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1. Introduction 

The resistances of the I- or H-sections to interactions of bending and torsion internal forces are missing in 
the current Eurocodes (EN 1993-1-1, 2005; EN 1999-1-1, 2007). New approaches are proposed for the 
new generation of Eurocodes (prEN 1993-1-1, 2017; prEN 1999-1-1, 2017), which will be available in 
2021. They take take into account the interactions of the bending moment  My,Ed, the shear force Vz,Ed, the 
bimoment BEd, the warping torsional moment Tω,Ed and the St. Venant torsional moment Tt,Ed acting on I- 
or H-section. The numerical example shows the application of the procedure proposed for (prEN 1993-1-
1, 2017). This procedure differs from the one proposed for (prEN 1999-1-1, 2017).  

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

Simple supported beam loaded eccentrically by two transverse forces is investigated. The given data are 
as follows. Beam span L = 6 m; rolled section IPE 300; two vertical transverse forces FEd = 49.9 kN 
located 1.5 m from supports; eccentricity of the transverse forces e = 0.07 m; steel grade S235; partial 
safety factor for material γM0 = 1.0; partial safety factor for action γF = 1.5. 

The internal forces of bending and torsion were calculated using the analytical solutions both of the 
torsion differential equations: (i) without and (ii) with influence of shear which are given in (Baláž, 
2004). It was confirmed the well known fact, that influence of shear for open cross-section is negligible. 
These analytical results were checked and compared with the numerical results obtained by the computer 
program IQ 100 (Rubin et al, TU Vienna). Both the analytical and the numerical results gave the identical 
results. The distributions of the torsion internal forces are shown in Figures 1, 2, 3 and 4.  

The warping constant ωI , the torsion constant tI , the shear torsion constant stI , , the torsion constant 

shear factor ων  and the measure of warping ωµ  may be calculated from the formulae derived by the 
authors for I- and H-sections. For the IPE 300 section their numerical values are as follows: 
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The beam mixed torsion parameters without the shear influence (kL ) and with the shear influence (vkL ) 
are calculated from the formulae 
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Figures 1-4 illustrate the well known fact that for the open section the influence of the shear is negligible.  
The quantities calculated without the shear influence are in figures characterized by the dotted lines and 
the values in the brackets.  

          
             Fig. 1: Twist rotation θ(ξ) about axis x.                  Fig. 2: St.Venant torsional moment Tt,Ed(ξ) 

To show the invisible small difference between the solid lines (the case without the influence of the shear) 
and the dotted lines (the case with the influence of the shear) the graphical distributions were drawn for 
kLv = 0.9 instead of the correct value kLv = 0.997. Otherwise no difference between the solid and the 
dotted lines would be seen in figures. The related numerical values in Figures 1-4 are calculated using the 
correct value kLv = 0.997.  

    
                           Figure 3. Bimoment BEd(ξ)                   Figure 4. Warping torsional moment Tω,Ed(ξ) 

The verification performed according to (prEN 1993-1-1, 2017) for IPE 300 section. It is Class 1 section, 
therefore the plastic resistance of the cross-section is calculated. 
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It means that FEd = 49.9 kN is the plastic action resistance Fpl.Rd of the beam under investigation. This 
procedure which is used in (prEN 1993-1-1, 2017) needs the following corrections:   
(i)  The Eurocodes prefer to use the internal forces instead of the stresses. The formula (16) should be 
replaced by the following formula, which contains the internal forces (not the stress) and gives the same 
numerical results as (16) 
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(ii) It was shown in details in (Baláž et al., 2016a and 2016b), that formula (16) is incorrect. The correct 
formula proposed by the first author is 
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If the correct formula (20) would be used instead of incorrect (prEN 1993-1-1, 2017) formula (20) the 
plastic action resistance of the beam under investigation will be Fpl,Rd = 54.94 kN. For this value the 
condition (17) becomes not fulfilled with 1.279 > 1.0. It was shown in (Baláž, Koleková, 2017), were also 
the channel sections and the influence of the metal strengthening were investigated, that comparing with 
Fpl,Rd = 54.94 kN  there is still some reserve in the plastic resistance. It is interesting to mention that 
(prEN 1993-1-1, 2017) contains the incorrect solution of the problem of the bending moment and the 
bimoment interaction, which was correctly, more deeply and in the very complex way (taking into 
account any internal forces of the bending and the torsion) solved in Russia and Ukraine already in the 
forties and fifties. See e.g. (Streľbickaja, 1958) in (Baláž, Koleková, 2017). The symbol Mc,B,Rd should be 
replaced in (16), (18) and (20) by the symbol Mpl,B,Rd. The evidence for above statements is as follows. 
For the zero bending moment one should obtain BEd,max = Bpl,Rd. But from equation (16) or (18) one 
obtains BEd,max = 5Bpl,Rd/6 = 0.8333Bpl,Rd. The reason for this mistake is in the derivation of the final 
formula (16) from the formula (21) in which α = 5 instead of 6 was taken mistakenly:  
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The following formula given in (EN 1993-1-1, 2005;  prEN 1993-1-1, 2017)  

                                               ( ) Rdzpl

My

t,Ed
RdTzpl V

/γ/f

τ
V ,,

0

,,,
325.1

1−=                               (22) 

contains incidentally the factor 1.25 too. The formula (22) has nothing to do with (21) and its correctness 
is very questionable as it was shown in (Baláž et al., 2016c). 

The above criteria may be used only if the bending moment cross-section plastic resistance is not reduced 
due to shear stress τVz,Ed  in the web and the bimoment cross-section plastic resistance is not reduced due 
to shear stresses τt,Ed  or τω,Ed  in the flanges. In the numerical example Vz,Ed / Vpl,z,Tt,Rd = 0.186 < 0.5 and the 
bending moment resistance is not necessary to reduce according to EN 1993-1-1. For the case Vz,Ed / 
Vpl,z,Tt,Rd  > 0.5 one may find in (EN 1993-1-1, 2005;  prEN 1993-1-1, 2017) the procedure how to reduce 
the bending moment due to the shear force. In the section next to the force FEd = 49.9 kN. The shear stress 
in the flanges due to the shear force τVz,Ed = 6.48 MPa and the warping torsional stress τω,Ed  = 7.05 MPa is 
usually negligible. But the St. Venant torsional shear stress in the flanges τt,Ed  = ± 90.53 MPa is not 
negligible. The total shear stress in the flanges is τVz,Ed  + τω,Ed  + τt,Ed  = 104.05 MPa.  

3. Conclusions 

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