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paint maintenance one time due to flaking of the 
topcoat and not for corrosion. The maintenance 
costs for the two bridges are compared in Figure 2.  

 
Figure 2. Actual life cycle costs for the Brevik and 
Rombak bridges 

Comparing Figure 1 with Figure 2 it is apparent that 
the coatings on the actual bridges are 
outperforming the models. The life cycle costs for 
the paint model are almost three times as 
expensive as the duplex coating, while the actual 
costs on the Brevik bridge are only twice as 
expensive after 50 years. The model calculated six 
maintenance cycles for paint, while the Brevik 
bridge has only had four maintenance cycles. This 
may be due to the extra layer of paint on the real 
bridge. As well, the duplex coating on the Rombak 
bridge has only had one maintenance cycle, while 
the model calculated two.  

More importantly, both the model and the actual 
life cycle costs show the important cost benefit of 
the duplex coating compared to the paint-only 
coating. In both cases the duplex coating is more 
cost effective after only 12-13 years. The 
assumption to initiate touch-up painting on duplex 
coatings at time 2T is also validated as the reality is 
more than 3T, confirming the important synergistic 
effect of the duplex coating.  

The model and life cycle costs only compare the 
cost of maintenance for the protective coatings. 
Not included are the structural repairs to the Brevik 
bridge that have been needed to repair corrosion 
damage at riveted joints. The total cost of 
ownership is significantly less for the duplex coated 
bridge after 50 years. With a 100-year design life, 
this difference is only expected to grow. 

4 Conclusions 
Duplex zinc coatings for steel structures consist of 
a metallic zinc coating, typically hot dip galvanized 
(HDG) or thermal sprayed zinc (TSZ), painted with a 
protective organic coating. Duplex coatings have 
proven to be very durable and the time to first 
maintenance of a duplex coating can easily be 
twice the life of the individual metallic zinc and 
paint coatings alone. Life cycle costs models 
verified with real-life performance have shown the 
benefits of using duplex zinc coatings for corrosion 
protection to reduce the total cost of ownership of 
steel bridges, as well as to show that steel bridges 
are competitive with concrete structures for short 
spans.  
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Abstract 
The system of the extradosed cable-stayed bridge constantly changed during construction. In order 
to obtain the reasonable finished dead state and ensure the structural safety during construction, it 
is necessary to deeply investigate the construction stages. A finite element model of a real long-
span railway extradosed cable-stayed bridge built in China was established by using MIDAS/Civil 
finite element software to analyze the stress and deformation of the bridge based on reasonable 
construction state. The results show that it should be paid attention to the longitudinal 
displacement at the top of the tower after the middle-span closure stage, and the vertical 
displacement of the girder in the longest single cantilever stage. The maximum compressive stresses 
of the tower appeared after the cable tensioning and the girder appeared when the bridge is in the 
longest single cantilever state are less than the design compressive strength of concrete C55. The 
maximum tensile stress of the girder appeared when the bridge is in the longest double cantilever 
state is less than the design tensile strength of concrete C55. 

Keywords: extradosed cable-stayed bridge; finite element analysis; reasonable finished dead state; 
reasonable construction state. 
 

 

1 Introduction 
Extradosed cable-stayed bridge is a hybrid typology 
between the continuous girder or rigid frame 
bridge and the cable-stayed bridge [1-4]. Extradosed 
cable-stayed bridge has the advantages of large 
structural stiffness, excellent span capacity, 
convenient construction, good economy and 

beautiful shape [5-6]. The tower height in the 
extradosed cable-stayed bridge is low, which is 
beneficial for the control of the transverse 
displacement at the top of the tower and the girder 
deformation. The extradosed cable-stayed bridge 
has been widely used for railway bridges [7].  
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