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BIMOMENT AND ITS INFLUENCE IN THE DRAFT prEN 1993- 1-1:2017
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Abstract: Critical analysis of the plastic resistance of |- and H-sections under interaction of bending
moment a bimoment in the prEN 1993-1-1, 2017. Improvement proposals for the new draft prEN 1993-1-1.
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1. Introduction

The resistances of the |- or H-sections to intevastof bending and torsion internal forces aresmgsin

the current Eurocodes (EN 1993-1-1, 2005; EN 1999-2007). New approaches are proposed for the
new generation of Eurocodes (prEN 1993-1-1, 201ENp1999-1-1, 2017), which will be available in
2021. They take take into account the interactafrthe bending momenm, gy, the shear forc¥, g4, the
bimomentBg,, the warping torsional momeift, g4 and the St. Venant torsional momé@ig, acting on I-

or H-section. The numerical example shows the agiitin of the procedure proposed for (prEN 1993-1-
1, 2017). This procedure differs from the one pegubfor (prEN 1999-1-1, 2017).

2. Numerical example and application of ( prEN 1993-1t, 2017) rules

Simple supported beam loaded eccentrically by tansiverse forces is investigated. The given daa ar
as follows. Beam spah = 6 m; rolled section IPE 300; two vertical transeeforcesFgg = 49.9 kN
located 1.5 m from supports; eccentricity of thengiverse forces = 0.07 m; steel grade S235; partial
safety factor for material = 1.0; partial safety factor for actigp= 1.5.

The internal forces of bending and torsion werewdated using the analytical solutions both of the
torsion differential equations: (i) without and) (ivith influence of shear which are given in (Balaz
2004). It was confirmed the well known fact, thafluence of shear for open cross-section is ndgégi
These analytical results were checked and compeitbdhe numerical results obtained by the computer
program IQ 100 (Rubin et al, TU Vienna). Both tmalgtical and the numerical results gave the idahti
results. The distributions of the torsion interfuaites are shown in Figures 1, 2, 3 and 4.

The warping constant,,, the torsion constant, , the shear torsion constant,, the torsion constant
shear factorv,, and the measure of warping, may be calculated from the formulae derived by the
authors for I- and H-sections. For the IPE 300isedheir numerical values are as follows:

|, =t,(h,+t,)’b® /24=125934cnf (1)

|, = (2bt? +h,t2)/3-0.10%; 4=15.151cm’ 2)
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l.s =5(h, +t,)%bt, /12=5597cn (3)

v,=1./1,=3694, u,=v,I(1+v,)=0997 (4)

The beam mixed torsion parameters without the sinflaence kL) and with the shear influencéL( )
are calculated from the formulae

=4134 K., = |u, S't

w w

Gl, =4.128 (5)

kL =

Figures 1-4 illustrate the well known fact that fbe open section the influence of the shear ifigibkg.
The quantities calculated without the shear infageare in figures characterized by the dotted lanes

the values in the brackets.
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Fig. 1. Twist rotation 6(¢) about axis x. Fig. 2: S.Venant torsional moment T, g4(&)

To show the invisible small difference betweengbkd lines (the case without the influence of shear)
and the dotted lines (the case with the influerfcth® shear) the graphical distributions were drdamn
kL, = 0.9 instead of the correct valik, = 0.997. Otherwise no difference between the safid the
dotted lines would be seen in figures. The relatetberical values in Figures 1-4 are calculatedgugie
correct valukL, = 0.997.
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Figure 3. Bimoment Bgy(&) Figure 4. Warping torsional moment T, g4(&)

The verification performed according to (prEN 1983; 2017) for IPE 300 section. It is Class 1 sexti
therefore the plastic resistance of the cross@eddicalculated.
A,en = A-20t +(t, +2r)t, =5380-2x150x10.7 + (7.1+2x15)10.7 = 24716 mn?  (6)

nhit, = 12x2786x71= 237 @)
A, =max(A, ey; hL,) = 24716 mnt @®
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Vy are = A, 1(V3V,) = 24716x235/(+/3x10) = 335.34 kN ©)
T
Tipgw =Tt =% 1'311“\"2 7.1 mm=+6144MPa (10)
= I, 15.151cm
4
VpI z,Tt,Rd = 1- LELW Vp| z.Rd = 1- 6144 33534: 2678 kN (11)
o 125fF, I(V3pe) " 125x235/(+/ 31.0)
Ves IV i =0.186<0. 5 (12)
My =W, T,/ Vo =6021 cmi®235MPa /10 =1415kN (13)
+t
i, = h,+t; b _2786+107150 _, o 0 o 1)
2 2 2 2
2
O max = hwmax = mlomg cm’ =2115 MPa (15)
o I 125934cm

w

g,

Mg = [Im B\ :\/1—A1415:7488 KN (16)
T :I..25fy/yM0 > 125x235/1.0

M vEd _ 499 kN 15 m _

10<10 (17)
M.pry  7488kN

It means thafFg; = 49.9 kN is the plastic action resistariggry of the beam under investigation. This
procedure which is used in (prEN 1993-1-1, 201 Bdsehe following corrections:

(i) The Eurocodes prefer to use the internal ricstead of the stresses. The formula (16) shoeld
replaced by the following formula, which contaihe tinternal forces (not the stress) and gives dinees
numerical results as (16)

M., = 11288 Dy =1 12249%) 4157488 kNm (18)
B Byrg " 4.092

Wy, =t (h, +t,)b?/4=174cnt’, B, oy =W, ,f,/ Vo = 4092kNm’ (19)

plw'y

where

(i) It was shown in details in (Balaz et al., 2@1&nd 2016b), that formula (16) is incorrect. Theact
formula proposed by the first author is

M pre = 1—£MpI — 11-2455) 41 5.2 89 5KkNm (20)
B By " 4.092

If the correct formula (20) would be used inste&dnoorrect (prEN 1993-1-1, 2017) formula (20) the
plastic action resistance of the beam under inyastin will be F, rq = 54.94 kN. For this value the
condition (17) becomes not fulfilled with 1.279 #1It was shown in (Balaz, Kolekové, 2017), wdsma
the channel sections and the influence of the nstahgthening were investigated, that comparirth wi
Fors = 54.94 kN there is still some reserve in thesiitaresistance. It is interesting to mention that
(prEN 1993-1-1, 2017) contains the incorrect solutof the problem of the bending moment and the
bimoment interaction, which was correctly, more plgeand in the very complex way (taking into
account any internal forces of the bending andtdhsion) solved in Russia and Ukraine already i th
forties and fifties. See e.g. (Stbéckaja, 1958) in (Balaz, Kolekova, 2017). The s, srs Should be
replaced in (16), (18) and (20) by the symbplgrs. The evidence for above statements is as follows.
For the zero bending moment one should obBf.x = Byre- But from equation (16) or (18) one
obtainsBegmax = 5Bpird/6 = 0.8333By re- The reason for this mistake is in the derivatadrthe final
formula (16) from the formula (21) in whieh= 5 instead of 6 was taken mistakenly:
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_—fM pl,y,Rd (21)

The following formula given in (EN 1993-1-1, 200prEN 1993-1-1, 2017)

T,
V = 1_ , t,Ed . V 22
pl,zT,Rd \/ 125(fy/\/§)/VMO pl,z,Rd ( )

contains incidentally the factor 1.25 too. The fatan(22) has nothing to do with (21) and its caimess
is very questionable as it was shown in (Bala.e2816c).

The above criteria may be used only if the bendiognent cross-section plastic resistance is notcestiu
due to shear stregs, g4 in the web and the bimoment cross-section plassistance is not reduced due
to shear stressagy oOr 7, g4 IN the flanges. In the numerical exampley / Vp ,mre= 0.186 < 0.5 and the
bending moment resistance is not necessary to eedocording to EN 1993-1-1. For the cabe, /

Vo zmird > 0.5 one may find in (EN 1993-1-1, 2005; prEN34-1, 2017) the procedure how to reduce
the bending moment due to the shear force. Inghios next to the forcEgy = 49.9 kKN. The shear stress
in the flanges due to the shear forggy = 6.48 MPa and the warping torsional stress, = 7.05 MPa is
usually negligible. But the St. Venant torsionaéahstress in the flangasy = +90.53 MPa is not
negligible. The total shear stress in the flangas,kq + 7, gq + Leg = 104.05 MPa.

3. Conclusions

The proposal (see formula (20)) how to improve inect formula (16) used in prEN 1993-1-1, 2017. The
all above analytical results and formulae of théhars were verified and confirmed by the computer
programs DUENQ (Dlubal Software) and QST-TSV-3BI€Rl Bochum).
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