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Figure 7 shows the evolution of the mode I stress intensity factor with crack length for panel with stiffeners and 
without stiffeners. No published figures are available for comparison, however it is interesting to note that K1 
value decreases for panel with stiffeners, this gives a good prediction. In our current work, we  predict the 
crack growth curve using linear elastic fracture mechanics (LEFM), according to the Paris region.  

 
Figure 6: Curvilinear-stiffened unitized structure panel under tension and shear loading, and cracked 

configuration 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Evolution of the mode I stress intensity factor versus crack length 
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Abstract 
Wuhan Railway Station Roof is composed of central roof, north wing roof and south wing roof, and the 
total roof area is about 143000m2, with the plane dimension 310m×470m. The main support system of the 
central roof is composed of five main arches with the maximum span of 116 meters, five second arches, 
and leaned columns. Such support system is called “arch- shell combined system” in this paper. In order to 
study the stability behavior of the “arch-shell combined system”, four cases of buckling analysis are done. 
And the results show that the shell plays an important role in preventing the buckling of the arch.    
1.  Introduction 

Wuhan Railway Station Roof is composed of central roof, north wing roof and south wing roof, and the 
total roof area is about 143000m2, with the plane dimension 310m×470m.  

The shape of the central roof is like a crane (Fig.1), and the main support system of the central roof is 
composed of five main arches with the maximum span of 116 meters, five second arches, and leaned columns 
(fig.2). The distance between theses arches is 64.5 meters, and in the head part of the crane, the cantilever span 
is about 30 meters. Above the arches, there is a two-layered lattice shell structure. It should be pointed out that 
the shell supported by arch not directly, but by V branches. We call the combined structure as “arch- shell 
combined system”. The sections of main arches and half arches are variable steel circle sections and the tube 
directly welded joint is adopted in roof lattice shell. 

In order to investigate the stability behavior of such an “arch- shell combined system” deeply, four cases of 
buckling analysis are done which will be illustrated detailed in following parts. 

  
 Figure 2 the support system 

of the central roof 
Figure 1 the central roof of 

wuhan railway station  
 

2. Buckling Analysis 
2.1 Case 1 

In order to study the stability behavior of the main arch, the buckling analysis is performed on the main 
arch only, and a vertical load of 1kN is applied on every node of the main arche (Fig.3). the load condition of 
the next three cases are same as case 1. So the the results can be compared easily. The DOF of out-plane is 
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constrained, because in such an arch-shell combine system the stability of out-plane are strong than in-plane 
which will be find in case 4. The results(Fig.3) shows that the first bucking modal is asymmetric, and the second 
buckling modal is symmetric. The buckling factor(show in the bracket) is very low. 
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Figure.3 case1 buckling mode 

2.2 case 2 
In this case, addition to the main arch, only the truss just above the arch is taken into account, and the aim 

of this case is to investigate how the stiffness of the middle part of the arch affects the stability of the arch. and 
also the DOF of out-plane is constrained. The results(Figure.4) shows that the first three buckling modal shapes 
are almost indentical to case 1, but the buckling factor is almost 2 times of the case 1. So it can easily be 
concluded that the siffness of the middle part of the arch play an important role in the stability behavior of the 
arch. 
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Buckling modal two (2424.2)                buckling modal three (3875.6) 
 

Fig.4 case1 buckling mode 

2.3 case 3 
In this case, the stiffness of the three piece of struss of the shell near the arch is considered. The truss is 

connected to main arch and second arch by V branches. The results(Figure.5) shows that the buckling factor is 
much bigger than case 1 and case 2. also the buckling modal shape are different from previous cases. For the 
struss connects the main arch and second arch tightly and the foot of the main arch, second arch and the truss 
composed a very strong triangle structrue(Figure.6), the middle part of the arch buckles fisrt. 
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Figure.5 case1 buckling mode 
 

 

Shell, main arch 
and second arch 

compose the 
triangle structure

Figure.6 triangle structure 
 

2.4 case 4 
In this case, the whole structure is considered, that is to say that the whole contribution of the shell is 

considered. The results(Figure.7) shows that the buckling factors of the first three modal is a little bigger than 
case 3, and the modal shapes are almost identical to case 3. Results also show that the buckling of in-plan is 
prior to buckling of out-plan, that is why in the first three cases the DOF of out-plane is constrained. 

Table 1 shows the first ten buckling factors of these four cases. 
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Figure.7 case 4 buckling mode 
 

Table 1  compare of the buckling factors of the four cases 
mode Case 1 Case 2 Case 3 Case 4 

1 579.7 1063.3 5475.9 6030.5 
2 991.0 2424.2 7781.5 8625.7 
3 1660.6 3875.6 8888.4 9706.2 
4 2442.4 4068.8 9378.1 10339.0 
5 3378.8 7877.8 9574.7 11511.0 
6 4131.8 9083.5 9633.3 11687.0 
7 5216.3 9804.7 9827.8 11688.0 
8 6515.0 13139.0 10059.0 12076.0 
9 8094.8 14655.0 11059.0 12090.0 

10 9445.8 14660.0 11070.0 12411.0 
 

3. Conclusion 
From the above buckling analysis, some conclusions can be obtained: 
First, for such an “arch-shell combined system”, the shell plays a very important role in preventing the 

buckling of the arch, and the stability behavior of the arch-shell combined system will be severely 
under-estimated if the shell is not considered. 

Second, for such an “arch-shell combined system”, the out-plan stability is usually superior to the in-plan 
stability just because the shell connected these arches tightly. 

Third, during the preliminary design period, it is a reasonable method to just consider some pieces of the 
shell above the arch to investigate the stability behavior of the arch-shell combined system. 
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