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• Due to the lack of sufficient material test data from the wires, a reduction in wire strength was
assumed based on examples from NCHRP 534 [1]. Although the sample size of wires tested
was small, the data indicated that the strength of the wires is likely higher than specified on
the original design drawings.

• In place of enough test data, a percentage of cracked wires was assumed for each stage of
corrosion based on the examples in NCHRP 534 [1]. Research conducted by Qu et al. [3] on
the interaction between wires of helically wired strands has shown that wires can be damaged
up to 80% and cause no change in the strain of the surrounding intact wires. Therefore, the
impact of cracked wires on the overall cable strength would be significantly less as the load
is not redistributed throughout the other intact wires.

• The research completed by Qu et al. [3], the test results indicated that the wires in the interior
of the cable carried more load than the wires on the outside of the cable. Therefore, the
influence of corrosion on the outer wires of the strands would have less of an impact on the
overall cable capacity than as indicated by the results of this strength evaluation. All of the
corrosion on the strands has been observed only on the outer wires.

3 CONCLUSIONS 

To COWI's knowledge, there are currently no documented methods to evaluate the cable 
strength of a deteriorated helicoidal main cable, therefore NCHRP [1] approach was modified for this 
work. Continued investigations, including additional cable openings and material testing, would be 
needed to further narrow the results. One restricting feature of the helicoidal cable is the lack of ability 
to investigate the condition of the core of each strand, other than if a broken wire is present. 

To preserve as much capacity in helicoidal main cables as possible, COWI consider the 
following recommendation appropriate: 

• Addition of the dehumidification system.
• Frequent inspections are required to maintain an appropriate level of understanding for

the changing condition of cables. Inspections could not be required if a dehumidification
system are installed as these systems have proven to reduce the humidity within the
cable to below that needed for active corrosion.

• Inspections are snapshots in time of the main cable condition, and since the strands are
helical, visual inspections can only provide information for a reduced number of the
wires. As a result, much of the condition of the cable is not known with certainty. One
method to monitor and locate new wire breaks continuously is using acoustic emissions.
When a wire breaks, energy is released, and this can be detected by sensors. By using
multiple sensors and thorough calibration, the wire break locations can be
approximated, allowing for targeted visual inspections. These systems require careful
design to optimize the amount of data collected and do not provide a record for previous
wire breaks, nor can they replace detailed visual inspection; however, they can provide
valuable information about progressive cable deterioration.

• In addition to laying out a detailed inspection plan for the main cables, efforts must be
made to slow or stop further main cable corrosion, keeping cable wrapping and sealant
systems around the cable bands in the best condition possible.
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ABSTRACT 

 The most spectacular and large bridge in Bulgaria and one of the largest in South-
East Europe bridge in Sofia was put into operation at the beginning of October 1983. The bridge 
perform a multi-span, prestressed reinforced concrete construction with a total length of 2114 
m, a total width of 21.5 m and an average height above the ground of about 10 m. This 
important, effective and aesthetic bridge serves as a connection between the busiest input-
output highway and the airport of Sofia. It ensures a convenient access to some highways, 
railways, streets and the airport. As a result of this requirement, the erection of the prestressed 
reinforced concrete bridge is not allowed to cross the railway between Sofia and Varna. So, a 
90 m long middle steel part was designed to cover two spans of 45 m each in the multi-span 
bridge structure. In transverse direction the orthotropic bridge, consists of two individual parallel 
triple-box decks parts, which carry the traffic in two opposite directions. Each deck has a 7.5 m 
wide roadway with two lanes. The bridge is analysed as a frame structure using the finite 
element method. The design parameters of the bridge are verified by static and dynamic tests. 
The steel structure is designed as a two-span continuous beam with a box cross-section and an 
orthotropic deck. The paper deals with the most important aspects which consider the design 
approach and the construction process of this large, steel orthotropic bridge in Bulgaria. 


