










 

 

Figure 9. Cross sections A-A (transverse section) and B-B (longitudinal section) of the 3-panel models.  
 
As similar to the single panel models, all 3-panels models were put under uniform compression as 
can be seen in figure 10 till buckling of the panel occurs. The evolution of the buckling force or crit-
ical load in varying the gap is shown in figure 11. Although the results are less clear, the same con-
clusions can be maintained as in the case for single panel models. The unexpected higher buckling 
strength at a gap of 10 mm and 20 mm may be neglected due to probably additional friction in the 
fixations of the longitudinal edges, although this could not be confirmed. 

 

 
Figure 10. Testing of the buckling strength of plastic 3-panel models.  

Figure 11. Evolution of the measured and calculated buckling strength in varying the gap in the 3-panel 
models.  
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3 STRESS CONCENTRATIONS AND FATIGUE 

3.1 Stress Concentrations [5] 

Partial stiffening may result in the situation that at each crossbeam, the compression stress is di-
verted from the plate thickness to the larger section with stiffeners. This seems to result in heavy 
stress concentration effects and consequently in low fatigue strength. Cutting upper parts of the 
stiffeners as illustrated in figure 12, or at least having smoother transitions can effectively reduce 
the stress concentrations. Interesting is the reduction of the stress concentration factor in relation to 
the increasing gap, as shown in figure 13. A small gap (< 50 mm) introduces rather high stress con-
centrations. Nevertheless, this stress concentration drops significantly by increasing gaps, which are 
still acceptable related to the loss of the buckling strength [5]. In verification of these theoretical re-
sults, fatigue tests were carried out on simplified steel models.   

Figure 12. The right and skew edges of the longitudinal stiffeners. 
 

Figure 13. Reduction of the stress concentration with gap-value. 

3.2 Fatigue tests of simplified steel models 

 
Figure 14. Fatigue tests of 5 simplified steel models 
 
Fatigue tests were carried out for 5 simplified steel models as illustrated on the right of figure 14. 
The dimensions of the base plate are a width of 200 mm and a thickness of 10 mm, the stiffeners 
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having a height of 100 mm and a thickness of 8 mm. The total length of the model is 800 mm. One 
model is without gap, the following 4 models are having a gap of respectively of 20 and 40 mm. 
The edges of the stiffeners of two models are showing a slope of respectively 30 and 45 degrees. 
All models are foreseen of strain gauges in order to detect the local stress flow. For the tests dynam-
ic axial loading in longitudinal direction was used. Determination of the exact responses on load 
was given by using of static "“re-loading” of the specimens. Referring to the fatigue detail catego-
ries of the eurocode ENV 1993-1-9, the basic loads putting the models under compression were in-
dividually adapted since fatigue categories of interrupted stiffeners with a certain slope [5] are high-
er. Therefore, loads were adapted in order to find equivalent fatigue strengths. Unless serious cracks 
would occur, the aim was to test each specimen up to 2 000 000 cycles, thus verifying the eurocode 
for this particular detail. Table 1 gives the different loads according to the particular fatigue catego-
ry as well as the results of the fatigue tests (achieved number of cycles) of the five simplified steel 
models. Although the fatigue category for specimens 4 and 5 are theoretically higher, cracks oc-
curred at an early stadium. Probably, the sudden changes in the stress flow for these details proba-
bly introduce more second order bending in the base plate, thus increasing the compression stress 
nearby the welded end of the stiffeners. This could be derived by measuring of the horizontal 
movements, however further research is needed to verify these effects.     
 
Table 1. Results of the fatigue tests of simplified steel models 
 Gap Load Fatigue category N° of cycles Observation 
 (mm) (kN) (MPa) (-)  
Specimen 1 - 160,3 71 2 000 000 No crack 
Specimen 2 20 137,4 56 2 000 000 No crack 
Specimen 3 40 138,9 56 2 000 000 No crack 
Specimen 4  40 – slope 30° 161,9 71 237 000 – 299 000 Crack in base plate 
Specimen 5 40 – slope 45° 138,0 71 1 020 000 – 1 167 000 Crack in base plate 

4 CONCLUSIONS 

In order to find the influence on the effectiveness of non-continuous stiffening, investigations and 
FE-calculations with single and continuous web panels with open stiffeners under uniform com-
pression were made. In increasing the gap between the edge of the longitudinal stiffener and the 
crossbeam or the diaphragms, a loss of buckling strength only occurs after sudden gaps depending 
on the characteristics of stiffeners, the base plate and the edges. If the contribution of longitudinal 
stiffening to the buckling strength is small, the stiffening stays effective, even for large values of the 
gap. Heavy stiffening, increasing effectively the panel buckling strength, suffers larger loss of buck-
ling strength, when increasing the unstiffened length. In verifying the loss of buckling strength, la-
boratory buckling tests on plastic single panel and 3-panel models were carried out. The experimen-
tal verifications affirm the earlier conclusions as could be theoretically derived for steel panels. 
When increasing the gap, stiffening which is not continuous remains effective even with large gaps. 
Nevertheless, attention is given to the loss of additional strength in the models without gap, as well 
as to the slightly lower strength for limited gaps in relation to the calculated values in both experi-
mental cases. In addition, in verifying the restriction of fatigue strength which may be introduced by 
non-continuous stiffening, full-scale fatigue tests of steel models of the complete construction detail 
were carried out.   
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