordingϕto [1] clauseϕ6.3.4ϕwhichϕisϕbasedϕonϕtheϕcoefficient αcr. InϕWindows 1.7 Nodal Supports
and 1.8 Member Hinges, theϕboundaryϕconditionsϕmustϕbeϕdefinedϕwithϕregardϕtoϕtheϕstabilityϕfailure
(buckling andϕlateral-torsional buckling) separatelyϕforϕeachϕsetϕofϕmembers. Theϕfactors kz and kw from
Windowϕ1.5ϕareϕnotϕused.

Findϕmoreϕinformationϕaboutϕtheϕgeneralϕmethodϕinϕanϕarticleϕofϕthe Knowledge Base .

Theϕoptionsϕareϕlockedϕifϕtheϕstabilityϕanalysisϕwithϕwarpingϕtorsionϕisϕset (see Chapter 3.1.5 ).
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Switch from method acc. to 6.3.3 to method acc. to 6.3.4

Forϕstructuralϕcomponentsϕwithϕbendingϕandϕcompression,ϕtheϕmethodϕaccordingϕto [1] 6.3.3ϕisϕonly
applicableϕforϕdouble-symmetricϕcross-sections. However,ϕcomponentsϕwithϕsingle-symmetrical
cross-sectionsϕorϕaϕtaperedϕmemberϕdiagramϕcanϕbeϕdesignedϕwithϕtheϕGeneralϕMethodϕaccordingϕto
[1] 6.3.4. InϕGermany,ϕonlyϕI-sectionsϕareϕallowed,ϕwhichϕisϕwhyϕaϕwarningϕappearsϕduring
calculation. Inϕthisϕcase,ϕitϕwouldϕbeϕpossibleϕtoϕdeviateϕfromϕtheϕNationalϕAnnexϕinϕthe National Annex
Settings dialogϕboxϕandϕalsoϕallowϕtheϕGeneralϕMethodϕforϕnon-I-sections (see Figure 2.10 ).

Ifϕtheϕcheckϕboxϕisϕselected,ϕRF-/STEELϕautomaticallyϕselectsϕtheϕappropriateϕdesignϕmethod. The
bucklingϕlengthsϕdefinedϕinϕWindowϕ1.5ϕandϕ1.6ϕforϕbucklingϕaboutϕtheϕprincipalϕaxisϕareϕnot
consideredϕinϕtheϕdesignϕaccordingϕtoϕSectionϕ6.3.4.

Serviceability3.1.3

Figure 3.4 Dialogϕbox Details, tab Serviceability

Deformation Relative to

Theϕoptionsϕcontrolϕwhetherϕtheϕmaximumϕdeformationsϕareϕrelatedϕtoϕtheϕshiftedϕendsϕofϕmembersϕor
setsϕofϕmembers (connection lineϕbetweenϕstartϕandϕendϕnodesϕofϕtheϕdeformed system) orϕtoϕthe
undeformedϕinitialϕsystem. Generally,ϕtheϕdeformationsϕareϕdesignedϕrelativeϕtoϕtheϕdisplacementsϕin
theϕentireϕstructuralϕsystem.

Anϕarticleϕofϕthe Knowledge Base onϕourϕwebsiteϕpresentsϕanϕexampleϕdescribingϕtheϕrelationϕof
deformations.
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Youϕcanϕcheckϕandϕadjust,ϕifϕnecessary,ϕtheϕlimitϕdeformationsϕinϕthe National Annex Settings dialog
box (see Figure 2.10 ).

Limitation of Web Breathing

Inϕtheϕserviceabilityϕlimitϕstateϕdesignϕofϕsteelϕbridges,ϕitϕisϕnecessaryϕtoϕcheckϕtheϕslendernessϕratioϕof
webϕplatesϕinϕorderϕtoϕavoidϕexcessiveϕripplingϕofϕplates ("web breathing") asϕwellϕasϕstiffness
reductionsϕdueϕtoϕplateϕbuckling. Theϕcheckϕbox Design as steel bridge structure according to EN
1993-2, 7.4 [8] allowsϕyouϕtoϕanalyzeϕtheϕbreathing (repeated out-of-plane deformation), which
canϕresultϕinϕfatigueϕproblemsϕatϕtheϕweb-to-flangeϕconnections.

Youϕhaveϕtoϕspecifyϕifϕa Road bridge orϕa Railway bridge isϕdesignedϕbecauseϕthereϕareϕdifferent
criteriaϕforϕeachϕcase.

Direction of Precamber

Withϕtheϕtwoϕoptionsϕyouϕcanϕdecideϕinϕwhichϕofϕtheϕlocalϕmemberϕaxesϕaϕprecamber ("rise"), if
applicable,ϕisϕavailable. Dependingϕonϕtheϕsetting,ϕcolumnϕFϕofϕWindowϕ1.9ϕshows wc,v or wc,u asϕthe
title (see Figure 2.37 ).

Fire Resistance3.1.4

Thisϕtabϕmanagesϕdetailedϕsettingsϕforϕtheϕfireϕresistanceϕdesign.

Figure 3.5 Dialogϕbox Details, tab Fire Resistance
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Inϕadditionϕtoϕthe Required time of fire resistance andϕthe Time interval neededϕforϕtheϕdeterminationϕof
theϕtemperatureϕchange,ϕyouϕhaveϕtoϕdefineϕthe Temperature Curve toϕdetermineϕtheϕgasϕtemperature.
Threeϕcurvesϕareϕavailableϕforϕselection (see Figure 3.6 to Figure 3.8 ).

The Factors for determination of net heat flux accordingϕto [9] and [2] areϕpreset. However,ϕyou
canϕadaptϕthemϕtoϕspecificϕconditions.

Figure 3.6 Standardϕtemperature-timeϕcurve

Figure 3.7 Externalϕfireϕcurve
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Figure 3.8 Hydrocarbonϕcurve

Whenϕyouϕselectϕtheϕcheckϕboxϕfor Define final temperature manually, youϕcanϕenterϕtheϕtemperature
Θa inϕWindowsϕ1.10ϕandϕ1.11ϕindividually.
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Warping Torsion3.1.5

Thisϕtabϕallowsϕforϕsettingsϕofϕtheϕwarpingϕanalysisϕforϕsetsϕofϕmembers. Youϕcanϕaccessϕtheϕentriesϕifϕthe
RF-/STEEL Warping Torsion moduleϕextensionϕisϕlicensed.

Figure 3.9 Dialogϕbox Details, tab Warping Torsion

IfϕyouϕwantϕRF-/STEELϕEC3ϕto Perform a warping analysis, selectϕthisϕcheckϕbox. Thus,ϕtheϕotherϕdialog
sectionsϕbecomeϕaccessible.ϕAtϕtheϕsameϕtime,ϕtheϕcorrespondingϕoptionsϕforϕtheϕstabilityϕanalysisϕof
setsϕofϕmembersϕwillϕbeϕlockedϕinϕthe Stability tab.

Inϕtheϕmethodϕwithϕsevenϕdegreesϕofϕfreedom,ϕtheϕstabilityϕcalculationϕisϕcarriedϕoutϕaccordingϕtoϕthe
second-orderϕanalysisϕforϕflexural-torsionalϕbucklingϕtakingϕintoϕaccountϕwarpingϕtorsionϕand
imperfectionsϕaffineϕtoϕmodeϕshapes. Theϕfreedomϕdegreesϕofϕtheϕdisplacementsϕandϕrotationsϕinϕand
aboutϕtheϕthreeϕaxesϕX',ϕY'ϕandϕZ'ϕasϕwellϕasϕwarpingϕcanϕbeϕuser-definedϕinϕWindowsϕ1.7ϕandϕ1.8
(see Figure 2.34 and Figure 2.36 ). InϕWindowϕ1.13,ϕyouϕhaveϕtoϕdefineϕtheϕinitialϕriseϕofϕthe
precamber (see Figure 2.52 ).

Findϕaϕdetailedϕdescriptionϕofϕtheϕsecond-orderϕanalysisϕforϕflexural-torsionalϕbucklingϕinϕthe RF-/FE-LTB
manual onϕourϕwebsite.

Findϕsomeϕexamplesϕdescribingϕtheϕprinciplesϕofϕthisϕmethodϕinϕtheϕfollowingϕarticles:

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001298

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001377

Inϕadditionϕtoϕtheϕsecond-orderϕanalysis,ϕthe Method of Warping Analysis canϕbeϕaϕlinearϕcalculation.
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Then,ϕtheϕsetϕofϕmembersϕwillϕbeϕanalyzedϕaccordingϕtoϕlinearϕstaticϕanalysis. Thisϕway,ϕitϕisϕpossible,
forϕexample,ϕtoϕanalyzeϕeffectsϕofϕwarpingϕandϕtoϕdeduceϕconsequencesϕonϕtheϕstabilityϕbehavior.

Theϕwarpingϕanalysisϕisϕperformedϕiteratively,ϕwithϕtheϕstiffnessϕmatrix K changingϕdueϕtoϕalready
computedϕinternalϕforcesϕandϕdeformations. The Max number of iterations preventsϕtheϕcalculationϕfrom
enteringϕanϕinfiniteϕloopϕwhenϕthereϕareϕconvergenceϕproblems.

The Load Application hasϕanϕimportantϕroleϕforϕtheϕstabilityϕanalysisϕwithϕsevenϕdegreesϕofϕfreedom.
Dependingϕonϕtheϕapplicationϕpoint,ϕtheϕloadϕhasϕaϕstabilizingϕorϕdestabilizingϕeffectϕonϕtheϕstability
behavior. Useϕtheϕnineϕsettingϕoptionsϕtoϕdefineϕtheϕlocationϕwhereϕtheϕloadϕisϕactingϕonϕthe
cross-section. Theϕcurrentϕpointϕisϕhighlightedϕredϕinϕtheϕcross-sectionϕsketch.

Determination of loading in RF-/STEEL Warping Torsion

TheϕloadingsϕappliedϕforϕtheϕwarpingϕanalysisϕareϕbasedϕonϕtheϕresultsϕfromϕRFEMϕorϕRSTAB. The
moduleϕextensionϕusesϕtheϕmemberϕdeformationsϕinϕorderϕtoϕdetermineϕtheϕmomentϕdistributionsϕand
thusϕtheϕloads. Itϕisϕthereforeϕnecessaryϕtoϕensure,ϕwhenϕdefiningϕtheϕboundaryϕconditionsϕinϕWindow
1.7,ϕthatϕtheϕsingledϕoutϕmemberϕsetϕmodelϕcorrespondsϕtoϕtheϕconditionsϕofϕtheϕRFEM/RSTABϕmodel.
Forϕexample,ϕifϕrotationsϕareϕenabledϕforϕaϕhorizontalϕbeamϕnode,ϕwhichϕareϕrestrictedϕinϕtheϕmodelϕby
aϕconnectedϕcolumn,ϕdifferentϕinternalϕforceϕdistributionsϕinϕRFEMϕorϕRSTABϕandϕRF-/STEELϕEC3ϕwillϕbe
theϕresult.

TheϕfollowingϕarticleϕdescribesϕhowϕtheϕloadingϕisϕdeterminedϕinϕRF-/STEELϕWarpingϕTorsion:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001417
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Plasticity3.1.6

Thisϕtabϕallowsϕforϕsettingsϕofϕtheϕadvancedϕplasticϕanalysisϕforϕcross-sections. Youϕcanϕaccessϕthe
entriesϕifϕthe RF-/STEEL Plasticity moduleϕextensionϕisϕlicensed.

Figure 3.10 Dialogϕbox Details, tab Plasticity

Inϕtheϕcross-sectionϕdesignϕperformedϕbyϕtheϕelastic-plasticϕdesignϕmethod,ϕlinearϕelasticϕmaterial
behaviorϕisϕassumedϕforϕtheϕcalculationϕofϕtheϕinternalϕforces Sd, andϕlinearϕelastic-perfectlyϕplastic
materialϕbehaviorϕforϕtheϕcalculationϕofϕtheϕresistances Rd. Thus,ϕtheϕcross-section'sϕreservesϕareϕused
butϕtheϕpossiblyϕavailableϕplasticϕreservesϕofϕtheϕsystemϕareϕnotϕconsidered. Whenϕtheϕlimitϕinternal
forcesϕareϕreachedϕinϕtheϕfullyϕplasticϕstate,ϕtheϕultimateϕlimitϕstateϕisϕreached.

Ifϕyouϕwantϕtheϕprogramϕto Perform advanced plastic design checks acc. to [1] and [2], selectϕthe
checkϕbox (literature inϕmanual: [10] and [11] ). Then,ϕtheϕotherϕdialogϕsectionsϕbecome
accessible.

Findϕaϕdetailedϕdescriptionϕofϕtheϕplasticϕcross-sectionϕdesignsϕinϕtheϕmanualϕfor RF-/STEEL Plastic on
ourϕwebsite.

3 Calculation

60

https://www.dlubal.com/-/media/Files/website/documents/manuals/rfem-and-rstab-add-on-modules/steel-and-aluminium-structures/steel-plastic/steel-plastic-manual-en.pdf
https://www.dlubal.com/-/media/Files/website/documents/manuals/rfem-and-rstab-add-on-modules/steel-and-aluminium-structures/steel-plastic/steel-plastic-manual-en.pdf


RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Cold-Formed3.1.7

Thisϕtabϕallowsϕyouϕtoϕanalyzeϕcold-formedϕsectionsϕaccordingϕtoϕENϕ1993-1-3 [3] . Theϕcheck
boxesϕareϕonlyϕaccessibleϕifϕthe RF-/STEEL Cold-Formed Sections moduleϕextensionϕisϕlicensed.

Figure 3.11 Dialogϕbox Details, tab Cold-Formed

IfϕyouϕwantϕRF-/STEELϕEC3ϕto Perform design for cold-formed cross-sections acc. to EN 1993-1-3,
selectϕtheϕcorrespondingϕcheckϕbox. Thenϕtheϕotherϕsectionsϕofϕthisϕtabϕbecomeϕaccessibleϕasϕwell.

Anϕexampleϕofϕtheϕdesignϕofϕaϕcold-formedϕC-sectionϕisϕpresentedϕinϕaϕtechnicalϕarticleϕthatϕyouϕcan
findϕinϕthe Knowledge Base onϕourϕwebsite. Thereϕisϕalsoϕa webinar inϕwhichϕtheϕdesignϕof
cold-formedϕsectionsϕaccordingϕtoϕENϕ1993-1-3ϕisϕdiscussed.

TheϕdesignϕaccordingϕtoϕENϕ1993-1-3ϕcoversϕsectionsϕthatϕare "cold-formed". Theseϕareϕcold-rolled
steelϕproductsϕmadeϕofϕthin-walledϕsheetϕmetalϕthatϕhasϕbeenϕcold-formedϕbyϕroll-formingϕorϕbending
methods. Typicalϕcross-sectionϕshapesϕofϕcold-formedϕsectionsϕareϕshownϕin [3] Figureϕ1.1. The
cross-sectionϕinformationϕinϕtheϕprogramϕalsoϕincludesϕtheϕlongitudinalϕstiffeningsϕofϕtheϕsectionsϕand
thusϕtheϕrespectiveϕbucklingϕpanels.

Theϕdesignϕofϕcold-formedϕsectionsϕisϕdescribedϕinϕdetailϕinϕthe [3] standard.

Theϕcross-sectionϕlibraryϕcontainsϕvariousϕseriesϕofϕC,ϕU,ϕL,ϕandϕZ-sectionsϕthatϕareϕautomatically
recognizedϕas "cold-formed" withϕtheϕcorrespondingϕbucklingϕpanelsϕandϕstiffeners. Theseϕsectionsϕcan
beϕfilteredϕaccordingϕtoϕthe Cross-section shape.
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Figure 3.12 Designableϕcold-formedϕsectionsϕinϕcross-sectionϕlibrary

Forϕtheϕseriesϕmentionedϕabove,ϕitϕisϕalsoϕpossibleϕtoϕdesignϕparametrizedϕcross-sections. Theyϕcanϕbe
definedϕusingϕthe [Parametric Input] button.

Figure 3.13 Parametricϕcross-sectionϕwithϕbucklingϕpanelsϕandϕstiffeners

Furthermore,ϕitϕisϕpossibleϕtoϕdesignϕcross-sectionsϕthatϕwereϕcalculatedϕinϕSHAPE-THINϕ9ϕwithϕthe
correspondingϕbucklingϕpanelϕandϕstiffenerϕdefinitionsϕaccordingϕtoϕENϕ1993-1-3.

Cold-formedϕcircularϕandϕrectangularϕsectionsϕareϕnotϕpartϕofϕtheϕENϕ1993-1-3ϕstandard.

Allϕcross-sectionsϕofϕtheϕdesignϕcaseϕthatϕdoϕnotϕfulfillϕthe "cold-formed" criterionϕareϕanalyzed
accordingϕtoϕENϕ1993-1-1 [1] .
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Ifϕthe Perform stability design acc. to 6.2.5(2) if possible checkϕboxϕisϕselected,ϕtheϕstabilityϕanalysisϕfor
bendingϕandϕaxialϕcompressionϕforceϕisϕperformedϕaccordingϕtoϕtheϕfollowingϕinteractionϕrelation:

NEd

Nb Rd

08 MEd

Mb Rd

08

1 0

where

Nb,Rd Resistanceϕofϕaϕcomponentϕsubjectedϕtoϕcompressionϕaccordingϕto [3] 6.2.2

Mb,Rd Momentϕresistanceϕaccordingϕto [3] 6.2.4

Thisϕalternativeϕmentionedϕin [3] 6.2.5 (2) replacesϕaϕstructuralϕcomponentϕcalculationϕaccordingϕto
theϕsecond-orderϕanalysisϕasϕperϕENϕ1993-1-1ϕwithϕtheϕeffectiveϕcross-sectionsϕaccordingϕto [3] 5.5.
Forϕbiaxialϕbending,ϕhowever,ϕaϕcalculationϕofϕstructuralϕcomponentsϕasϕper [3] 6.2.5 (1) according
toϕtheϕsecond-orderϕanalysisϕisϕrequiredϕinϕorderϕtoϕdetermineϕtheϕinteractionϕbetweenϕaxialϕforceϕand
bendingϕmoment. Thisϕhasϕtoϕbeϕtakenϕintoϕaccountϕwhenϕselectingϕloadϕcasesϕandϕcombinationsϕin
Window 1.1 General Data.

The Web without stiffening at supports acc. to Tab. 6.1 checkϕboxϕaffectsϕtheϕvalueϕofϕtheϕshear
bucklingϕstrength fbv. Accordingϕto [3] 6.1.5,ϕstartingϕfromϕaϕwebϕslendernessϕratioϕofϕ1.4,ϕthe
geometricalϕconditionsϕinϕtheϕformϕofϕstiffenersϕonϕtheϕsupportϕhaveϕtoϕbeϕconsideredϕaccordinglyϕso
thatϕwebϕdeformations (local buckling) areϕavoidedϕandϕtheϕsupportϕforcesϕareϕabsorbed.

Withϕthe Design of local transverse forces acc. to 6.1.7 if possible checkϕbox,ϕyouϕcanϕcontrolϕwhether
theϕprogramϕalsoϕanalyzesϕlocalϕfailureϕmodesϕinϕtheϕwebϕthatϕoccurϕdueϕtoϕsupportϕforcesϕorϕlocal
transverseϕforcesϕthroughϕtheϕflangeϕintoϕtheϕweb. [3] 6.1.7ϕdescribesϕdifferentϕcasesϕandϕdesign
conditionsϕthatϕhaveϕtoϕbeϕfulfilledϕforϕtheϕwebϕloading. Theϕboundaryϕconditions,ϕsuchϕasϕtheϕlengthϕof
theϕstiffϕbearing,ϕcanϕbeϕdefinedϕinϕWindow 1.14 Local Transverse Forces (see Chapter 2.14 ).
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General3.1.8

Figure 3.14 Dialogϕbox Details, tab General

Calculation of Result Combinations with OR Type

Ifϕcombinationsϕareϕcreatedϕautomatically,ϕusuallyϕmanyϕloadϕcombinations (CO) areϕproduced.
Generally,ϕtheseϕcombinationsϕareϕsummarizedϕinϕaϕresultϕcombination (RC) asϕalternativelyϕactingϕin
anϕ'OR'ϕconnectionϕwhichϕprovidesϕtheϕenvelope: CO1/pϕorϕCO2/pϕorϕCO3/pϕorϕCO4/pϕetc.ϕForϕthe
designϕofϕtheseϕresultϕcombinations,ϕyouϕhaveϕtwoϕpossibilitiesϕinϕRF-/STEELϕEC3.

The load components ofϕtheϕcontainedϕcombinationsϕcanϕbeϕanalyzed separately. Thus,ϕtheϕelastic
criticalϕmomentsϕforϕlateral-torsionalϕbucklingϕareϕdeterminedϕseparatelyϕforϕeachϕconstellation,ϕandϕthe
designsϕareϕperformedϕaccordingly. Thisϕapproachϕprovidesϕexactϕresults. However,ϕitϕisϕvery
time-consumingϕandϕrequiresϕaϕhighϕcomputationalϕeffort.

Alternatively,ϕitϕisϕpossibleϕto Analyze result combinations generally. Thisϕcalculationϕrunsϕconsiderably
fasterϕbecauseϕRF-/STEELϕEC3ϕusesϕonlyϕtheϕextremeϕvaluesϕwithϕtheϕcorrespondingϕinternalϕforcesϕfor
theϕdesign. However,ϕtheϕresultϕmayϕbeϕincorrectϕifϕtheϕRCϕincludesϕaϕcombinationϕwhereϕseveral
internalϕforces (such asϕNϕand My) areϕtogetherϕjustϕbelowϕtheϕextremeϕvalues.

Cross-Section Optimization

Byϕdefault,ϕtheϕoptimizationϕisϕtargetedϕonϕtheϕmaximumϕallowableϕdesignϕratioϕofϕ100%. Ifϕnecessary,
youϕcanϕsetϕaϕdifferentϕdesignϕratioϕinϕthisϕtextϕbox.
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Check of Member Slendernesses

Inϕbothϕtextϕboxes,ϕyouϕcanϕspecifyϕtheϕlimitϕvalues λlimit inϕorderϕtoϕdefineϕtheϕmemberϕslendernesses.
Separateϕspecificationsϕareϕpossibleϕforϕmembersϕwithϕtensionϕforcesϕonlyϕandϕforϕmembersϕwith
bendingϕandϕcompression.

InϕWindowϕ3.3,ϕtheϕlimitϕvaluesϕareϕcomparedϕtoϕtheϕrealϕmemberϕslendernesses. Thatϕwindowϕis
availableϕafterϕtheϕcalculation (see Chapter 4.8 ) whenϕtheϕcorrespondingϕcheckϕboxϕinϕthe Display
Result Windows sectionϕtoϕtheϕrightϕhasϕbeenϕselected.

Design of Welds

Whenϕyouϕselectϕthisϕcheckϕbox,ϕweldϕdesignsϕwillϕbeϕperformedϕinϕtheϕcourseϕofϕtheϕanalysis. The
programϕperformsϕtheϕtypicalϕdesignsϕaccordingϕtoϕENϕ1993-1-8 [12] . Afterϕtheϕcalculation,ϕyou
findϕtheϕresultsϕlistedϕamongϕtheϕcross-sectionϕdesigns (see alsoϕtheϕarticleϕinϕthe Knowledge Base on
our website).

Display Result Windows

Inϕthisϕdialogϕsection,ϕyouϕcanϕselectϕwhichϕresultϕwindowsϕincludingϕpartsϕlistϕareϕdisplayed. The
windowsϕareϕdescribedϕin Chapter 4 .

Window 3.3 Member Slendernesses isϕdeactivatedϕbyϕdefault.
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Starting the Calculation3.2

InϕallϕinputϕwindowsϕofϕtheϕRF-/STEELϕEC3ϕadd-onϕmodule,ϕyouϕcanϕstartϕtheϕcalculationϕbyϕclickingϕthe
[Calculation] button.

RF-/STEELϕEC3ϕsearchesϕforϕtheϕresultsϕofϕtheϕloadϕcases,ϕloadϕcombinationsϕandϕresultϕcombinationsϕto
beϕdesigned. Ifϕtheyϕcannotϕbeϕfound,ϕtheϕprogramϕstartsϕtheϕRFEMϕorϕRSTABϕcalculationϕtoϕdetermine
theϕdesign-relevantϕinternalϕforces.

YouϕcanϕalsoϕstartϕtheϕcalculationϕinϕtheϕRFEMϕorϕRSTABϕuserϕinterface: The To Calculate dialogϕbox
(menu Calculate To Calculate) listsϕtheϕdesignϕcasesϕofϕtheϕadd-onϕmodulesϕlikeϕloadϕcasesϕor
loadϕcombinations.

Figure 3.15 Dialogϕbox To Calculate

IfϕtheϕRF-/STEELϕEC3ϕdesignϕcasesϕareϕmissingϕinϕthe Not Calculated section,ϕselect All or Add-on
Modules inϕtheϕdrop-downϕlistϕbelowϕtheϕlist.

ToϕtransferϕtheϕselectedϕRF-/STEELϕEC3ϕcasesϕtoϕtheϕlistϕonϕtheϕright,ϕuseϕthe button. Then,ϕclick [OK]
toϕstartϕtheϕcalculation.

Youϕcanϕalsoϕcalculateϕaϕdesignϕcaseϕdirectlyϕbyϕusingϕtheϕlistϕinϕtheϕtoolbar: SetϕtheϕRF-/STEELϕEC3
caseϕandϕclickϕthe [Show Results] button.

Figure 3.16 DirectϕcalculationϕofϕanϕRF-STEELϕEC3ϕdesignϕcaseϕinϕRFEM

Subsequently,ϕyouϕcanϕobserveϕtheϕcalculationϕprocessϕinϕtheϕsolverϕdialogϕbox.

3 Calculation

66



RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Results4

Window 2.1 Design by Load Case appearsϕimmediatelyϕafterϕtheϕcalculation.

Figure 4.1 Resultϕwindowϕwithϕdesignsϕandϕintermediateϕvalues

TheϕdesignsϕareϕshownϕinϕtheϕresultϕWindowsϕ2.1ϕtoϕ2.5,ϕsortedϕbyϕdifferentϕcriteria.

Windowsϕ3.1ϕandϕ3.2ϕlistϕtheϕgoverningϕinternalϕforces;ϕwindowϕ3.3ϕgivesϕinformationϕonϕmember
slendernesses.

Windowsϕ4.1ϕandϕ4.2ϕshowϕtheϕpartsϕlistsϕbyϕmembersϕandϕsetsϕofϕmembers.

Everyϕwindowϕcanϕbeϕselectedϕbyϕclickingϕtheϕcorrespondingϕentryϕinϕtheϕnavigator. Toϕsetϕtheϕprevious
orϕnextϕwindow,ϕuseϕtheϕbuttonsϕshownϕonϕtheϕleft. Youϕcanϕalsoϕuseϕtheϕfunctionϕkeys [F2] and [F3] to
goϕthroughϕtheϕwindows.

Click [OK] toϕsaveϕtheϕresults. Then,ϕyouϕexitϕRF-/STEELϕEC3ϕandϕreturnϕtoϕtheϕmainϕprogram.

Chapter 4 describesϕtheϕresultϕwindowsϕoneϕbyϕone. Evaluatingϕandϕcheckingϕresultsϕisϕdescribedϕin
Chapter 5 .
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Design by Load Case4.1

Theϕupperϕpartϕofϕtheϕwindowϕshowsϕaϕsummaryϕofϕtheϕgoverningϕdesigns (i.e. theϕmaximumϕdesign
ratiosϕforϕeach action), sortedϕbyϕloadϕcase,ϕloadϕcombination,ϕandϕresultϕcombination. Theϕtableϕis
dividedϕintoϕultimateϕasϕwellϕasϕserviceabilityϕlimitϕstateϕandϕfireϕresistanceϕdesigns.

Theϕlowerϕpartϕincludesϕdetailedϕinformationϕonϕtheϕcross-sectionϕproperties,ϕanalyzedϕinternalϕforces,
andϕdesignϕparametersϕforϕtheϕloadϕcaseϕselectedϕabove.

Figure 4.2 Window 2.1 Design by Load Case: MaximumϕDesignϕRatiosϕforϕUltimateϕLimitϕState,ϕServiceabilityϕLimitϕState,ϕandϕFireϕResistance
Designs

Description

Thisϕcolumnϕshowsϕtheϕdescriptionsϕofϕtheϕloadϕcases,ϕloadϕandϕresultϕcombinationsϕforϕwhichϕthe
designsϕhaveϕbeenϕperformed.

Member No.

Thisϕcolumnϕshowsϕtheϕnumberϕofϕtheϕmemberϕwithϕtheϕmaximumϕdesignϕratioϕforϕtheϕdesignedϕaction.

Location x

Thisϕcolumnϕshowsϕtheϕrespectiveϕx-locationϕofϕtheϕmemberϕwhereϕtheϕmaximumϕdesignϕratioϕoccurs.
Theϕfollowingϕmemberϕlocationsϕxϕareϕusedϕforϕtheϕtableϕoutput:

Startϕandϕendϕnode
Divisionϕpointsϕaccordingϕtoϕoptionallyϕsetϕmemberϕdivision (RFEM Tableϕ1.16ϕorϕRSTABϕTable 1.6)
Memberϕdivisionϕaccordingϕtoϕspecificationϕforϕmemberϕresults (Calculation Parameters dialogϕbox
ofϕRFEM/RSTAB, Global Calculation Parameters tab)
Extremeϕvaluesϕofϕinternalϕforces
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Design Ratio

ColumnsϕDϕandϕEϕshowϕtheϕdesignϕconditionsϕaccordingϕto [1] , [2] , and [4] .

Theϕlengthϕofϕtheϕcoloredϕbarϕrepresentsϕgraphicallyϕtheϕrespectiveϕdesignϕratio.

Design According to Formula

Thisϕcolumnϕdisplaysϕtheϕcode'sϕequationsϕfromϕwhichϕtheϕdesignsϕhaveϕbeenϕperformed.

Inϕthe Details table,ϕtheϕdesignϕformulasϕareϕshownϕwithϕtheϕdesignϕconditionsϕthatϕareϕrelevantϕforϕthe
selectedϕdesign.

Figure 4.3 Design Formula shownϕin Details table

Thisϕfunctionϕisϕalsoϕdescribedϕinϕthe Knowledge Base onϕourϕwebsite.

DS

ColumnϕGϕprovidesϕinformationϕonϕtheϕdesignϕrelevantϕsituations (DS): PT or AC forϕtheϕultimateϕlimit
state,ϕorϕoneϕofϕtheϕthreeϕdesignϕsituationsϕforϕserviceability (SC, SF, SQ) accordingϕtoϕtheϕspecifications
inϕthe 1.1 General Data window (see Figure 2.1 ).
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Warping Torsion4.1.1

Ifϕthe Perform warping analysis checkϕboxϕinϕthe Details dialogϕboxϕhasϕbeenϕselected (see Chapter
3.1.5 ), theϕresultsϕofϕtheϕultimateϕlimitϕstateϕdesignsϕconsideringϕsevenϕdegreesϕofϕfreedomϕappearϕin
thisϕwindow. Theϕtableϕbelowϕshowsϕtheϕintermediateϕvaluesϕofϕtheϕwarpingϕtorsionϕanalysis.

Figure 4.4 Window 2.1 Design by Load Case withϕintermediateϕvaluesϕfor Warping Torsion Analysis

Theϕdetailsϕcontainϕinformationϕaboutϕthe Design Internal Forces ofϕtheϕequivalentϕloadsϕonϕthe
deformedϕsystem (see Knowledge Base articleϕonϕour website). Amongϕotherϕthings,ϕthe Critical
Factor αcrit, the Longitudinal stress due to bimoment BEd, andϕthe Secondary Torsional Shear Stress
τt,sec,Ed areϕoutputϕasϕwell.

Youϕcanϕuseϕthe buttonϕtoϕgraphicallyϕcheckϕtheϕmodeϕshapesϕofϕtheϕsetϕofϕmembers (see Chapter
5.4 ).
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Plasticity4.1.2

Ifϕthe Perform advanced plastic design checks checkϕboxϕhasϕbeenϕactivatedϕinϕthe Details dialogϕbox
(see Chapter 3.1.6 ), theϕupperϕtableϕshowsϕtheϕdesignsϕofϕshearϕflowϕinϕtheϕcross-sectionϕpartsϕas
wellϕasϕtheϕdesignsϕofϕtheϕallowableϕbendingϕmomentsϕandϕaxialϕforces.

Figure 4.5 Window 2.1 Design by Load Case withϕintermediateϕvaluesϕforϕadvancedϕplasticϕdesignϕchecks

Theϕtableϕbelowϕlistsϕtheϕintermediateϕvaluesϕofϕtheϕplasticϕdesignϕthatϕareϕavailableϕaccordingϕtoϕthe
partialϕinternalϕforcesϕmethodϕorϕtheϕsimplexϕmethod. Theseϕinclude,ϕforϕexample,ϕtheϕyieldϕstrengthsϕof
structuralϕcomponentsϕsubjectedϕtoϕshearϕforce,ϕtheϕplasticϕshearϕforce,ϕtorsional,ϕandϕbending
resistances,ϕasϕwellϕasϕtheϕplasticϕaxialϕloadϕbearingϕcapacities.
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Cold-Formed4.1.3

Ifϕthe Perform design for cold-formed cross-sections checkϕboxϕinϕthe Details dialogϕboxϕhasϕbeen
selected (see Chapter 3.1.7 ), theϕintermediateϕvaluesϕrequiredϕforϕtheϕdesignϕofϕcold-formedϕsections
accordingϕto [3] appearϕinϕtheϕtableϕbelow.

Figure 4.6 Window 2.1 Design by Load Case withϕintermediateϕvaluesϕfor Effective Cross-Section Properties ofϕaϕcold-formedϕsection

Theϕeffectiveϕcross-sectionϕpropertiesϕareϕoutputϕseparatelyϕforϕtheϕeffectsϕofϕaxialϕforce,ϕbendingϕabout
y,ϕandϕbendingϕaboutϕz. Forϕtheϕstabilityϕanalysis,ϕtheϕinteractionϕbetweenϕaxialϕforceϕandϕbending
momentϕwithϕtheϕeffectiveϕcross-sectionϕvaluesϕaccordingϕtoϕENϕ1993-1-1 [1] orϕtheϕinteraction
relation [3] (6.36) isϕused,ϕdependingϕonϕtheϕspecification.
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Design by Cross-Section4.2

Figure 4.7 Window 2.2 Design by Cross-Section

Inϕthisϕresultsϕwindow,ϕtheϕmaximumϕdesignϕratiosϕofϕallϕmembersϕandϕactionsϕselectedϕforϕdesignϕare
listedϕbyϕcross-section. Theϕresultsϕareϕsortedϕbyϕcross-sectionϕdesignϕandϕstabilityϕanalysisϕasϕwellϕas
serviceabilityϕlimitϕstateϕdesignϕandϕfireϕresistanceϕdesign.

Ifϕthereϕisϕaϕtaperedϕmember,ϕtheϕcross-sectionsϕofϕtheϕmemberϕstartϕandϕendϕareϕlistedϕseparately.
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Design by Set of Members4.3

Figure 4.8 Window 2.3 Design by Set of Members

Thisϕresultsϕwindowϕisϕdisplayedϕifϕatϕleastϕoneϕsetϕofϕmembersϕhasϕbeenϕselectedϕforϕdesign. The
windowϕlistsϕtheϕmaximumϕdesignϕratiosϕsortedϕbyϕsetϕofϕmembers.

The Member No. columnϕshowsϕtheϕnumberϕofϕtheϕmemberϕwithinϕtheϕsetϕofϕmembersϕthatϕbearsϕthe
maximumϕratioϕforϕtheϕindividualϕdesignϕcriteria.

Theϕoutputϕbyϕsetϕofϕmembersϕallowsϕyouϕtoϕclearlyϕpresentϕtheϕdesignϕofϕanϕentireϕstructuralϕgroup (a
frame,ϕfor example).
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Design by Member4.4

Figure 4.9 Window 2.4 Design by Member

Thisϕresultsϕwindowϕshowsϕtheϕmaximumϕdesignϕratiosϕforϕtheϕindividualϕdesignsϕsortedϕbyϕmember
number. Theϕcolumnsϕareϕdescribedϕinϕdetailϕin Chapter 4.1 .

Design by x-Location4.5

Figure 4.10 Window 2.5 Design by x-Location
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Thisϕresultsϕwindowϕlistsϕtheϕmaximaϕforϕeachϕmemberϕatϕallϕlocations x, resultingϕfromϕtheϕdivision
pointsϕdefinedϕinϕRFEMϕorϕRSTAB:

Startϕandϕendϕnode
Divisionϕpointsϕaccordingϕtoϕoptionallyϕsetϕmemberϕdivision (RFEM Tableϕ1.16ϕorϕRSTABϕTable 1.6)
Memberϕdivisionϕaccordingϕtoϕspecificationϕforϕmemberϕresults (Calculation Parameters dialogϕbox
ofϕRFEM/RSTAB, Global Calculation Parameters tab)
Extremeϕvaluesϕofϕinternalϕforces

Governing Internal Forces by Member4.6

Figure 4.11 Window 3.1 Governing Internal Forces by Member

Forϕeachϕmember,ϕthisϕwindowϕdisplaysϕtheϕgoverningϕinternalϕforces,ϕthatϕis,ϕtheϕforcesϕandϕmoments
thatϕresultϕinϕtheϕmaximumϕutilizationϕinϕtheϕindividualϕdesigns.

Location x

Thisϕcolumnϕshowsϕtheϕrespectiveϕx-locationϕofϕtheϕmemberϕwhereϕtheϕmaximumϕdesignϕratioϕoccurs.

Loading

Thisϕcolumnϕshowsϕtheϕnumbersϕofϕtheϕloadϕcaseϕasϕwellϕasϕtheϕloadϕorϕresultϕcombinationϕwhose
internalϕforcesϕresultϕinϕtheϕmaximumϕdesignϕratio.

Forces / Moments

Forϕeachϕmember,ϕthisϕcolumnϕdisplaysϕtheϕaxialϕandϕshearϕforcesϕasϕwellϕasϕtheϕtorsionalϕandϕbending
momentsϕproducingϕtheϕmaximumϕratiosϕinϕtheϕrespectiveϕcross-sectionϕdesigns,ϕstabilityϕanalyses,
serviceabilityϕlimitϕstateϕdesigns,ϕandϕfireϕresistanceϕdesigns.
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Design According to Formula

Theϕfinalϕcolumnϕgivesϕinformationϕonϕtheϕdesignϕtypesϕandϕequationsϕusedϕforϕperformingϕtheϕdesigns
accordingϕto [1] , [2] or [4] .

Governing Internal Forces by Set of
Members

4.7

Figure 4.12 Window 3.2 Governing Internal Forces by Set of Members

Forϕeachϕsetϕofϕmembers,ϕthisϕwindowϕshowsϕtheϕinternalϕforcesϕthatϕresultϕinϕtheϕmaximumϕratiosϕforϕthe
individualϕdesigns.
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Member Slendernesses4.8

Figure 4.13 Window 3.3 Member Slendernesses

Thisϕresultϕwindowϕisϕdisplayedϕwhenϕtheϕcorrespondingϕcheckϕboxϕhasϕbeenϕselectedϕinϕthe General
tabϕofϕthe Details dialogϕbox (see Figure 3.14 ).

Theϕtableϕlistsϕtheϕeffectiveϕslendernessesϕofϕtheϕdesignedϕmembersϕforϕbothϕdirectionsϕofϕtheϕprincipal
axes. Theyϕhaveϕbeenϕdeterminedϕasϕaϕfunctionϕofϕtheϕloadϕtype. Belowϕtheϕlist,ϕyouϕcanϕseeϕa
comparisonϕwithϕtheϕlimitϕvaluesϕdefinedϕinϕthe General tabϕofϕthe Details dialogϕbox (see Figure
3.14 ).

Membersϕofϕthe "Tension" or "Cable" typeϕareϕnotϕdisplayedϕinϕthisϕwindow.

Thisϕwindowϕisϕonlyϕofϕanϕinformativeϕnature. Itϕprovidesϕnoϕstabilityϕanalysisϕofϕslendernesses.
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Parts List by Member4.9

Finally,ϕthereϕisϕaϕsummaryϕofϕallϕcross-sectionsϕincludedϕinϕtheϕdesignϕcase.

Figure 4.14 Window 4.1 Parts List by Member

Byϕdefault,ϕthisϕlistϕcontainsϕonlyϕtheϕdesignedϕmembers. Ifϕyouϕneedϕaϕpartsϕlistϕforϕallϕmembersϕofϕthe
model,ϕyouϕcanϕsetϕitϕinϕthe General tabϕofϕthe Details dialogϕbox (see Figure 3.14 ).

Part No.

Theϕprogramϕassignsϕpartϕnumbersϕtoϕsimilarϕmembers.

Cross-Section Description

Thisϕcolumnϕlistsϕtheϕcross-sectionϕnumbersϕandϕdescriptions.

Number of Members

Thisϕcolumnϕshowsϕhowϕmanyϕsimilarϕmembersϕareϕusedϕforϕeachϕpart.

Length

Thisϕcolumnϕshowsϕtheϕrespectiveϕlengthϕofϕanϕindividualϕmember.

Total Length

Theϕvaluesϕinϕthisϕcolumnϕareϕtheϕproductϕfromϕtheϕpreviousϕtwoϕcolumns.

Surface Area

Forϕeachϕpart,ϕtheϕprogramϕdisplaysϕtheϕsurfaceϕareasϕrelativeϕtoϕtheϕtotalϕlength. Theϕsurfaceϕareaϕis
determinedϕfromϕthe Surface ofϕtheϕcross-sectionϕthatϕcanϕbeϕfoundϕinϕWindowsϕ1.3ϕandϕ2.1ϕtoϕ2.5ϕin
theϕcross-sectionϕinfo (see Figure 2.20 ).
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Volume

Theϕvolumeϕofϕaϕpartϕisϕdeterminedϕfromϕtheϕcross-sectionalϕareaϕandϕtheϕtotalϕlength.

Unit Weight

The Unit Weight representsϕtheϕcross-sectionϕweightϕrelativeϕtoϕtheϕlengthϕofϕoneϕmeter. Forϕtapered
cross-sections,ϕtheϕprogramϕaveragesϕbothϕcross-sectionϕweights.

Weight

TheϕvaluesϕofϕthisϕcolumnϕareϕdeterminedϕfromϕtheϕproductϕofϕtheϕentriesϕinϕcolumnsϕCϕandϕG.

Total Weight

Theϕfinalϕcolumnϕindicatesϕtheϕtotalϕweightϕofϕeachϕpart.

Sum

Atϕtheϕbottomϕofϕtheϕlist,ϕyouϕfindϕaϕsummaryϕofϕtheϕvaluesϕshownϕinϕcolumnsϕB,ϕD,ϕE,ϕF,ϕandϕI.ϕTheϕlast
rowϕofϕthe Total Weight columnϕshowsϕtheϕrequiredϕtotalϕamountϕofϕsteel.

Parts List by Set of Members4.10

Figure 4.15 Window 4.2 Parts List by Set of Members

Theϕlastϕresultϕwindowϕisϕdisplayedϕifϕatϕleastϕoneϕsetϕofϕmembersϕhasϕbeenϕselectedϕforϕdesign. Itϕgives
anϕoverviewϕofϕtheϕsteelϕpartsϕofϕentireϕstructuralϕgroupsϕsuchϕasϕhorizontalϕbeams.

Theϕcolumnsϕareϕdescribedϕinϕtheϕpreviousϕchapter. Ifϕthereϕareϕdifferentϕcross-sectionsϕwithinϕaϕsetϕof
members,ϕtheϕprogramϕaveragesϕtheϕsurfaceϕarea,ϕtheϕvolumeϕandϕtheϕcross-sectionϕweight.
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Results Evaluation5

Youϕcanϕevaluateϕtheϕdesignϕresultsϕinϕdifferentϕways. Theϕbuttonsϕbelowϕtheϕupperϕtableϕmayϕhelpϕyou.

Figure 5.1 Buttonsϕforϕresultsϕevaluation

Theϕbuttonsϕhaveϕtheϕfollowingϕfunctions:

Button Description Function

Modeϕshapes Opens Mode Shape View window
Chapter 5.4

Ultimateϕlimitϕstate Displaysϕorϕhidesϕresultsϕofϕultimateϕlimitϕstate
design

Serviceability Displaysϕorϕhidesϕresultsϕofϕserviceabilityϕlimitϕstate
design

Fireϕresistance Displaysϕorϕhidesϕresultsϕofϕfireϕprotectionϕdesign

Resultϕcombination Createsϕaϕnewϕresultϕcombinationϕfromϕgoverning
loadϕcasesϕandϕloadϕcombinations

Colorϕbars Displaysϕorϕhidesϕcoloredϕrelationϕscalesϕinϕresult
windows
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Filterϕparameters Describesϕcriterionϕbyϕwhichϕresultsϕareϕfilteredϕin
tables:ϕratiosϕgreaterϕthanϕ1,ϕmaximumϕvalue,ϕor
user-definedϕlimit

Applyϕfilter Showsϕonlyϕrowsϕtoϕwhichϕfilterϕparametersϕapply
(ratio > 1,ϕmaximum,ϕdefined value)

Resultϕdiagrams Opens Result Diagram on Member window
 Chapter 5.2

Excelϕexport ExportsϕtableϕtoϕMSϕExcel
Chapter 7.4.3

Selectϕmember Selectsϕaϕmemberϕgraphicallyϕtoϕdisplayϕitsϕresults
inϕtheϕtable

Viewϕmode JumpsϕtoϕRFEMϕorϕRSTABϕworkϕwindowϕtoϕchange
theϕview

Table 5.1 ButtonsϕinϕtheϕresultϕWindowsϕ2.1ϕtoϕ2.5

Whenϕevaluatingϕfireϕresistanceϕdesigns,ϕyouϕcanϕhaveϕaϕlookϕatϕtheϕusedϕtemperature-timeϕcurve: Click
the button belowϕtheϕcross-sectionϕgraphicϕtoϕopenϕthe Fire Curves diagram,ϕasϕshownϕin Figure
3.6 to Figure 3.8 .
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Results on RFEM/RSTAB Model5.1

YouϕcanϕevaluateϕtheϕdesignϕresultsϕalsoϕinϕtheϕworkϕwindowϕofϕRFEMϕorϕRSTAB.

Background graphic and view mode

TheϕRFEM/RSTABϕworkϕwindowϕinϕtheϕbackgroundϕisϕusefulϕwhenϕyouϕwantϕtoϕfindϕtheϕpositionϕofϕa
particularϕmemberϕinϕtheϕmodel: TheϕmemberϕselectedϕinϕtheϕresultϕwindowϕofϕRF-/STEELϕEC3ϕis
highlightedϕinϕcolorϕinϕtheϕbackgroundϕgraphic. Moreover,ϕanϕarrowϕindicatesϕtheϕmember'sϕx-location
selectedϕinϕtheϕactiveϕtableϕrow.

Figure 5.2 Indicationϕofϕmemberϕandϕcurrent Location x inϕRFEMϕmodel

InϕcaseϕyouϕcannotϕimproveϕtheϕmodelϕdisplayϕbyϕmovingϕtheϕRF-/STEELϕEC3ϕmoduleϕwindow,ϕclickϕthe
[Jump to graphic] buttonϕtoϕactivateϕthe view mode: Theϕprogramϕhidesϕtheϕmoduleϕwindowϕsoϕthatϕyou
canϕadjustϕtheϕviewϕinϕtheϕRFEM/RSTABϕworkϕwindow. Theϕviewϕmodeϕprovidesϕtheϕfunctionsϕofϕthe
View menu,ϕforϕexample,ϕzooming,ϕmovingϕorϕrotatingϕtheϕmodelϕview. Theϕindicatingϕarrowϕremains
visible.

Click [Back] toϕreturnϕtoϕtheϕRF-/STEELϕEC3ϕadd-onϕmodule.

RFEM/RSTAB work window

Youϕcanϕcheckϕtheϕdesignϕratiosϕalsoϕgraphicallyϕinϕtheϕmodel: Clickϕthe [Graphics] buttonϕtoϕexitϕthe
designϕmodule. InϕtheϕworkϕwindowϕofϕRFEMϕorϕRSTAB,ϕtheϕdesignϕratiosϕareϕnowϕdisplayedϕlikeϕthe
internalϕforcesϕofϕaϕloadϕcase.

Inϕthe Results navigator,ϕyouϕcanϕselectϕtheϕdesignϕratiosϕseparatelyϕforϕtheϕultimateϕandϕthe
serviceabilityϕlimitϕstateϕdesignϕasϕwellϕasϕtheϕfireϕprotectionϕdesign. Itϕisϕalsoϕpossibleϕtoϕcheckϕthe
classificationsϕofϕcross-sections.
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Figure 5.3 Results navigatorϕforϕRF-/STEELϕEC3

Toϕturnϕonϕandϕoffϕtheϕdisplayϕofϕdesignϕresults,ϕclickϕthe [Show Results] buttonϕthatϕyouϕknowϕfromϕthe
displayϕofϕinternalϕforcesϕinϕRFEM/RSTAB. Clickϕthe [Show Result Values] buttonϕtoϕtheϕrightϕtoϕdisplay
theϕresultϕvalues.

TheϕRFEM/RSTABϕtablesϕareϕnotϕrelevantϕforϕtheϕevaluationϕofϕtheϕdesignϕresults.

Youϕcanϕsetϕtheϕdesignϕcasesϕinϕtheϕdrop-downϕlistϕofϕtheϕRFEM/RSTABϕmenuϕbar.

Toϕadjustϕtheϕgraphicalϕrepresentationϕofϕresults,ϕyouϕcanϕuseϕthe Results Members entryϕinϕthe
Display navigator. Theϕdisplayϕofϕdesignϕratiosϕis Two-Colored byϕdefault.

Figure 5.4 Display navigator: Results Members

Ifϕyouϕselectϕaϕmulticolorϕrepresentation (options With/Without Diagram or Cross-Sections), theϕcolor
panelϕbecomesϕavailable,ϕprovidingϕcommonϕcontrolϕfunctions. TheϕfunctionsϕareϕdescribedϕinϕChapter
3.4.6ϕofϕtheϕRFEMϕorϕRSTABϕmanual.
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Figure 5.5 Designϕratiosϕwithϕdisplayϕoption Without Diagram

Itϕisϕpossibleϕtoϕtransferϕtheϕgraphicsϕofϕdesignϕresultsϕtoϕtheϕprintoutϕreport (see Chapter 6.2 ).

Toϕreturnϕtoϕtheϕadd-onϕmodule,ϕclickϕthe [RF-/STEEL EC3] buttonϕinϕtheϕpanel.

Ifϕresultsϕofϕthe RF-/STEEL Warping Torsion moduleϕextensionϕareϕavailable,ϕtheϕcorresponding
internalϕforcesϕcanϕalsoϕbeϕcheckedϕonϕtheϕmodel. The Results navigatorϕprovidesϕadditionalϕentriesϕfor
this.

Figure 5.6 InternalϕForcesϕofϕWarpingϕTorsionϕCalculation
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Result Diagrams5.2

Youϕcanϕalsoϕevaluateϕtheϕmemberϕresultsϕgraphicallyϕinϕtheϕformϕofϕresultϕdiagrams.

Selectϕtheϕmember (or setϕof members) inϕtheϕRF-/STEELϕEC3ϕresultϕwindowϕbyϕclickingϕinϕtheϕmember's
tableϕrow. Then,ϕopenϕthe Result Diagram on Member dialogϕboxϕbyϕclickingϕtheϕbuttonϕshownϕonϕthe
left. Youϕcanϕfindϕitϕbelowϕtheϕupperϕresultϕtable (see Figure 5.1 ).

ToϕaccessϕtheϕresultϕdiagramsϕinϕtheϕRFEM/RSTABϕgraphic,ϕselectϕonϕtheϕmenu

Results Result Diagrams for Selected Members

orϕuseϕtheϕcorrespondingϕbuttonϕinϕtheϕtoolbarϕofϕRFEMϕorϕRSTAB.

Aϕwindowϕopensϕwhichϕshowsϕgraphicallyϕtheϕdistributionϕofϕtheϕdesignϕvaluesϕonϕtheϕmemberϕorϕsetϕof
members.

Figure 5.7 Dialogϕbox Result Diagram on Member

Again,ϕthe Results navigatorϕallowsϕforϕaϕtargetedϕselectionϕamongϕclassificationsϕandϕtheϕdesignsϕof
theϕultimateϕandϕtheϕserviceabilityϕlimitϕstateϕasϕwellϕasϕofϕfireϕresistance.

UseϕtheϕlistϕinϕtheϕtoolbarϕtoϕswitchϕbetweenϕtheϕRF-/STEELϕEC3ϕdesignϕcases.

The Result Diagram on Member dialogϕboxϕisϕdescribedϕinϕChapterϕ9.5ϕofϕtheϕRFEMϕorϕRSTAB
manual.
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Filter for Results5.3

TheϕarrangementϕofϕtheϕRF-/STEELϕEC3ϕresultϕwindowsϕalreadyϕprovidesϕaϕselectionϕbyϕvariousϕcriteria.
Inϕaddition,ϕthereϕareϕfilterϕoptionsϕforϕtheϕtables (see Figure 5.1 ) toϕlimitϕtheϕnumericalϕoutputϕby
designϕratios. Thisϕfunctionϕisϕalsoϕdescribedϕinϕthe Knowledge Base onϕourϕwebsite.

Furthermore,ϕyouϕcanϕuseϕtheϕfilterϕoptionsϕdescribedϕinϕChapterϕ9.9ϕofϕtheϕRFEMϕmanual,ϕorϕChapter
9.7ϕofϕtheϕRSTABϕmanual,ϕtoϕevaluateϕtheϕresultsϕgraphically.

Theϕpossibilitiesϕofferedϕbyϕthe Visibility function (see Chapterϕ9.9.1ϕinϕRFEMϕmanual,ϕorϕChapterϕ9.7.1
inϕRSTAB manual) areϕalsoϕavailableϕforϕRF-/STEELϕEC3ϕtoϕfilterϕtheϕmembersϕforϕtheϕevaluation.

Filtering designs

TheϕdesignϕratiosϕcanϕeasilyϕbeϕusedϕasϕfilterϕcriteriaϕinϕtheϕworkϕwindowϕofϕRFEMϕorϕRSTABϕthatϕyou
canϕaccessϕwithϕthe [Graphics] button. Toϕapplyϕthisϕfunction,ϕtheϕpanelϕmustϕbeϕdisplayed. Ifϕitϕisϕnot
active,ϕselectϕonϕtheϕRFEM/RSTABϕmenu View Control Panel (Color Scale, Factors, Filter)
orϕuseϕthe buttonϕinϕtheϕtoolbar.

TheϕpanelϕisϕdescribedϕinϕChapterϕ3.4.6ϕofϕtheϕRFEMϕorϕRSTABϕmanual. Theϕfilterϕsettingsϕforϕtheϕresults
mustϕbeϕdefinedϕinϕtheϕfirstϕpanelϕtab (Color scale). Asϕthisϕtabϕisϕnotϕavailableϕforϕtheϕtwo-colored
resultsϕdisplay,ϕyouϕhaveϕtoϕsetϕtheϕdisplayϕoptions With/Without Diagram or Cross-Sections inϕthe
Display navigator.

Figure 5.8 Filteringϕdesignϕratiosϕwithϕadjustedϕcolorϕscale

Asϕshownϕin Figure 5.8 , theϕpanel'sϕscaleϕofϕvaluesϕcanϕbeϕsetϕinϕsuchϕaϕwayϕthatϕonlyϕdesignϕratios
greaterϕthanϕ0.50ϕareϕdisplayedϕinϕaϕcolorϕrangeϕbetweenϕblueϕandϕred.

Theϕfunction Display Hidden Result Diagram inϕthe Display navigator (Results Members) shows
allϕdesignϕratiosϕwhichϕareϕbeyondϕtheϕvalueϕspectrum. Thoseϕdiagramsϕareϕrepresentedϕbyϕdotted
lines.
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Filtering members

Inϕthe Filter tabϕofϕtheϕcontrolϕpanel,ϕyouϕcanϕspecifyϕtheϕnumbersϕofϕparticularϕmembersϕtoϕdisplayϕtheir
resultsϕfiltered. TheϕfunctionϕisϕdescribedϕinϕChapterϕ9.9.3ϕofϕtheϕRFEMϕmanualϕorϕinϕChapterϕ9.7.3ϕof
theϕRSTABϕmanual.

Figure 5.9 Memberϕfilterϕforϕdesignϕratiosϕofϕaϕhallϕframe

Inϕcontrastϕtoϕtheϕvisibilityϕfunction,ϕtheϕmodelϕwillϕbeϕdisplayedϕcompletelyϕinϕtheϕgraphic. Theϕfigure
aboveϕshowsϕtheϕdesignϕratiosϕofϕaϕhallϕframe. Theϕremainingϕmembersϕareϕdisplayedϕinϕtheϕmodelϕbut
areϕshownϕwithoutϕdesignϕratios.
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Mode Shapes5.4

Theϕmodeϕshapesϕofϕtheϕsetsϕofϕmembersϕcanϕbeϕcheckedϕgraphicallyϕinϕaϕseparateϕwindow: Selectϕthe
relevantϕsetϕofϕmembersϕinϕtheϕresultϕwindow,ϕandϕthenϕclickϕthe [Mode Shapes] button.

Figure 5.10 Modeϕshapeϕofϕaϕsetϕofϕmembers

Theϕmodeϕshapesϕofϕtheϕsetsϕofϕmembersϕareϕcreatedϕautomaticallyϕwhenϕdeterminingϕtheϕcriticalϕfactor
αcr. Ifϕthe warping analysis withϕsevenϕdegreesϕofϕfreedomϕhasϕbeenϕselected (see Chapter 3.1.5 ),
theϕmodeϕshapesϕhaveϕbeenϕconsideredϕinϕtheϕcalculationϕwithϕtheϕriseϕofϕtheϕprecamberϕsetϕin
Windowϕ1.13 (see Figure 2.52 ).

Theϕmodeϕshapesϕareϕnotϕavailableϕinϕnumericalϕform.

Theϕbuttonsϕbelowϕtheϕgraphicϕareϕdescribedϕin Table 2.4 .

Useϕthe Display factor toϕdisplayϕtheϕmodeϕshapeϕinϕanϕexaggeratedϕgraphicalϕrepresentation.

Withϕthe [Print] button,ϕyouϕcanϕdirectlyϕprintϕtheϕcurrentϕgraphicϕorϕtransferϕitϕtoϕtheϕprintoutϕreport.

Theϕfollowingϕarticleϕpresentsϕanϕexampleϕforϕtheϕmodeϕshapeϕofϕaϕtaperedϕsteelϕframe:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156

5 Results Evaluation

89

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001156


RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Printout6

Printout Report6.1

AϕprintoutϕreportϕisϕgeneratedϕforϕtheϕdataϕofϕtheϕRF-/STEELϕEC3ϕadd-onϕmodule,ϕlikeϕinϕRFEMϕor
RSTAB,ϕtoϕwhichϕyouϕcanϕaddϕgraphicsϕandϕdescriptions. Theϕselectionϕinϕtheϕprintoutϕreportϕdetermines
whichϕdataϕfromϕtheϕdesignϕmoduleϕwillϕfinallyϕbeϕincludedϕinϕtheϕprintout.

TheϕprintoutϕreportϕisϕdescribedϕinϕtheϕRFEMϕorϕRSTABϕmanual. Chapterϕ10.1.3.4 Selecting Data of
Add-on Modules explainsϕhowϕtoϕprepareϕinputϕandϕoutputϕdataϕofϕadd-onϕmodulesϕforϕtheϕprintout.

Figure 6.1 Selectingϕdesignsϕandϕintermediateϕresultsϕinϕtheϕprintoutϕreport

Clickϕthe [Details] buttonϕtoϕspecifyϕifϕtheϕprintoutϕalsoϕincludesϕintermediateϕresults. Theyϕcanϕbe
definedϕinϕaϕlistϕandϕdocumentedϕinϕa Short (compact representation) or Long form (list representation).

Forϕcomplexϕstructuralϕsystemsϕwithϕmanyϕdesignϕcases,ϕitϕisϕrecommendedϕtoϕsplitϕdataϕintoϕseveral
reports,ϕthusϕallowingϕforϕaϕclearly-arrangedϕprintout.
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Graphic Printout6.2

InϕRFEMϕandϕRSTAB,ϕyouϕcanϕtransferϕeveryϕimageϕdisplayedϕinϕtheϕworkϕwindowϕtoϕtheϕprintout
report.ϕItϕisϕalsoϕpossibleϕtoϕsendϕitϕdirectlyϕtoϕtheϕprinter. Thus,ϕtheϕdesignϕratiosϕdisplayedϕinϕtheϕmodel
canϕbeϕpreparedϕforϕtheϕprintout,ϕtoo.

TheϕprintingϕofϕgraphicsϕisϕdescribedϕinϕChapterϕ10.2ϕofϕtheϕRFEMϕorϕRSTABϕmanual.

Designs in RFEM/RSTAB model

Toϕprintϕtheϕcurrentϕgraphicϕofϕdesignϕratios,ϕselectϕonϕtheϕmenu

File Print Graphic

orϕuseϕtheϕtoolbarϕbuttonϕshownϕonϕtheϕleft.

Figure 6.2 Print Graphic buttonϕinϕRFEMϕtoolbar

Result diagrams

Alsoϕinϕthe Result Diagram on Member dialogϕbox,ϕyouϕcanϕsendϕtheϕgraphicϕwithϕdesignϕvaluesϕtoϕthe
reportϕbyϕclickingϕthe [Print] button.ϕAlternatively,ϕyouϕcanϕprintϕitϕdirectly.

Figure 6.3 Print buttonϕin Result Diagram on Member dialogϕbox

Theϕfollowingϕdialogϕboxϕopens:

Figure 6.4 Dialogϕbox Graphic Printout, tab General
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The Graphic Printout dialogϕboxϕisϕdescribedϕinϕChapterϕ10.2ϕofϕtheϕRFEMϕorϕRSTABϕmanual. There,
youϕfindϕalsoϕdescriptionsϕofϕtheϕremainingϕdialogϕtabs.

Toϕmoveϕaϕgraphicϕwithinϕtheϕprintoutϕreportϕtoϕanotherϕposition,ϕuseϕtheϕdrag-and-dropϕfunction.

Toϕadjustϕaϕgraphicϕsubsequentlyϕinϕtheϕprintoutϕreport,ϕright-clickϕtheϕrelevantϕentryϕinϕtheϕreport
navigator. The Properties optionϕinϕtheϕshortcutϕmenuϕagainϕopensϕthe Graphic Printout dialogϕbox,
offeringϕvariousϕoptionsϕforϕadjustment.

Figure 6.5 Dialogϕbox Graphic Printout, tab Options
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General Functions7

Thisϕchapterϕdescribesϕusefulϕmenuϕfunctionsϕasϕwellϕasϕexportϕoptions.

Design Cases7.1

Designϕcasesϕallowϕyouϕtoϕgroupϕmembersϕforϕtheϕdesigns. Thisϕway,ϕyouϕcanϕconsiderϕgroupsϕof
structuralϕcomponentsϕorϕanalyzeϕmembersϕwithϕparticularϕdesignϕspecifications (for example,ϕchanged
materials,ϕpartialϕsafetyϕfactors, optimization).

Itϕisϕnoϕproblemϕtoϕanalyzeϕtheϕsameϕmemberϕorϕsetϕofϕmembersϕinϕdifferentϕdesignϕcases.

YouϕcanϕaccessϕtheϕdesignϕcasesϕofϕRF-/STEELϕEC3ϕalsoϕinϕRFEMϕorϕRSTABϕbyϕusingϕtheϕloadϕcaseϕlist
ofϕtheϕtoolbar.

Create a new design case

Toϕcreateϕaϕnewϕdesignϕcase,ϕselectϕonϕtheϕRF-/STEELϕEC3ϕmenu

File New Case.

Theϕfollowingϕdialogϕboxϕappears.

Figure 7.1 Dialogϕbox New RF-STEEL EC3 Case

Inϕthisϕdialogϕbox,ϕenterϕa No. (one thatϕisϕnotϕyet assigned) forϕtheϕnewϕdesignϕcase. A Description will
makeϕtheϕselectionϕinϕtheϕloadϕcaseϕlistϕeasier.

Afterϕclicking [OK], theϕRF-/STEELϕEC3ϕWindow 1.1 General Data opensϕforϕenteringϕtheϕdesignϕdata.

Rename a design case

Toϕchangeϕtheϕdescriptionϕofϕaϕdesignϕcase,ϕselectϕonϕtheϕRF-/STEELϕEC3ϕmenu

File Rename Case.

Theϕfollowingϕdialogϕboxϕappears.

Figure 7.2 Dialogϕbox Rename RF-STEEL EC3 Case

Inϕthisϕdialogϕbox,ϕyouϕcanϕspecifyϕaϕdifferent Description asϕwellϕasϕaϕdifferent No. forϕtheϕdesignϕcase.
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Copy a design case

Toϕcopyϕtheϕinputϕdataϕofϕtheϕcurrentϕdesignϕcase,ϕselectϕonϕtheϕRF-/STEELϕEC3ϕmenu

File Copy Case.

Theϕfollowingϕdialogϕboxϕappears.

Figure 7.3 Dialogϕbox Copy RF-STEEL EC3 Case

Defineϕthe No. and,ϕifϕnecessary,ϕa Description forϕtheϕnewϕcase.

Delete a design case

Toϕdeleteϕaϕdesignϕcase,ϕselectϕonϕtheϕRF-/STEELϕEC3ϕmenu

File Delete Case.

Theϕfollowingϕdialogϕboxϕappears.

Figure 7.4 Dialogϕbox Delete Cases

Youϕcanϕselectϕtheϕdesignϕcaseϕinϕtheϕlistϕof Available Cases. Toϕdeleteϕtheϕselectedϕcase,ϕclick [OK].
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Cross-Section Optimization7.2

Theϕdesignϕmoduleϕoffersϕyouϕtheϕpossibilityϕtoϕoptimizeϕoverloadedϕorϕlittleϕutilizedϕcross-sections:
Defineϕtheϕrelevantϕsectionsϕinϕwindow 1.3 Cross-Sections byϕopeningϕtheϕdrop-downϕlistϕinϕcolumnϕEϕor
Fϕwhereϕyouϕdecideϕifϕtheϕcross-sectionsϕareϕtoϕbeϕdetermined From current row orϕfromϕuser-defined
Favorites (see Figure 2.18 ). Youϕcanϕalsoϕstartϕtheϕoptimizationϕinϕtheϕresultϕwindowsϕbyϕusingϕthe
shortcutϕmenu.

Figure 7.5 Shortcutϕmenuϕforϕcross-sectionϕoptimization

Duringϕtheϕoptimizationϕprocess,ϕRF-/STEELϕEC3ϕdeterminesϕtheϕcross-sectionϕthatϕfulfillsϕtheϕultimate
limitϕstate (!) designϕinϕtheϕmost "optimal" way,ϕthatϕis,ϕcomesϕasϕcloseϕasϕpossibleϕtoϕtheϕmaximum
allowableϕdesignϕratioϕspecifiedϕinϕthe Details dialogϕbox (see Figure 3.14 ). Theϕrequired
cross-sectionϕpropertiesϕareϕdeterminedϕwithϕtheϕinternalϕforcesϕasϕavailableϕfromϕRFEMϕorϕRSTAB. If
anotherϕcross-sectionϕprovesϕtoϕbeϕmoreϕfavorable,ϕitϕisϕusedϕforϕtheϕdesign. Then,ϕtheϕgraphicϕin
Windowϕ1.3ϕshowsϕtwoϕcross-sections – theϕoriginalϕcross-sectionϕfromϕRFEMϕorϕRSTABϕandϕthe
optimizedϕcross-section (see Figure 7.7 ).

Ifϕyouϕselectϕthe Optimize optionϕforϕaϕparametricϕcross-section,ϕtheϕfollowingϕdialogϕboxϕappears.

Figure 7.6 Dialogϕbox Thin-Walled Cross-Sections - Symmetric I-Section : Optimize
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Youϕdetermineϕthe parameter(s) thatϕyouϕwantϕtoϕmodifyϕbyϕselectingϕthe Optimize check box(es). This
enablesϕthe Minimum and Maximum columnsϕwhereϕyouϕcanϕdefineϕtheϕupperϕandϕlowerϕlimitsϕofϕthe
parameter. The Increment columnϕcontrolsϕtheϕintervalϕinϕwhichϕtheϕsizeϕofϕtheϕparameterϕvariesϕduring
theϕoptimizationϕprocess.

Ifϕyouϕwantϕto Keep current side proportions, activateϕtheϕcorrespondingϕcheckϕbox. Inϕaddition,ϕyou
haveϕtoϕselectϕatϕleastϕtwoϕparametersϕforϕoptimization.

Cross-sectionsϕcomposedϕofϕrolledϕcross-sectionsϕcannotϕbeϕoptimized.

Pleaseϕnoteϕthatϕduringϕtheϕoptimizationϕtheϕinternalϕforcesϕwon'tϕbeϕautomaticallyϕrecalculatedϕwithϕthe
modifiedϕcross-sections: Itϕisϕupϕtoϕyouϕtoϕdecideϕwhichϕcross-sectionsϕshouldϕbeϕtransferredϕtoϕRFEMϕor
RSTABϕforϕrecalculation. Asϕaϕresultϕofϕoptimizedϕcross-sections,ϕtheϕinternalϕforcesϕmayϕdiffer
significantlyϕbecauseϕofϕtheϕmodifiedϕstiffnessesϕinϕtheϕstructuralϕsystem. Therefore,ϕitϕisϕrecommendedϕto
recalculateϕtheϕinternalϕforcesϕwithϕtheϕmodifiedϕcross-sectionsϕafterϕtheϕfirstϕoptimization,ϕandϕthenϕto
optimizeϕtheϕcross-sectionsϕonceϕagain.

Youϕcanϕexportϕtheϕmodifiedϕcross-sectionsϕtoϕRFEMϕorϕRSTAB: Goϕtoϕthe 1.3 Cross-Sections window
andϕselectϕonϕtheϕmenu

Edit Export All Cross-Sections to RFEM/RSTAB.

YouϕcanϕalsoϕuseϕtheϕshortcutϕmenuϕinϕWindowϕ1.3ϕtoϕexportϕoptimizedϕcross-sectionsϕtoϕRFEMϕor
RSTAB.

Figure 7.7 ShortcutϕmenuϕinϕWindow 1.3 Cross-Sections

Beforeϕtheϕmodifiedϕcross-sectionsϕareϕtransferred,ϕaϕqueryϕappearsϕaskingϕifϕtheϕresultsϕofϕRFEMϕor
RSTABϕshouldϕbeϕdeleted.

Figure 7.8 Queryϕbeforeϕtransferϕofϕmodifiedϕcross-sectionsϕtoϕRFEM
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Afterϕstartingϕthe [Calculation] inϕRF-/STEELϕEC3,ϕtheϕinternalϕforcesϕandϕdesignϕratiosϕareϕdetermined
inϕoneϕcalculationϕrun.

Ifϕtheϕmodifiedϕcross-sectionsϕhaveϕnotϕyetϕbeenϕexportedϕtoϕRFEMϕorϕRSTAB,ϕyouϕcanϕreimportϕthe
originalϕcross-sectionsϕtoϕtheϕdesignϕmoduleϕbyϕusingϕtheϕoptionsϕshownϕin Figure 7.7 . Pleaseϕnote
thatϕthisϕpossibilityϕisϕonlyϕavailableϕinϕthe 1.3 Cross-sections window.

Ifϕyouϕoptimizeϕaϕtaperedϕmember,ϕtheϕprogramϕmodifiesϕtheϕmemberϕstartϕandϕend andϕlinearly
interpolatesϕtheϕsecondϕmomentsϕofϕareaϕforϕtheϕintermediateϕlocations. Sinceϕtheseϕmomentsϕare
consideredϕwithϕtheϕfourthϕpower,ϕtheϕdesignsϕmayϕbeϕinaccurateϕifϕtheϕdepthsϕofϕtheϕstartϕandϕend
cross-sectionϕdifferϕconsiderably. Inϕsuchϕaϕcase,ϕitϕisϕrecommendedϕtoϕdivideϕtheϕtaperϕintoϕseveral
members,ϕthusϕmodelingϕtheϕtaperϕlayoutϕmanually.

Units and Decimal Places7.3

TheϕunitsϕandϕdecimalϕplacesϕareϕmanagedϕforϕRFEM/RSTABϕandϕtheϕadd-onϕmodulesϕinϕoneϕdialog
box. InϕRF-/STEELϕEC3,ϕyouϕcanϕaccessϕthisϕdialogϕboxϕforϕadjustingϕtheϕunitsϕbyϕselectingϕonϕtheϕmenu

Settings Units and Decimal Places.

TheϕdialogϕboxϕknownϕfromϕRFEMϕorϕRSTABϕappears. TheϕRF-/STEELϕEC3ϕadd-onϕmoduleϕisϕpresetϕin
the Program / Module list.

Figure 7.9 Dialogϕbox Units and Decimal Places

Theϕmodifiedϕsettingsϕcanϕbeϕsavedϕasϕuserϕprofileϕandϕreusedϕinϕotherϕmodels. Theϕfunctionsϕare
describedϕinϕChapterϕ11.1.3ϕofϕtheϕRFEMϕorϕRSTABϕmanual.
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Data Transfer7.4

Exporting Materials to RFEM/RSTAB7.4.1

IfϕtheϕmaterialsϕhaveϕbeenϕadjustedϕinϕRF-/STEELϕEC3ϕforϕtheϕdesign,ϕyouϕcanϕexportϕtheϕmodified
materialsϕtoϕRFEMϕorϕRSTABϕinϕaϕsimilarϕwayϕasϕyouϕexportϕcross-sections: Openϕthe 1.2 Materials
window,ϕandϕthenϕselectϕonϕtheϕmenu

Edit Export All Materials to RFEM/RSTAB.

YouϕcanϕalsoϕuseϕtheϕshortcutϕmenuϕinϕWindowϕ1.2ϕtoϕexportϕmaterialsϕtoϕRFEM/RSTAB.

Figure 7.10 ShortcutϕmenuϕofϕWindow 1.2 Materials

Beforeϕtheϕmodifiedϕcross-sectionsϕareϕtransferred,ϕaϕqueryϕappearsϕaskingϕifϕtheϕresultsϕofϕRFEMϕor
RSTABϕshouldϕbeϕdeleted. Afterϕstartingϕthe [Calculation] inϕRF-/STEELϕEC3,ϕtheϕinternalϕforcesϕand
designϕratiosϕareϕdeterminedϕinϕoneϕcalculationϕrun.

IfϕtheϕmodifiedϕmaterialsϕhaveϕnotϕyetϕbeenϕexportedϕtoϕRFEMϕorϕRSTAB,ϕyouϕcanϕreimportϕtheϕoriginal
materialsϕtoϕtheϕdesignϕmoduleϕbyϕusingϕtheϕoptionsϕshownϕin Figure 7.10 . Pleaseϕnoteϕthatϕthis
possibilityϕisϕonlyϕavailableϕinϕthe 1.2 Materials window.

Exporting Effective Lengths to RFEM/RSTAB7.4.2

IfϕtheϕeffectiveϕlengthsϕhaveϕbeenϕadjustedϕinϕRF-/STEELϕEC3ϕforϕtheϕdesigns,ϕyouϕcanϕalsoϕexportϕthe
modifiedϕeffectiveϕlengthsϕtoϕRFEMϕorϕRSTAB: Goϕtoϕthe 1.5 Effective Lengths - Members windowϕand
selectϕonϕtheϕmenu

Edit Export All Effective Lengths to RFEM/RSTAB.

YouϕcanϕalsoϕuseϕtheϕshortcutϕmenuϕinϕWindowϕ1.5ϕtoϕexportϕeffectiveϕlengthsϕtoϕRFEM/RSTAB.

Figure 7.11 ShortcutϕmenuϕofϕWindow 1.5 Effective Lengths - Members

Beforeϕtheϕmodifiedϕeffectiveϕlengthsϕareϕtransferred,ϕaϕqueryϕappearsϕaskingϕifϕtheϕresultsϕofϕRFEM/
RSTABϕshouldϕbeϕdeleted.

IfϕtheϕmodifiedϕeffectiveϕlengthsϕhaveϕnotϕyetϕbeenϕexportedϕtoϕRFEMϕorϕRSTAB,ϕyouϕcanϕreimportϕthe
originalϕeffectiveϕlengthsϕtoϕtheϕdesignϕmoduleϕbyϕusingϕtheϕoptionsϕshownϕin Figure 7.11 .
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Export of Results7.4.3

TheϕRF-/STEELϕEC3ϕresultsϕcanϕalsoϕbeϕusedϕbyϕotherϕprograms.

Clipboard

Toϕcopyϕcellsϕselectedϕinϕtheϕresultsϕwindowsϕtoϕtheϕclipboard,ϕuseϕtheϕkeys [Ctrl]+[C]. Toϕinsertϕthem,
forϕexample,ϕinϕaϕwordϕprocessingϕprogram,ϕpress [Ctrl]+[V]. Theϕheadersϕofϕtheϕtableϕcolumnsϕwon't
beϕtransferred.

Printout report

TheϕdataϕofϕRF-/STEELϕEC3ϕcanϕbeϕprintedϕintoϕtheϕprintoutϕreport (see Chapter 6.1 ) whereϕtheyϕcan
beϕexported.ϕThen,ϕinϕtheϕprintoutϕreport,ϕselectϕonϕtheϕmenu

File Export to RTF.

ThisϕfunctionϕisϕdescribedϕinϕChapterϕ10.1.11ϕofϕtheϕRFEMϕorϕRSTABϕmanual.

Excel

RF-/STEELϕEC3ϕprovidesϕaϕfunctionϕforϕdirectlyϕexportingϕdataϕtoϕMSϕExcelϕorϕtheϕCSVϕfileϕformat. To
accessϕthisϕfunction,ϕselectϕonϕtheϕmenu

File Export Tables.

Theϕfollowingϕexportϕdialogϕboxϕopens.

Figure 7.12 Dialogϕbox Export of Tables

Whenϕyouϕhaveϕselectedϕtheϕrelevantϕdata,ϕyouϕcanϕstartϕtheϕexportϕwith [OK]. Excelϕwillϕbeϕstarted
automatically,ϕthatϕis,ϕyouϕdoϕnotϕneedϕtoϕopenϕtheϕprogramϕfirst.
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Figure 7.13 Resultsϕin Excel
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Examples8

ThisϕchapterϕpresentsϕtwoϕexamplesϕdescribingϕtheϕdesignϕwithϕRF-/STEELϕEC3. Otherϕexamplesϕare
describedϕinϕtheϕfollowingϕarticlesϕonϕourϕwebsite:

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001377

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001447

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001600

https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001622

Stability8.1

Weϕwillϕperformϕsomeϕstabilityϕanalysesϕforϕflexuralϕbucklingϕandϕlateral-torsionalϕbucklingϕforϕa
columnϕwithϕdouble-bending,ϕconsideringϕtheϕinteractionϕconditions.

Design values

System and loads

Figure 8.1 SystemϕandϕLoading

Design values of static loads
Nd =ϕ300ϕkN
qz,d =ϕ5ϕkN/m
Fy,d =ϕ7.5ϕkN
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Internal forces according to linear static analysis

Figure 8.2 Internalϕforces

Design locations (governing x-location)

Theϕdesignϕisϕperformedϕforϕallϕx-locations (see Chapter 4.5 ) ofϕtheϕequivalentϕmember. The
governingϕlocationϕisϕxϕ=ϕ2.00ϕm. RFEMϕorϕRSTABϕdeterminesϕtheϕfollowingϕinternalϕforces:

N My Mz Vy Vz

-300.00ϕkN 10.00ϕkNm 7.50ϕkNm 3.75ϕkN 0.00ϕkN

Table 8.1 Internalϕforces

Cross-section properties HE-B 160, S 235

Property Symbol Value Unit

Cross-sectionalϕarea A 54.30 cm²

Momentϕofϕinertia Iy 2490.00 cm4

Momentϕofϕinertia Iz 889.00 cm4

Radiusϕofϕgyration iy 6.78 cm

Radiusϕofϕgyration iz 4.05 cm

Polarϕradiusϕofϕgyration ip 7.90 cm

Polarϕradiusϕofϕgyration ip,M 41.90 cm

Sectionϕweight G 42.63 kg/m
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Torsionalϕconstant IT 31.40 cm4

Warpingϕconstant Iω 47940.00 cm6

Elasticϕsectionϕmodulus Wy 311.00 cm3

Elasticϕsectionϕmodulus Wz 111.00 cm3

Plasticϕsectionϕmodulus Wpl,y 354.00 cm3

Plasticϕsectionϕmodulus Wpl,z 169.96 cm3

Bucklingϕcurve BCy b

Bucklingϕcurve BCz c

Table 8.2 Cross-sectionϕpropertiesϕHE-Bϕ160,ϕSϕ235

Flexural buckling about minor axis (⊥ to z-z axis)

Ncr z

21000 889 00 2

400 002
1151 60 kN

l z

A f y

Ncr z

54 30 23 5
1151 60

1 053 0 2

Designϕforϕflexuralϕbucklingϕmustϕbeϕperformed.

cross-sectionalϕgeometry:ϕh/bϕ=ϕ1.00 ≤ 1.2;ϕstructuralϕsteelϕSϕ235;ϕt ≤ 100ϕmm

[1] Tableϕ6.2,ϕrowϕ3,ϕcolumnϕ4:ϕbucklingϕcurve c

⇒ αz = 0.49 ([1] Table 6.1)

F 0 5 [1 0 49 1 053 0 2 1 0532] 1 263

c z

1

1 263 1 2632 1 0532
0 510

NEd

c z A f y g M1

300
0 510 54 30 23 5 1 0

0 461
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Results of RF-/STEEL EC3 calculation

Secondϕmomentϕofϕarea Iz 889.00 cm4

Effectiveϕmemberϕlength Lcr,z 4.000 m

Elasticϕflexuralϕbucklingϕforce Ncr,z 1151.60 kN

Slenderness λz 1.053 > 0.2 6.3.1.2(4)

Bucklingϕcurve BCz c Tab.ϕ6.2

Imperfectionϕfactor αz 0.490 Tab.ϕ6.1

Auxiliaryϕfactor Φz 1.263 6.3.1.2(1)

Reductionϕfactor χz 0.510 Eq. (6.49)

Table 8.3 ResultsϕofϕRF-/STEELϕEC3ϕcalculation

Flexural buckling about major axis (⊥ to y-y axis)

Ncr y

21000 2490 00 2

400 002
3225 51 kN

l y

A f y

Ncr y

54 30 23 5
3225 51

0 629 0 2

Designϕforϕflexuralϕbucklingϕmustϕbeϕperformed.

cross-sectionalϕgeometry:ϕh/bϕ=ϕ1.00 ≤ 1.2;ϕstructuralϕsteelϕSϕ235;ϕt ≤ 100ϕmm

[1] Tableϕ6.2,ϕrowϕ3,ϕcolumnϕ4:ϕbucklingϕcurve b

⇒ αy = 0.34 ([1] Table 6.1)

F 0 5 [1 0 34 0 629 0 2 0 6292] 0 771

c y

1

0 771 0 7712 0 6292
0 822

NEd

c y A f y g M1

300
0 822 54 30 23 5 1 0

0 286
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Results of RF-/STEEL EC3 calculation

Secondϕmomentϕofϕarea Iy 2490.00 cm4

Effectiveϕmemberϕlength Lcr,y 4.000 m

Elasticϕflexuralϕbucklingϕforce Ncr,y 3225.51 kN

Cross-sectionalϕarea A 54.30 cm2

Yieldϕstrength fy 23.50 kN/cm2 3.2.1

Slenderness λy 0.629 > 0.2 6.3.1.2(4)

Bucklingϕcurve BCy b Tab.ϕ6.2

Imperfectionϕfactor αy 0.340 Tab.ϕ6.1

Auxiliaryϕfactor Φy 0.771 6.3.1.2(1)

Reductionϕfactor χy 0.822 Eq. (6.49)

Table 8.4 ResultsϕofϕRF-/STEELϕEC3ϕcalculation

Lateral-torsional buckling

Ideal elastic critical moment

Inϕthisϕexample,ϕtheϕelasticϕcriticalϕmomentϕforϕlateral-torsionalϕbucklingϕisϕdeterminedϕaccordingϕtoϕthe
AustrianϕNationalϕAnnexϕwithϕassumptionϕofϕhingedϕsupportsϕfreeϕtoϕwarp.

Theϕloadϕapplicationϕpointϕisϕassumedϕtoϕbeϕinϕtheϕshearϕcenter (you canϕadjustϕtheϕapplicationϕpoint
forϕtransverseϕloadsϕinϕthe Details dialog box, cf. Chapter 3.1.2 ).

Mcr C1

2 E I z

2

I w

I z

2 G I t

2 E I z

Mcr 1 13
2 21000 889

4002

47940
889

4002 8100 31 40
2 21000 889

215 71 kNm

Theϕprogramϕalsoϕshows Mcr,0 whichϕisϕdeterminedϕonϕtheϕbasisϕofϕaϕconstantϕmomentϕdistribution.

Forϕtheϕresultsϕbyϕx-location,ϕtheϕprogramϕalsoϕshowsϕthe Mcr,x values. Thoseϕareϕtheϕelasticϕcritical
momentsϕatϕtheϕx-locationsϕrelativeϕtoϕtheϕelasticϕcriticalϕmomentϕatϕtheϕlocationϕofϕtheϕmaximum
moment. Using Mcr,x, theϕprogramϕthenϕcalculatesϕtheϕrelativeϕslenderness ƛLT.
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Slenderness for lateral-torsional buckling

Calculationϕaccordingϕto [1] clauseϕ6.3.2.2ϕforϕlocationϕwithϕtheϕmaximumϕmomentϕatϕxϕ=ϕ2.00ϕm:

HEB-160,ϕcross-sectionϕclassϕ1: Wy = Wpl,y =ϕ354.00 cm3

l LT

Wy f y

Mcr

354 23 5
215 71

0 621

Reduction factor χLT

Calculationϕaccordingϕto [1] clauseϕ6.3.2.3

HEB-160: h/bϕ=ϕ1.0 < 2.0 ⇒ buckling curve b accordingϕto [1] Tableϕ6.5

Auxiliaryϕfactor:

F LT 0 5 1 a LT l LT l LT 0 b l
LT
2

F LT 0 5 1 0 34 0 621 0 40 0 75 0 6212 0 682

Limitingϕslenderness:

l LT 0 0 40

Parameter (minimum value):

b 0 75

Imperfectionϕfactorϕaccordingϕto [1] Tableϕ6.3:

a LT 0 34

c LT

1

F LT F
LT
2 b l

LT
2

1

0 682 0 6822 0 75 0 6212
0 908

Accordingϕto [1] clauseϕ6.3.2.3,ϕtheϕreductionϕfactorϕmayϕbeϕmodifiedϕasϕfollows:

c LT mod

c LT

f
where f 1 0 5 1 k c 1 2 0 l LT 0 82

c LT mod

0 908
0 972

0 934

Correctionϕfactor kc accordingϕto [1] Table 6.6ϕforϕaϕparabolicϕmomentϕdiagram:

k c 0 94

f 1 0 5 1 0 94 [1 2 0 0 621 0 8 2] 0 972
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Interaction factors kyy and kyz

Determinationϕaccordingϕto [6] Annex B,ϕTableϕB.2,ϕforϕstructuralϕcomponentsϕsusceptibleϕto
torsionalϕdeformations

Theϕequivalentϕmomentϕfactor CmLT isϕobtainedϕaccordingϕtoϕTableϕB.3ϕfor ψ =ϕ0ϕas:

Cmy CmLT 0 95 0 05 a h 0 95 where a h

Mh

Ms

0
10

0

k yy Cmy 1 l y 0 2
NEd

c y NRk g M1

Cmy 1 0 8
NEd

c y NRk g M1

k yy 0 95 1 0 629 0 2 0 286 0 95 1 0 8 0 286 1 067 1 167

k yz 0 60 k zz 0 60 1 481 0 888

Interaction factors kzy and kzz

Determinationϕaccordingϕto [1] AnnexϕB,ϕTableϕB.2,ϕforϕstructuralϕcomponentsϕsusceptibleϕto
torsionalϕdeformations

Theϕequivalentϕmomentϕfactor CmLT isϕobtainedϕaccordingϕtoϕTableϕB.3ϕfor ψ =ϕ0ϕas:

Cmz 0 90 0 01 a h 0 90 where a h

Mh

Ms

0
10

0

k zy 1
0 1 l z

CmLT 0 25

NEd

c z NRk g M1

1
0 1

CmLT 0 25

NEd

c z NRk g M1

k zy 1
0 1 1 053
0 95 0 25

0 461 1
0 1

0 95 0 25
0 461 0 892 0 934

k zy 0 934

k zz Cmz 1 2 l z 0 6
NEd

c z NRk g M1

Cmz 1 1 4
NEd

c z NRk g M1

k zz 0 90 1 2 1 053 0 6 0 461 0 90 1 1 4 0 461 1 525 1 481

k zz 1 481
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Interaction design for buckling about major axis and lateral-torsional buckling

Accordingϕto [1] Eq. (6.61) theϕfollowingϕrequirementϕmustϕbeϕfulfilled:

NEd

c y NRk g M1

k yy

My Ed

c LT My Rk g M1

k yz

Mz Ed

Mz Rk g M1

1

where

My Rk Wpl y f y 354 23 5 8319 kNcm 83 19 kNm

Mz Rk Wpl z f y 169 96 23 5 3994 1 kNcm 39 94 kNm

300
0 822 1276 05 1 0

1 067
10 0

0 908 83 19 1 0
0 888

7 50
39 94 1 0

0 594 1

Interaction design for buckling about minor axis and lateral-torsional buckling

Accordingϕto EN1993-1-1 Eq. (6.62) theϕfollowingϕrequirementϕmustϕbeϕfulfilled:

NEd

c z NRk g M1

k zy

My Ed

c LT My Rk g M1

k zz

Mz Ed

Mz Rk g M1

1

300
0 510 1276 05 1 0

0 934
10 0

0 908 83 19 1 0
1 481

7 50
39 94 1 0

0 863 1

Results of RF-/STEEL EC3 calculation

Sectionϕdepth h 160.0 mm

Sectionϕwidth b 160.0 mm

Criterion h/b 1.00 ≤ 2 Tab.ϕ6.5

Bucklingϕcurve BCLT b Tab.ϕ6.5

Imperfectionϕfactor αLT 0.340 Tab.ϕ6.3

Shearϕmodulus G 8100.00 kN/cm3

Lengthϕfactor kz 1.000

Lengthϕfactor kw 1.000

Length L 4.000 m

Warpingϕconstant Iw 47940.00 cm6

Torsionalϕconstant It 31.40 cm4
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ElasticϕcriticalϕmomentϕforϕLTB
forϕdeterminationϕofϕrelated
slenderness

Mcr,0 190.90 kNm

Momentϕdistribution Diagr
My

6) parabola

Maximumϕsaggingϕmoment My,max 10.00 kNm

Boundaryϕmoment My,A 0.00 kNm

Momentϕratio ψ 0.000

Momentϕfactor C1 1.130 [2]

Idealϕelasticϕcriticalϕmoment Mcr 215.71 kNm

Elasticϕsectionϕmodulus Wy 354.00 cm3

Slenderness λLT 0.621 6.3.2.2(1)

Parameter λLT,0 0.400 6.3.2.3(1)

Parameter β 0.750 6.3.2.3(1)

Auxiliaryϕfactor φLT 0.682 6.3.2.3(1)

Reductionϕfactor χLT 0.908 Eq. (6.57)

Correctionϕfactor kc 0.940 6.3.2.3(2)

Modificationϕfactor f 0.972 6.3.2.3(2)

Reductionϕfactor χLT,mod 0.934 Eq. (6.58)

Momentϕdistribution Diagr
My

3) maxϕin
span

Tab.ϕB.3

Momentϕfactor ψy 1.000 Tab.ϕB.3

Moment Mh,y 0.00 kNm Tab.ϕB.3

Moment Ms,y 10.00 kNm Tab.ϕB.3

Ratio Mh,y / Ms,y αh,y 0.000 Tab.ϕB.3

Loadϕtype Loadϕz uniformϕload Tab.ϕB.3
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Momentϕfactor Cmy 0.950 Tab.ϕB.3

Momentϕdistribution Diagr
Mz

3) maxϕin
span

Tab.ϕB.3

Momentϕfactor ψz 1.000 Tab.ϕB.3

Moment Mh,z 0.00 kNm Tab.ϕB.3

Moment Ms,z 7.50 kNm Tab.ϕB.3

Ratio Mh,z / Ms,z αh,z 0.000 Tab.ϕB.3

Loadϕtype Loadϕy concentrated
load

Tab.ϕB.3

Momentϕfactor Cmz 0.900 Tab.ϕB.3

Momentϕdistribution Diagr
My,LT

3) maxϕin
span

Tab.ϕB.3

Momentϕfactor ψy,LT 1.000 Tab.ϕB.3

Moment Mh,y,LT 0.00 kNm Tab.ϕB.3

Moment Ms,y,LT 10.00 kNm Tab.ϕB.3

Ratio Mh,y,LT / Ms,y,LT αh,y,LT 0.000 Tab.ϕB.3

Loadϕtype Loadϕz uniformϕload Tab.ϕB.3

Momentϕfactor CmLT 0.950 Tab.ϕB.3

Componentϕtype Com-
ponent

torsionally
weak

Interactionϕfactor kyy 1.067 Tab.ϕB.2

Interactionϕfactor kyz 0.888 Tab.ϕA.1

Interactionϕfactor kzy 0.934 Tab.ϕA.1

Interactionϕfactor kzz 1.481 Tab.ϕA.1

Axialϕforce (compression) NEd 300.00 kN

Governingϕcross-sectional
area

Ai 54.30 cm2 Tab.ϕ6.7
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Compressionϕresistance NRk 1276.05 kN Tab.ϕ6.7

Partialϕsafetyϕfactor γM1 1.000 6.1

DesignϕcomponentϕforϕN γNy 0.29 ≤ 1 Eq. (6.61)

DesignϕcomponentϕforϕN hNz 0.46 ≤ 1 Eq. (6.62)

Moment My,Ed 10.00 kNm

Momentϕresistance My,Rk 83.19 kNm Tab.ϕ6.7

Momentϕcomponent ηMy 0.13 Eq. (6.61)

Moment Mz,Ed 7.50 kNm

Elasticϕsectionϕmodulus WZ 169.96 cm3

Momentϕresistance Mz,Rk 39.94 kNm Tab.ϕ6.7

Momentϕcomponent ηMz 0.19 Eq. (6.61)

Designϕ1 η1 0.59 ≤ 1 Eq. (6.61)

Designϕ2 η2 0.86 ≤ 1 Eq. (6.62)

Table 8.5 ResultsϕofϕRF-/STEELϕEC3ϕcalculation
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Fire Resistance8.2

Thisϕexampleϕdescribesϕtheϕfireϕresistanceϕdesignϕforϕaϕsteelϕcolumn, usingϕtheϕNationalϕAnnexϕof
Germany.

System and loads

Figure 8.3

Columnϕcross-section:ϕHE-Bϕ300,ϕsteelϕSϕ235
System:ϕhingedϕcolumn, β =ϕ1.0
Systemϕheight:ϕ3ϕm
Loading: GK =ϕ1200ϕkN, QK =ϕ600ϕkN

Ultimate limit state design for room temperature

Flexural buckling about minor axis (⊥ to z-z axis)

Ncr z

21000 8560 00 2

300 002
19712 90 kN

l z

A f y

Ncr z

149 0 23 5
19712 90

0 422 0 2

Designϕforϕflexuralϕbucklingϕmustϕbeϕperformed.

cross-sectionalϕgeometry:ϕh/bϕ=ϕ1.00 ≤ 1.2;ϕstructuralϕsteelϕSϕ235;ϕt ≤ 100ϕmm

[1] Tableϕ6.2,ϕrowϕ3,ϕcolumnϕ4:ϕbucklingϕcurve c

⇒ αz = 0.49 ([1] Table 6.1)

F 0 5 [1 0 49 0 422 0 2 0 4222] 0 643

c z

1

0 643 0 6432 0 4222
0 886

NEd 1 35 GK 1 5 QK 1 35 1200 1 5 600 2520 kN

8 Examples

112



RF-/STEEL EC3 - UserϕManual

www.dlubal.com

Design ratio

NEd

c z A f y g M1

2520
0 886 149 0 23 5 1 1

0 894 1 0

Results of RF-/STEEL EC3 calculation

Secondϕmomentϕofϕarea Iz 8560.00 cm4

Effectiveϕmemberϕlength Lcr,z 3.000 m

Elasticϕflexuralϕbucklingϕforce Ncr,z 19712.9 kN

Slenderness λz 0.4215 > 0.2 6.3.1.2(4)

Bucklingϕcurve BCz c Tab.ϕ6.2

Imperfectionϕfactor αz 0.490 Tab.ϕ6.1

Auxiliaryϕfactor Φz 0.643 6.3.1.2(1)

Reductionϕfactor χz 0.886 Eq. (6.49)

Flexuralϕbucklingϕresistance Nb,z,Rd 2821.80 kN Eq. (6.47)

Designϕratio η 0.893 ≤ 1.0 Eq. (6.46)

Table 8.6 ResultsϕofϕRF-/STEELϕEC3ϕcalculation

Fire resistance design

Afterϕaϕfireϕexposureϕofϕ90ϕminutesϕaccordingϕtoϕtheϕstandardϕtemperature-timeϕcurve,ϕtheϕmeanϕsteel
temperatureϕisϕ524 ℃.

Aϕbox-shapedϕGRPϕencasement (glass-reinforced plastic) isϕusedϕasϕfireϕresistanceϕmaterial,ϕhavingϕthe
followingϕproperties:

Specificϕweight: ρp =ϕ945 kg/m3

Thermalϕconductivity: λp =ϕ0.2ϕW/K

Specificϕheatϕcapacity: cp =ϕ1700ϕJ/kgK

Thickness: dp =ϕ18ϕmm
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Determination of reduction factors

ky,Θ =ϕ0.704 [10] Tableϕ3.1

kE,Θ =ϕ0.528 [10] Tableϕ3.1

Design in fire situation according to [2] clause 4.2.3.2

Imperfectionϕfactor α:

a 0 65
235
f y

0 65
235
235

0 65

Non-dimensionalϕrelativeϕslenderness ƛΘ:

l Q l
k y Q

k E Q

05

0 422
0 704
0 528

05

0 486

Auxiliaryϕfactor:

F q
1
2

[1 a l q l q
2]

1
2

[1 0 65 0 486 0 4862] 0 776

Reductionϕfactorϕforϕflexuralϕbucklingϕinϕfireϕsituation:

c fi

1

j q j q
2 l q

2

1

0 776 0 7762 0 4862
0 724

Bucklingϕresistanceϕofϕstructuralϕcomponentϕsubjectedϕtoϕcompression:

Nb fi Rd

c fi A k y q f y

g M fi

0 724 149 0 0 704 23 5
1 0

1784 7 kN

Loadingϕinϕcaseϕofϕfire:

N fi Ed 1 0 Gk 0 9 Qk 1 0 1200 0 9 600 1740 kN

Design ratio

h
N fi Ed

Nb fi Rd

1740
1784 7

0 975 1 0
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Results of RF-/STEEL EC3 calculation

Reductionϕfactor ky,θ 0.704 [2] , Tab.ϕ3.1

Reductionϕfactor kE,θ 0.528 [2] , Tab.ϕ3.1

Slenderness λz,θ 0.486 [2] , Eq. (4.7)

Imperfectionϕfactor α 0.650 [2] , 4.2.3.2(2)

Auxiliaryϕfactor Φz,Θ 0.776 [2] , 4.2.3.2(2)

Reductionϕfactor χz,fi 0.724 [2] , Eq. (4.6)

Partialϕsafetyϕfactor γM,fi 1.000 [2] , 2.3 (1)

Flexuralϕbuckling
resistance

Nb,fi,z,Θ,Rd 1784.4 kN [2] , Eq. (4.5)

Designϕratio η 0.975 ≤ 1.0 [2] , Eq. (4.1)

Table 8.7 ResultsϕofϕRF-/STEELϕEC3ϕcalculation

Youϕcanϕfindϕmoreϕinformationϕaboutϕtheϕthermalϕbehaviorϕofϕsteelϕasϕaϕmaterialϕforϕstructuralϕfire
designϕinϕourϕKnowledgeϕBase:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001496

Anotherϕarticleϕdescribesϕtheϕfireϕresistanceϕdesignϕbyϕmeansϕofϕparametricϕtemperature-timeϕcurves:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001613
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