
1 INTRODUCTION  

The existing bridges become increasingly older, 
which leads to the fact that bridge inspections will 
be more and more important in the future. But nor-
mally these inspections are time consuming and cost 
intensive. That is why the University of Luxem-
bourg investigates non-destructive testing methods. 
As a part of this project the damage detection, by us-
ing an in-situ load test, was investigated at a real 
bridge in Luxembourg (Scherbaum & Mahowald 
2011b). By measuring the vertical deflection it is in-
vestigated, whether a clear detection of damage is 
possible. 

2 BRIDGE DESCRIPTION  

The investigated bridge is a two span prestressed 
concrete bridge with different span lengths (Figure 1 
and Figure 2). The superstructure of the bridge is a 
prestressed box girder with 32 parabolic, 24 upper 
straight lined and 20 lower straight lined subsequent-
ly injected tendons. In 1987, 56 external prestressed 

steel cables were added into the box girder of the 
large field. 

 
Figure 1. Side view of 
the bridge 

 

Figure 2. Longitudinal section of 
the bridge 

3 EXECUTED TEST PROGRAMME 

To simulate an increasing damage of the bridge the 
superstructure was damaged stepwise by four dam-
age scenarios. Table 1 describes these damage sce-
narios. In each scenario the bridge was loaded and 
unloaded by using 38 steel beams, which illustrates 
an experimental load of 245 t (Figure 3 & Figure 4). 
Throughout the tests, the vertical deflection was 
measured by displacement transducers in section B 
and in section C (Figure 5) at the surface of the bot-
tom plate of the box girder. Additionally to this, the 
vertical deflection was measured in 6 sections (sec-
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tion A to F) along the bridge on the top of the super-
structure (Figure 5) by a digital leveling. 

 
Table 1. Description of the damage scenarios according to the 
cutting sections 
Damage 
scenario 

Damage 

# 0 Undamaged State 

# 1 Cutting straight lined tendons in the lower part of 
the bridge at 0.45L (20 tendons) 

# 2 Cutting 8 straight lined tendons in the upper part 
of the bridge over the pylon 

# 3 Cutting external tendons (56 wires) 

# 4 Cutting 16 straight lined tendons in the upper part 
of the bridge and also 8 parabolic tendons 

 

 
Figure 3. Position of the experi-
mental load 

 
Figure 4. Experimental 
load 

 
Figure 5. Position of the measurement sections 

3.1 Vertical deflection of the superstructure 

Figure 6 presents the vertical deflection measured by 
displacement transducers in section B and section C. 
The two lines in the upper part of the figure repre-
sent the vertical deflection. In the lower part of the 
figure temperature variations are illustrated.  

It can be seen, that each loading and unloading 
step, in each damage scenario can be recognized by 
measuring the vertical deflection. Moreover, it can 
be observed that the vertical deflection increases 
with a strong damage (damages scenario #1 and #3). 
In these two scenarios also a crack formation in the 
bottom plate and in the sidewalls was observed. 
However, a small damage, like damage scenario #2 
does not really lead to an increase of the vertical de-
flection under load. In this damage scenario 8 ten-
dons were cut, which did not lead to a new crack 
formation.  

In Figure 6 it can also be identified, that the 
changing of the temperature leads to the deformation 
of the superstructure. In relation to the damage de-
tection, it can be seen, that temperature changes can 
leads to a larger vertical deflection than damage sce-
nario #2. 

3.2 Comparison of displacement transducer and 
digital leveling 

The comparison of the digital leveling and the dis-
placement transducer reveals that both systems illus-
trate nearly the same global behavior. In the loaded 
damage scenario #3, a maximum deviation of 1.8 
mm was measured between the digital leveling and 
the displacement transducer.  

4 CONCLUSION 

The static load test shows, that a damage which 
leads to a crack could be detected by measuring the 
vertical deflection. In damage scenario #1 and #3 the 
vertical deflection increases in relation to the un-
damaged state respectively to the previous damage 
scenario #2. But it is important to know, that the in-
fluence of the temperature changing could even be 
higher than from a small damage. So this influence 
has to be considered in the analysis of the static load 
test. To be aware of the influences due to tempera-
ture, the deflection behavior of an undamaged struc-
ture should be analyzed for varying temperatures. 

Also it is important to take into account the 
measuring accuracy of the different measuring sys-
tems.  

 
Figure 6. Vertical deflection in section B and C and tempera-
ture changes during the test period 
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