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and, less frequently, by chemical attack. Due to progressive weathering and spalling of the concrete 
surface as a result of water freezing in the capillary pores (an increase in volume of 9 %), the 
concrete bond keeps deteriorating and the concrete cross section decreases in size. Initial test results 
[1] have shown a reduction in concrete strength of up to 35 %. The compressive strength of the 
concrete damaged by freezing fc,damaged  [MPa] as a function of the compressive strength of the 
undamaged concrete fc,o  [MPa] is given in [1] as follows: 
fc,damaged  = 0.96 * fc,o  - 9 (1) 
The chloride damage, the carbonation of the concrete and cracks belong to the damage caused to 
the concrete with effects on the reinforcement steel. This type of damage has a major influence on 
the serviceability limit state. The effects on the material properties which influence the ultimate 
limit state are currently under investigation. Due to the large variety of influences, the reduction in 
concrete compressive strength cannot be defined more precisely at the moment. As the sensitivity 
analyses in the reliability calculation have shown the influence on the reliability index β of the 
height of the concrete strength class in comparison to the other basis variables i.e. traffic load, is 
rather low.  
In reinforced concrete bridges, corrosion of the reinforcement steel is the major damage condition 
with regard to the load – carrying capacity. The corrosion can normally be easily identified by a 
visual inspection, but it is difficult to quantify. For the reliability calculation, the reduction of the 
cross section of the reinforcement steel and the effects on the tensile strength must be considered.  
2. Probabilistic calculation and assessment 

The assessment of the damaged bridges is carried 
out with a reliability analysis (FORM and 
SORM). The traffic, the model uncertainty and 
the tensile strength of the reinforcement and thus 
the residual cross section of the reinforcement 
bars have a major influence on the reliability 
index β. The statistic distributions for the basis 
variable of the loads and resistance were chosen 
with reference to JCSS [2]. 

Fig. 1: View of the bridge to be assessed 
The diagram developed in Figure 2 for the example bridge in Figure 1 allows an assessment of the 
load-carrying capacity of the superstructure of the bridge after a visual bridge inspection. 

The diagram shows the 
permissible traffic load class 
depending on the degree of 
corrosion of the reinforcement bar 
in order to ensure the required 
level of safety. The target 
reliability for bridges according to 
[2] is β = 4,3 for a return period 
of 50 years. For the assessment of 
existing structures, the target 
reliability may be reduced by 0,5 
to 3,8. 

Fig. 2: Reliability index β as function of the degree of corrosion 
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