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Table 3: Comparison of test and simulation results 

Specimen Fcr,exp [kN] Fu,exp  [kN] Fcr,FEM [kN] Fu,FEM [kN] Fu,FEM / Fu,exp Fcr,FEM / Fcr,exp 

VK1.1 38,5* 92,6 50,4* 92,7 1,001 1,309 

VK2.1 89,7 67,5 107,2 78,6 1,164 1,195 

VK3.1 100,5 78,5 67,4 82,7 1,053 0,670 

VK4.1 36,38 89,21 43,60 92,99 1,042 1,198 

VK5.1 35,61* 89,76 42,77 90,71 1,011 1,200 

VK9.1 38,27* 95,62 38,04 92,02 0,962 0,994 

VK10.1 35,23* 96,62 38,38 91,89 0,951 1,089 
            * The critical load was assumed to correspond to a deflection of 1,5 mm 
 

 
Figure 7: Load-deflection curve for girders with structured web from tests and FE simulations 

 
The modeling of the girder with the structured web as a sandwich element in FEM produces 
about 20500 shell elements of type S4R5, S3 and S4R. The single structured plate was modeled 
with the software ProEngineer [ProE2011]. 
 
3.2 Parameter analysis of the girders (planar, trapezoidal shaped or sinusoidal corrugated) 
 
After calibration of the tests with ABAQUS the sensivity analysis starts with different 
parameters. For all web geometry there were carried out about 40 models with differences in 
length, height and thickness of the web; shear aspect ratio and thickness to height ratio. An 
overview of the differences is given in Table 4. The results are shown in Fig. 8 and Fig. 9 for the 
first sensivity analysis for all girders. 
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5. Analytical Results 
 
The ultimate load is achieved when the load does not increase anymore and only the deformation 
accelerates.  

Table 7: Comparison of test and analytical results 

[1] [2] [3] [4] [5] [6] [7] 

Specimen Fu,exp [kN] Fcal,ec3 [kN] Fcal,dast15 [kN] Fcal,Zem [kN] [2] / [3] [2] / [4] - [2] / [5] 

VK1.1 92,6 
44,5 72,9 X 

2,08 1,27 

VK1.2 93,8 2,11 1,29 

VK2.1 67,5 
47,7 39,8 X 

1,41 1,69 

VK2.2 65,1 1,36 1,63 

VK3.1 78,5 

68,5 X 43,9 

1,14 1,79 

VK3.2 69,3 1,01 1,29 

VK3.3 74,2 1,08 1,69 

VK4.1 89,2 

X X X X X 

VK5.1 89,8 

VK6.1 91,4 

VK7.1 91,8 

VK7.2 87,4 

VK8.1 95,0 

VK9.1 95,62 

VK10.1 96,62 

VK11.1 91,83 

VK12.1 89,98 

VK13.1 86,67 

 
Table 7 contains the measured load for all types of girders. Furthermore for the first girders it 
was possible to calculate the ultimate load according to [DIN1993 2010], [DASt015] and 
[Zeman 1999]. In adaption of [Aschinger 1991] it should be possible to find a design method of 
girders with structured web.  
 
In all girders with planar and structured web after shear buckling, a tension field developed 
(=post- buckling) and later plastic hinges were formed (=frame effect). A difference between the 
flat and structured web was observed: Parallel to the forming of a tension field, the comb 
structure was lost. 
 
There was one difficulty in finding the comparable values for the definition of shear and tension 
load from [DASt015] for the experiment and the FE method. The buckling load was defined as a 
load, which corresponds to the horizontal displacement of the web of 1,5 mm. It was difficult to 
recognize, when the frame effect started during the experiment. That’s why the tension effect 
was given by an approximate value. In Table 3 are only shown the complete ultimate loads from 
the tests and the analytical analysis. 
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