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Abstract

The design approach to shear buckling resistanaki@ion for corrugated web being a part
of a steel beam exposed to fire is presented ascusied in detail. It is based on the
experimentally confirmed interaction between thealoand global elastic instability failure
modes as well as on the possible yielding of theleilweb cross — section during fire.
Conclusively, the new formulae, adequate for spmtibn of the suitable shear buckling
coefficients depend not only on the web slenderbesslso on the temperature of structural
steel. The methodology proposed by the authors bmaradded to the current European
standard recommendations given in EN 1993-1-2welljustified design algorithm helpful

in reliable evaluation of safety level for steehbes with slender corrugated webs subject to
fire exposure. It seems to be highly desirable,abse at present there are no detailed
instructions in this field.
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INTRODUCTION

It is a common knowledge that in the case of d ste@m with corrugated web such web fails
due to shear buckling or yielding while its flangessist the whole bending moment.
Therefore, it is usually assumed that the constlereh can carry only shear forces applied to
the beam and estimation the value of its sheasteagieVgy becomes the main goal of many

analytical models. According to the approach giwre&N 1993-1-5 the design value of this
resistance is assessed by the specification adftbetive shear buckling coefficient :

f
VRd = Xchwtw ﬁ = XcVR,pl d (1)
M1

In this formulah,, andt,, are the web height and its thickness respectivgly, is the yield
point of the steel the web is made of apgl, is the suitable partial safety factor. It is
important that:

Xc = min(XcL 'XCG) (2)

where the first coefficienjyy is connected with the local shear buckling failarede (with
buckled areas limited to the single web panelsadi-waves), whereas the second ongs
deals with the global shear buckling failure mode. evaluate the values of such both
instability coefficients the web relative slendesses, A and AcG, are defined as follows:
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Finally:
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1 INTERACTIVE SHEAR BUCKLING COEFFICIENT
The standard approach presented above seems toybsimple and easy to use; however, it

IS necessary to say that it is not fully correctnathematical sense. Let in random realisation
the resistanc&g = min(Vg Vgrg) be the random variable, usually being comparet thie

associated shear force treated as the concurnetdmaaction effect. Such assumption does
not lead to the similar conclusion, dealing withe trsuitable design values, that
Vrg = minQ/RL’d ,VRG’d), suggested by the Eurocode. In this paper the muh@pose to

replace the classical instability factag. (taken from Eq. (2)) by another factor, named the
equivalent interactive shear buckling coefficignt;.; . It should give the web shear buckling

resistance assessment being significantly moreiggrdecause its defining formula is based
on the experimentally confirmed interactive relaidbetween the potential elastic — plastic
shear stresses. There are a lot of various inteeantlations betweemy | —7¢ g =7y (Or

only betweenr | — 7 ), proposed by many authors (Eldib, 2009). In furdealysis two

most popular of them are considered in detail. Tisé dne is written as follows:
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The exponentn is here most frequently adopted as 2 (El-Metwally, 1998) or even as
n=3 (Sayed-Ahmed, 2001).et us notice that in case when only interactiotwieen global
and local elastic instability failure modes is ddiesed, whereas the influence of web yielding
is neglected, this formula is shortened to theofeihg form:

1 _ 1 N 1 (©)

(Tcr,int)n (Tcr,L)n (Tcr,G)n

in which also various values of exponantcan be used, particularly= (Bergfelt) (Driver
et al.,, 2006),n= 2(Abbas) (Abbas et al., 2002) amd= (Hiroshi) (Hiroshi et al., 2003).

Multiplication of both sides of Eq. (5) b@y)” gives:

(Ty)n _ (Ty)n N (Ty)n i1
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(7)

Let Xcint = Tint/Ty » then:

n
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Consequently:
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Similarly, starting from Eg. (6) one have obtained:
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2 GENERALIZATION OF THE STANDARD APPROACH TO THE FIRE CASE

To evaluate considered web shear resistance unthgrdeveloped fire conditions not only
the yield point reduction specified for steel treatn is made of must be regarded through the
substitution in Eq. (1) the valuefyw by the productfyw,@ =ky,@fyw (where reduction

factors kyg = fyo/fy are given in EN 1993-1-2 for particular values miaterial

temperature®,) but also the reliable specification of the ralatiy; o :)(C(@a) should be

made and effectively applied to the analysis. Meeepthe suitable partial safety factor have
to be changed, fronp, 1 into y i , however in practice such conversion does not give

quantitative difference because in the standard 19MI1-1-2 it is suggested to be used
¥m .5 =10. Conclusively, Eq. (1) is rearranged to the form:

kyof
VRd,© = Xc,0VR,pl d,0 / , L2 (11)
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To study the influence of fire temperature on ibsiky coefficients it is convenient to rewrite
Egs. (2-4) into the alternative formulae being easier fielipretation:

Xe=xa f Acg <Ac=+0674+13041¢ (12)

Xe=Xeo If  Acg2Ac=+0674+1304 ¢ (13)

The resultant dependence obtained for persistaigmsituation (without any fire influence),
between the coefficieny. and the suitable relative web slendernesges, and AcG, is
shown in detail in Fig. 1a.
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Fig. 1 Relations between shear buckling coefficigt and relative slenderness@g. and

AcG a) in persistent design situation - accordingdo &), b) under fire conditions -
according to Eq. (22).

In further analysis relations between the steelpenature©, and the ultimate critical shear
stresses are examined, both for lorgl|, o and for globalr,, ¢ o instability failure modes.

Denotations applied in considered formulae, deswilthe corrugated web geometry, are
illustrated in detail in Fig. 2. Taking from thestlard EN 1993-1-5 one can obtain:



2
Tol = 4,83Ea(at¢] where  ayg, = max(a,c) (14)
max

It is easy to show that, for fire conditions:
Ter Lo =Keoler L  Where kpo=Eao/Ea (15)

Values of the reduction factd: o are also collected in the standard EN 1993-1-2.
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Fig.2.Interpretation of the web dimensions applied to.Et4, 16 and17).

Similarly, on the base of EN 1993-1-5 occurs:
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which means that:
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Let us notice that both Eqg. (15) and Eq. (18) adyfadequate not only in relation to

trapezoidally but also to sinusoidally corrugatesbw

Identification of the relations presented aboveovedl to generalize the definition of the
suitable relative web slendernesses, previouslyifspe by Eq. (3). They are now expressed
by the following formulae:

_ kyof Kyo — - kKyof kyo =
/1cL,(a=\/ Y0 _yw =\/ YO 3o and /1cG,®=\/ LAk L =\/ YO 36 (19)
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In consequence, Eqgs. 12 and 13 are changed inforthe
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Finally, having substituted both above equationsEtp (4), the relations between the
instability coefficients and the relative web slenmtesses, adequate for fire conditions, can be
obtained. They are given as follows:
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and both are illustrated in Fig. 1b for selectellies of steel temperatu@, .

3 ALTERNATIVE SHEAR BUCKLING COEFFICIENTS SPECIFIED FOR FIRE
CONDITIONS

Regarding an alternative design approach, propbgetthe authors (Mdak, tukacz, 2012)
and dealing with the concept of interactive sheskbng coefficients, suitable generalization
of the factor defined by Eg. (9), or in the simplersion by Eq. (10), should be made, with
respect to the solution obtained by Eq. (19). Cqusatly, Eq. (9) can be rearranged to the
following form:

Vn)

2n
lkyo . |Xve ~
Xcint@® = ky— Y /]CG 1 (23)
E.O EO

This formula is possible to be written in a simplexy:

) Y ~(¥n)
=2
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Similarly, considering of Eq. (10) leads to the closion that:

k —2 ~(¥n)
Xciint,® _E_G)[/‘ cL /]Cg} (25)
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4 CONCLUDING REMARKS

Both Eq. (22) and Eq. (24) (or alternatively Ech)j2give the opportunity to study the beam
corrugated web behaviour under fire conditionsgémeral, the value of the shear buckling
coefficient, both y;o and x.ine, decreases when the steel temperat@rg grows;

however, this comment is not accurate when the wemperature is very high

(0, 0900°C), because the inequalityky o <kg @ occurs in such circumstances.
Nevertheless, the considered web shear resistanmoenotonically diminishing in the whole
time of fire duration. This effect is not very inge if ©, < 400 ° C, because theky o =10,

but it is significantly strengthened when the weimperature becomes higher.

The alternative approach proposed by the authothdoassessment of the value of shear
buckling coefficient specified for fire conditiongg which the experimentally confirmed
failure modes interaction formula is taken into aott, seems to be more satisfactory and
better justified in relation to the commonly uséassical standard design technique, when the
global and local buckling modes are examined ségigtra

Detailed relations being the result of applicatioh the formulae recommended in the
presented paper are shown in the diagrams competed (Figs. 3 and 4).



3 & & &

Zc’,im
NN WY
I |

lc,im

ﬂ,cl — | /10L m

Fig. 3.Relations between the coefficiept;,, and the relative slendernesg resulted from
the application of Eq. (9) - in the left side, dbgl (10) - in the right side.
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Fig. 4 Relations between the coefficiemt; o and the relative slenderness , obtained for
selected values of web temperata@rg resulted from the application of Eq. (24) — ie thft

side, and Eq. (25) — in the right side (it is assdrthatAcg = 0.5).

Suitable relations prepared for fixed value AL and being the function of.c are similar
to those, illustrated in the diagrams presented@bo
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