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1 Introduction 

Crane runway girders carry the loads from crane operation 

which are introduced over the wheels of the bridge crane 

into the crane rail. Due to the concentrated load introduc-

tion, vertical stresses occur in the webs of the crane run-

way girders additionally to the global longitudinal bending 

stresses. Since welded I-Sections in heavy crane operation 

are mainly used, the local vertical stresses near the welded 

connection between web and top flange of the girder are 

often decisive for the fatigue design. 

During crane operation the wheel loads are acting with a 

certain eccentricity to the crane rail, caused by transvers 

drift of the crane track. The eccentricity of the vertical 

wheel loads, as well as horizontal loads lead to an addi-

tional torsion moment acting on the rail. 

Fig.1 shows the stress components in the web of the crane 

runway girder induced by eccentric wheel load. The eccen-

tricity 𝑒 is specified in EN 1993-6 [1] with an equivalent 

value over all crane operations of 𝑒 = 𝑘 4 ≤ 𝑡𝑤 2⁄⁄ , where 𝑘 

is the width of the rails head. Within this paper only the 

pure transverse bending component 𝜎𝑇 is investigated. 

Figure 1 Stress components in the web plate of the crane runway 

girder due to eccentric wheel load 

In the past, laboratory tests as well as numerical investi-

gations have been carried out on this topic at Graz Univer-

sity of Technology [2], [3] and [4]. It was found that the 

transverse bending stresses in the web plate based on nu-

merical finite element calculations can differ significantly 

from current code predictions. Furthermore, information 

on the accurate distribution of the transverse bending 

stresses in longitudinal direction of the web is missing. 

However, the distribution has an influence on the super-

position of the stresses introduced by adjacent wheels. 

This is the motivation to investigate the occurrence of the 
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transverse bending stresses in more detail and to find an 

improved calculation procedure. 

1.1 Determination of transverse bending stresses 

according to current design standard  

In EN 1993-6, the determination of the transverse bending 

stresses in the web plate is given by Eq. (1). 

𝜎𝑇 =
6𝑀𝑇

𝑎∙𝑡𝑤
2 ∙ 𝜂 ∙ 𝑡𝑎𝑛ℎ(𝜂)    (1) 

where: 𝜂 = [
0.75 𝑎 𝑡𝑤

3

𝐼𝑡
∙

𝑠𝑖𝑛ℎ2(𝜋∙ℎ𝑤 𝑎⁄ )

𝑠𝑖𝑛ℎ(2𝜋∙ℎ𝑤 𝑎⁄ )−2𝜋∙ℎ𝑤 𝑎⁄
]

0.5

 

These formulae are mainly based on works in [5] and [6]. 

It is assumed that the crane rail and the top flange of the 

crane girder act together as a torsion bar with fork end 

conditions at the location of the transverse stiffeners and 

by a certain rotational restraint of the web 𝑐�̅� (see Fig. 2). 

The length of the investigated torsion bar corresponds to 

the distance 𝑎 between adjacent transverse stiffeners. 

 

Figure 2 Analytic model for calculating the top flange rotation 𝜑(𝑥) 
according to [5] 

The introduction of the external torsion moment 𝑀𝑇 = 𝐹𝑧 ∙ 𝑒 

which occurs due to eccentric position of the wheel load 𝐹𝑧 

leads to a torsional rotation 𝜑(𝑥 = 𝑎 2⁄ ) of the crane rail and 

the top flange. In terms of compatibility, this torsional ro-

tation 𝜑 is forced to the web plate which leads to trans-

verse bending of the web. The determination of the rota-

tional restraint 𝑐�̅� is recommended in [6] with Eq. (2), 

𝑐�̅� =
3𝐸𝑡𝑤

3

12∙ℎ̅𝑤(1−𝜈2)
     (2) 

where the reduced web height of the plate ℎ̅𝑤 can be de-

termined by means of Eq. (3). 

ℎ̅𝑤 =
3𝑎

4𝜋
∙

𝑠𝑖𝑛ℎ(
2𝜋

𝑎
ℎ𝑤)−

2𝜋

𝑎
ℎ𝑤

𝑠𝑖𝑛ℎ2(
𝜋

𝑎
ℎ𝑤)

    (3) 

The transverse bending stresses on the top edge of the 

web plate are calculated by multiplying the plate edge mo-

ment 𝑚𝑧(𝑥, 𝑧 = 0) with the flexural bending resistance of a 

plate strip, see Eq. (4). The plate edge moment 𝑚𝑧(𝑥, 𝑧 = 0) 

on the top edge of the web is calculated by multiplying the 

maximum value of the rotation 𝜑, for load introduction at 

𝑥 = 𝑎 2⁄ , with the constant rotational stiffness 𝑐�̅� of the web 

according to Eq. (2). 

𝜎𝑇 = 𝑚𝑧 ∙
6

𝑡𝑤
2 = 𝜑 ∙ 𝑐�̅� ∙

6

𝑡𝑤
2     (4) 

The determination of the bending stresses with Eq. (4) is 

equivalent to Eq. (1). It considers the web plate only act-

ing as a plate strip. It neglects the real behavior of the 

web acting as a plate which is supported by the flanges on 

its top and bottom edges and by the transverse stiffeners 

on its lateral edges.  

2 Proposal for the determination of transverse 

bending stresses 

Numerical investigations identified that the real transverse 

bending stresses of the web plate can only be roughly ap-

proximated with the current design model, because the 

web plate is only considered with its constant stiffness 𝑐�̅�. 

It can be shown within this paper, that the quality of the 

stress predictions can significantly be improved by consi-

dering plate bending effects by means of classic plate the-

ory. However, for an accurate description of the behavior 

it is also necessary to get a more accurate analytical solu-

tion for the top flange torsional rotations. 

For determining the rotations of the top flange, it is pro-

posed to use the torsion bar model from [5] and to addi-

tionally consider the warping stiffness of the rail only (see 

Fig. 3). 

Once the rotations of the top flange are determined (see 

section 2.1), the plate edge moments and the transverse 

bending stresses of the web plate can be determined with 

an analytic plate model (see section 2.2). 

 

Figure 3 Overview of the procedure to calculate the transverse ben-

ding stresses in the web plate 

2.1 Modified analytical solution for the rotations 

of the top flange 

The model for determining the torsional rotation according 

to [5] (see Fig. 2) is extended by the warping stiffness of 

the rail, see Fig. 3. Due to the single point load introduc-

tion of the external torsion moment, there is a kink in the 

distribution of the rotation 𝜑(𝑥) proposed in [5]. In real 

crane girders there is no single point load introduction pos-

sible, but limited load distribution caused by the rail. Forc-

ing a horizontal tangent to the distribution of rotation 
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would lead to more accurate results. This was realized by 

also considering the warping stiffness of the rail.  

The high warping stiffness of the rail leads to a full warping 

restraint in the symmetry plane for load introduction at the 

half span between two transverse stiffeners, 𝑥 = 𝑎 2⁄  (see 

Fig. 3). Subsequently the warping restraint leads to a hor-

izontal tangent in the distribution of the rotation 𝜑(𝑥).  

The modified bar under torsion, shown in Fig. 3 can be 

described with the differential equation in Eq. (5). 

𝐸𝐼𝜔,𝑟𝜑𝐼𝑉 − 𝐺𝐼𝑡𝜑𝐼𝐼 + 𝑐�̅�𝜑 = 0    (5) 

In Eq. (5) 𝐼𝜔,𝑟 is the warping constant of the rail related to 

the assumed rotation axis at the bottom of the rail. 𝐼𝑡 is 

the common torsion constant of the rail and the top flange 

of the girder and 𝑐�̅� is the rotational restraint of the web 

according to [6] (see Eq. (2)). 

Introducing the factors 𝛼 = 𝐺𝐼𝑡 2𝐸𝐼𝜔,𝑟⁄  and 𝛽 = 𝑐�̅� 𝐸𝐼𝜔,𝑟⁄  leads 

to the form of the differential equation according to Eq. 

(6): 

𝜑𝐼𝑉 − 2𝛼𝜑𝐼𝐼 + 𝛽𝜑 = 0    (6) 

With 𝜑(𝑥) = 𝐶 ∙ 𝑒𝜆𝑥 the homogeneous form of the differen-

tial equation can be written as shown in Eq. (7):  

𝜑(𝑥) = 𝐶1 ∙ 𝑒𝜆1𝑥 + 𝐶2 ∙ 𝑒−𝜆1𝑥 + 𝐶3 ∙ 𝑒𝜆2𝑥 + 𝐶4 ∙ 𝑒−𝜆2𝑥 (7) 

where:  𝜆1 = √𝛼 + √𝛼2 − 𝛽 and:  𝜆2 = √𝛼 − √𝛼2 − 𝛽 

with: 𝛼2 ≥ 𝛽 

For solving the constants 𝐶1 to 𝐶4 the following four boun-

dary conditions are utilized:  

For 𝑥 = 0: 

 𝜑(𝑥 = 0) = 0     (8a) 

 −𝐸𝐼𝜔,𝑟 ∙ 𝜑′′(0) = 0     (8b) 

and for 𝑥 = 𝑎 2⁄ : 

−𝐸𝐼𝜔,𝑟 ∙ 𝜑′′′(𝑎 2⁄ ) + 𝐺𝐼𝑡 ∙ 𝜑′(𝑎 2)⁄ = 𝑀𝑇 2⁄   (8c) 

𝜑′(𝑥 = 𝑎/2) = 0     (8d) 

The boundary condition in Eq. (8b) is a simplification. The 

ongoing rail over the transverse stiffener would act like a 

warping spring. But it can be shown that these effects are 

neglectable for the case with maximum bending stresses 

at the load introduction. Solving the equation system with 

the four boundary conditions leads to the following analytic 

solution for the rotations of the crane girders top flange:  

𝜑(𝑥) =
𝑀𝑇

2𝐸𝐼𝜔,𝑟(𝜆2
2−𝜆1

2)
∙ (

𝑠𝑖𝑛ℎ(𝜆1𝑥)

𝜆1𝑐𝑜𝑠ℎ(𝜆1
𝑎

2
)

−
𝑠𝑖𝑛ℎ(𝜆2𝑥)

𝜆2𝑐𝑜𝑠ℎ(𝜆2
𝑎

2
)
 ) ;   0 ≤ 𝑥 ≤

𝑎

2
  (9) 

It is noted, that 𝜑(𝑥) in Eq. (9) is symmetric regarding to 

the symmetry plane of the web plate at 𝑥 = 𝑎 2⁄ . 

 

2.2 Determination of the transverse bending 

stresses in the web plate 

The transverse bending of the web plate occurs based on 

compatibility. The top edge of the web plate has the same 

rotation 𝜑(𝑥) as the top flange of the girder. Considering 

the web acting as a plate means that the homogeneous 

solution of the differential equation for a rectangular plate 

with hinged supports on all four edges is needed. In [7] 

the homogeneous solution can be found as: 

𝑤(𝑥, 𝑧) =
𝑠𝑖𝑛(𝛼𝑛𝑥)

𝛼𝑛
2

(𝐴1 ∙ 𝑐𝑜𝑠ℎ(𝛼𝑛𝑧) + 𝛼𝑛𝑧𝐴2 𝑠𝑖𝑛ℎ(𝛼𝑛𝑧) +

𝐴3 𝑠𝑖𝑛ℎ(𝛼𝑛𝑧) + 𝛼𝑛𝑧𝐴4𝑐𝑜𝑠ℎ (𝛼𝑛𝑧))    (10) 

On the top edge of the plate (edge z=0 in Fig. 3) the 

boundary condition of the plate is defined by the previ-

ously identified rotation 𝜑(𝑥) of the top flange according to 

Eq. (9). This was realized by means of the following Fou-

rier series expansion (𝜑(𝑥) is assumed to be 2𝑎 periodic): 

𝜑𝑥(𝑥) = ∑ 𝛷𝑛𝑠𝑖𝑛 (𝛼𝑛𝑥);     (11) 

where 𝛼𝑛 =
𝑛𝜋

𝑎
 and 𝛷𝑛 =

2

𝑎
∙ ∫ 𝜑(𝑥) ∙ sin (

𝑎

0
𝛼𝑛𝑥)𝑑𝑥 = 

                           =
2𝑀𝑇𝑎

𝐸𝐼𝜔,𝑟(𝜆2
2−𝜆1

2)
∙ [

𝑠𝑖𝑛(𝑛𝜋 2⁄ )

𝑎2𝜆1
2+𝑛2𝜋2

−
𝑠𝑖𝑛(𝑛𝜋 2⁄ )

𝑎2𝜆2
2+𝑛2𝜋2

] 

In Eq. (11), 𝛷𝑛 is only none-zero if 𝑛 = 1, 3, 5…. 

Now the following boundary conditions can be formed for 

solving the constants 𝐴1 to 𝐴4 in Eq. (10):  

𝑤(𝑥, 𝑧 = 0) = 0     (12a) 

𝑤(𝑥, 𝑧 = ℎ𝑤) = 0     (12b) 

(
𝜕𝑤

𝜕𝑧
)

(𝑥,   𝑧=0)
= 𝜑𝑥(𝑥)    (12c) 

(
𝜕2𝑤

𝜕𝑧2 )
(𝑥,   𝑧=ℎ𝑤)

= 0     (12d) 

Inserting the terms of Eq. (12a) to Eq. (12d) in Eq. (10) 

and considering its derivatives leads to the following form 

which represents the deformation of the web plate due to 

the predefined rotation 𝜑𝑥(𝑥) on the top edge:  

𝑤(𝑥, 𝑧) =
𝛷𝑛

𝑓𝑧𝑛
∙ 𝑠𝑖𝑛 (𝛼𝑛𝑥) ∙ [(ℎ𝑤 ∙ (1 − 𝑐𝑜𝑡ℎ2(𝛼𝑛ℎ𝑤)) − 𝑧) ∙

𝑠𝑖𝑛ℎ(𝛼𝑛𝑧) + 𝑧 ∙ 𝑐𝑜𝑡ℎ (𝛼𝑛 ∙ ℎ𝑤) ∙ 𝑐𝑜𝑠ℎ (𝛼𝑛𝑧)]   (13) 

where 𝑓𝑧𝑛 = 𝑐𝑜𝑡ℎ(𝛼𝑛 ∙ ℎ𝑤) (1 − 𝛼𝑛 ∙ ℎ𝑤 ∙ 𝑐𝑜𝑡ℎ(𝛼𝑛 ∙ ℎ𝑤)) + 𝛼𝑛 ∙ ℎ𝑤 

Once the deformation shape 𝑤(𝑥, 𝑧) is known, the resulting 

edge moment of the web plate can be calculated:  

𝑚𝑧(𝑥, 𝑧 = 0) = −𝐾 ∙ (
𝜕2𝑤

𝜕𝑧2 + 𝜈
𝜕2𝑤

𝜕𝑥2 )
𝑧=0

= 2𝐾 ∙ ∑
𝛷𝑛𝛼𝑛

𝑓𝑧𝑛
𝑠𝑖𝑛 (𝛼𝑛𝑥)  (14) 

where 𝐾 is the plate bending stiffness of the web 𝐾 =
𝐸𝑡𝑤

3

12(1−𝜈2)
. The term 𝜈

𝜕2𝑤

𝜕𝑥2 gets zero, since no out of plane de-

formation can occur on the top edge 𝑧 = 0, due to the sup-

port. 

Finally, the bending stresses on the top edge of the web 

plate can be calculated by multiplying the edge moment 

with the flexural bending resistant of the web plate.  
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𝜎𝑇 = 𝑚𝑧(𝑥, 𝑧 = 0) ∙
6

𝑡𝑤
2 =

𝐸∙𝑡𝑤

(1−𝜈2)
∙ ∑

𝛷𝑛𝛼𝑛

𝑓𝑧𝑛
𝑠𝑖𝑛 (𝛼𝑛𝑥) (15) 

3 Finite element parametric study and compari-

son with the analytical model  

To investigate the accuracy of the proposed calculation 

procedure, a numerical parametric study was carried out. 

24 crane runway girders with different cross section con-

figurations were investigated. For the parametric study 

within this paper a crane rail A 100 (𝑘 =100) without elas-

tomeric bearing pad was considered for all cross sections. 

Two different distances 𝑎 of the transverse stiffeners were 

investigated depending on the web height (𝑎 ℎ𝑤 = 1.0⁄  and 

𝑎 ℎ𝑤 = 2.0⁄ ). The investigated cross sections are summa-

rized in Table 1. 

3.1 Elastic finite element analysis  

The elastic finite element calculations were performed with 

the software Abaqus. Since only the local vertical stresses 

were investigated, only a local model consisting of a part 

of a crane runway girder with the length 𝐿 = 3𝑎 was mo-

delled, including the transverse stiffeners. Therefore, 

global bending effects are negligible, but the influence of 

the adjacent web fields is considered. The rail and the 

crane runway girder are modelled with 3D solid elements 

from the type C3D8R. The web of the crane runway girders 

was modelled with elements with a quadratic basis func-

tion (type C3D20R). The transverse stiffeners are mod-

elled as shells with a thickness of 𝑡𝑠 = 10 mm for all cross 

sections. The contact between the rail and the girder was 

formulated for a rail bedded on the top flange without any 

interlayer as a hard contact with separation allowed. The 

outer edges of the rails foot were continuously fixed to the 

top flange to prevent the rail from uplift during rotation 

due to the external torsion moment. On real crane girders, 

rail is fixed in discrete distances by the rail clamps. 

The introduction of the eccentric wheel load was realized 

by a combination of a concentric vertical force 𝐹𝑧 = 500 kN 

and an additional torsion moment resulting from an eccen-

tricity of the load from a quarter of the rails head width, 

𝑀𝑇 = 𝐹𝑧 ∙ 𝑘 4⁄ = 500 ∙ 0.025 = 12.5 kNm. Since the load intro-

duction is in the half span between two transverse stiffen-

ers, symmetry conditions are utilized.  

Fig. 4 shows the result paths in the finite element model 

on both sides of the web plate near the top flange where 

the vertical displacements 𝑢𝑧 and the vertical stresses 𝜎𝑧 

are evaluated. 

Figure 4 3D – Finite element model and used result paths for deter-

mining the torsional rotations 𝜑𝐹𝐸 and transverse bending stresses 𝜎𝑇,𝐹𝐸 

The cross-sectional parameters of the used profile rail 

A 100 are summarized in Table 2. For the rail A 100 an 

abrasion of 12.5% of the rail heads height was assumed. 

The cross-sectional parameters for a rail with abrasion 

ℎ𝑟,12.5% and 𝐼𝑡,𝑟 were adopted from [8]. The rotation axis for 

the calculation of 𝐼𝜔,𝑟 was assumed in the intersection of 

the symmetry axis at the bottom of the rail. 

The rotations 𝜑𝐹𝐸 are calculated based on the vertical dis-

placements 𝑢𝑧,𝑖 and the transverse bending stresses 𝜎𝑇,𝐹𝐸 

are based on the vertical stresses 𝜎𝑧,𝑖 from the 3D FE-

calculation according to the equations in Fig. 4.  

Table 1 cross section dimension of the investigated crane girders 

Cross 
section 

𝒕𝒘 
[mm] 

𝒉𝒘 
[mm] 

𝒕𝒇 

[mm] 

𝒃𝒇 

[mm] 
�̅�𝒘 

[mm] 

�̅�𝝋 

[N] 

CS 1 10 2000 20 400 936.0 61636 

CS 2 13 2000 20 400 936.0 135415 

CS 3 15 2000 20 400 936.0 208023 

CS 4 18 2000 20 400 936.0 359464 

CS 5 20 2000 20 400 936.0 493092 

CS 6 15 2000 25 400 936.0 208023 

CS 7 15 2000 30 400 936.0 208023 

CS 8 15 2000 35 400 936.0 208023 

CS 9 15 2000 40 400 936.0 208023 

CS 10 10 2000 40 400 936.0 61636 

CS 11 20 2000 40 400 936.0 493092 

CS 12 15 2000 45 400 936.0 208023 

CS 13 15 2000 30 300 936.0 208023 

CS 14 15 2000 30 220 936.0 208023 

CS 15 15 2000 30 800 936.0 208023 

CS 16 10 1000 20 400 468.0 123273 

CS 17 15 1000 20 400 468.0 416046 

CS 18 20 1000 20 400 468.0 986183 

CS 19 15 1000 30 400 468.0 416046 

CS 20 15 1000 40 400 468.0 416046 

CS 21 15 1000 45 400 468.0 416046 

CS 22 15 1000 30 220 468.0 416046 

CS 23 15 1000 30 300 468.0 416046 

CS 24 15 1000 30 800 468.0 416046 

Table 2 cross-sectional parameters of the profile rail A100 

Crane rail 
𝒌 

[mm] 

𝒉𝒓,𝟏𝟐.𝟓% 

[mm] 

𝑰𝒕,𝒓 

[cm4] 

𝑰𝝎,𝒓 

[cm6] 

A100 100 90 580.6 10078.7 

 

3.2 Comparison of FE-analysis with the new pro-

posal 

Fig. 6 shows the comparison of the torsional rotations 𝜑(𝑥) 

on the top edge of the web from the FE-analyses with the 

analytical solution in [5] and with the modified analytical 

solution according to Eq. (9) exemplarily for four selected 

cross sections. The distributions of torsional rotations are 

plotted for over the nondimensional coordinate 𝑥 𝑎⁄ , so two 

different aspect ratios of the web can be shown for each 

selected cross section (𝑎 ℎ𝑤⁄ = 1.0; 2.0). Since the results 
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are symmetric for load introduction at half span between 

the transverse stiffeners, the results are plotted for the 

central web field from the position of the transverse stiff-

ener 𝑥 𝑎⁄ = 0 to the position of load introduction at 𝑥 𝑎⁄ = 

0.5. The dimensions of the selected cross sections CS3, 

CS9, CS17 and CS 20 are given in Table 1. CS3 and CS9 

have a web height of 2000 mm, while CS17 and CS 20 

have a web height of 1000 mm. Cross sections CS 9 and 

CS 20 have thicker flanges (𝑡𝑓 = 40 mm) than cross sec-

tions CS 3 and CS 17 (𝑡𝑓 = 20 mm). The distributions of 

the torsional rotations 𝜑(𝑥) in Fig. 5 show that the shape 

of the FE-analysis fits very well with the new modified an-

alytical model but also with the model according to [5]. 

Near the load introduction at 𝑥 𝑎⁄ = 0.5 it can be verified 

that the proposed additional consideration of the warping 

stiffness of the rail can describe the results from the FEA 

in a more accurate way for all cases. In Fig. 6 the trans-

verse bending stresses determined with FE-analysis are 

compared with the maximum value calculated with the for-

mulae in EN 1993-6 (EC 3-6, see Eq. (1)) and the results 

based on plate theory according to Eq. (15), with the ro-

tation 𝜑(𝑥) of the modified analytical model. The compari-

son in Fig. 6 is carried out for the same selected cross 

sections. The comparison in Fig. 6 shows, that the deter-

mination of the transverse bending stresses via plate the-

ory can describe the distribution of the FE-results quite 

well in contrast to EN 1993-6 (EC 3-6). It can be identified 

that the significant local increase of the bending stresses 

near the half span of the plate can adequately be described 

only with the plate theory. 

 

Figure 5 Comparison of the torsional rotations 𝜑(𝑥) calculated with the modified analytical model, according to [5] and based on FE-analysis 

 

 

Figure 6 Comparison of transverse bending stresses 𝜎𝑇(𝑥) determined from the proposed plate model (Plate), the maximum value calculated 

with EN 1993-6 [1] (EC 3-6) and determined based on FE-analysis (FE) 
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Figure 7 Comparison of the related maximum bending stresses 𝜎𝑇,𝑃𝑙𝑎𝑡𝑒 𝜎𝑇,𝐹𝐸⁄  and 𝜎𝑇,𝐸𝐶 𝜎𝑇,𝐹𝐸⁄  for all investigated crane girder cross sections

This local stress increasing effect is completely neglected 

with the determination according to EN 1993-6 [1] since a 

constant stiffness of the web is assumed which results in 

an underestimation of the maximum bending stresses. The 

highest recommended number of Fourier series terms 𝑛𝑚𝑎𝑥 

which is used for Eq. (14) depends on the total length of 

the plate 𝑎. This is due to the fact, that the domain of 

locally increased bending stresses gets smaller with higher 

lengths 𝑎. So higher numbers 𝑛𝑚𝑎𝑥 are needed to cover 

this area. A termination criterion was used if the increase 

of the maximum stress value is lower than 1% compared 

to the preceding sum term. It is evident from Fig. 6 that 

the distributions differ near the transverse stiffener. This 

can be explained with clamping effects in the FEA, since 

the transverse stiffener is connected rigidly to the web and 

the top flange while the plate stress equations are deter-

mined for a hinged edge of the plate. However, it is 

pointed out, that it is possible to consider the clamping 

effects using the plate equations, but it is not carved out 

within this paper.  

Fig. 7 shows the maximum values for the bending stresses 

referred to the FE-results determined with the proposed 

solution based on plate theory (𝜎𝑇,𝑃𝑙𝑎𝑡𝑒 𝜎𝑇,𝐹𝐸⁄ ) and deter-

mined according to EN 1993-6 (𝜎𝑇,𝐸𝐶 𝜎𝑇,𝐹𝐸⁄ ) for the 24 in-

vestigated crane runway girder cross sections (see Table 

1). It can be shown, that these values determined with 

plate theory have a bandwidth from 𝜎𝑇,𝑃𝑙𝑎𝑡𝑒 𝜎𝑇,𝐹𝐸⁄ = 0.86 to 

1.11 (mean value = 0.99) while the determination with 

the code underestimates the maximum bending stresses 

across all cross sections with 𝜎𝑇,𝐸𝐶 𝜎𝑇,𝐹𝐸⁄ = 0.55 to 0.88 

(mean value = 0.69). 

4 Conclusions 

Within this paper it is illustrated that the quality of the 

prediction of local transverse bending stresses in the web 

plate of a crane runway girder can be enhanced signifi-

cantly with the following two improvements:  

(i) Consideration of the warping stiffness of the rail: This 

modification of the torsion bar model in [5] leads to a 

more accurate prediction for the rotation 𝜑(𝑥) in com-

parison with FE results. The forced horizontal tangent 

in the symmetry plane at the wheel load also causes a 

faster convergence in the Fourier series expansion 

(smaller number 𝑛 needed). 

(ii) Determining the transverse bending stresses in the 

web plate via plate theory: This paper illustrates that a 

consideration of the web acting as a plate is necessary 

to predict an accurate distribution of the transverse 

bending stresses in longitudinal direction. Local in-

creasing of the bending stresses near the wheel load at 

the half span between the transverse stiffeners is also 

considered with this new proposed procedure.  

The determination of bending stresses with a constant 

stiffness of the web in longitudinal direction in [1] leads to 

a significantly underestimation of the maximum bending 

stresses. Finally, the authors would like to point out that 

the in some cases drastic underestimation of the bending 

stresses by EN 1993-6 is put into perspective by the fact 

that the bending stress component represents only 30% 

to 40% of the total vertical stresses 𝜎𝑧. 
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