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 The largest transport infrastructure 
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Concessions in the US of America  
Operations in the Netherlands and 
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Management of transport 
infrastructures (roads and railways) 

 Investments in SHM 
Sorraia Bridge (A13) 
Lezíria Bridge (A10) 
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1700m  
3 viaducts  
Length:  ≅500m (average) 

970m 9160m 
22 viaducts 
Length: 250-530m 

G
IR

D
ER

 

Beams (h=2m)  
Typical span length: 33m 

Box girder (h=4 to 8m) 
Consoles built in 2nd stage 
Span length: 95-130m 

Precast beams 
Planks and in-situ concreting 
Typical span length: 36 m 
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Balanced cantilever method Partial precast solution 
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The structure 



 Main subsystems of the monitoring system of the Lezíria Bridge  
Subsystem 1: Power supply 
Subsystem 2: Sensorial 
Subsystem 3: Network communication 
Subsystem 4: Database & data processing 

Measurements: 

Long-term monitoring system of the Lezíria Bridge 

 Static acquisition system:  
Time dependent properties of concrete and prestressing steel relaxation, soil-
structure interaction, environmental effects. 

 Communication and database system:  
Operation Central at BRISA with 
remote database access. 

 Optical acquisition system:  
Comparative evaluation with the 
electric system, dynamic acquisition 
of measurements concerning 
concrete deformations. 

 Dynamic acquisition system:  
Impact of boats and earthquakes. 
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The architecture of the monitoring system 
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Assessment of the structural performance 



TOP 

BOTTOM 

CONSTRUCTION  PHASE LOAD TEST LONG-TERM 
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Long-term monitoring system of the Lezíria Bridge 
Assessment of the structural performance 



Sensor location Best measurement stability Requiring particular maintenance 
Embedded • Vibrating wire strain gauges 

• Pt100 thermometers 
• Fibre optic sensors 

• Fibre optic sensors 

  

External • LVDTs 
• Pt100 thermometers 

• LVDTs (corrosion) 
• Sonar altimeters 

External sensors Connection boxes Cables path 
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 Good condition after 9 years of operation and without signs of vandalism 

 Overall, 93 % of the embedded sensors are operational 

 Quality of the collected measurements vs. required maintenance 
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Long-term monitoring system of the Lezíria Bridge 
Sensorial subsystem 

Acquisition nodes 



Steps towards a more efficient asset management 

Subsystem Action 

Power supply • Checking AC adapters and batteries. 
• Checking the power supply units’ configuration. 
 

Sensorial • Maintenance/replacement of some external sensors (ageing). 
• Painting of some support equipments. 
• Periodical checking of the status of acquisition equipments. 
• Replacement of computers. 
• Checking labelling and sealing of all equipments. 
 

Communication • Checking switches status and optic cables integrity. 
 

Database • Add information related to events in the bridge in order to support 
data interpretation (e.g. inspections, events on the bridge, 
construction time-history). 

• Updating measurement thresholds (based on refined FE models) 
• Upgrading the data processing routines. 
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Maintenance actions 



 Limitations 

 A risk-based monitoring informed framework 

• poor material models (creep & shrinkage) 
• rates of shrinkage and creep deformations in box girder cross-sections 
• numerical models simplifications 
• absence of monitoring approaches to map shrinkage/creep deformations 
• lack of consistent modelling with regard to material and other uncertainty sources 
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RELIABILITY modelling 
Shrinkage, creep model uncertainty 
evaluation (choice of models for FE) 

MATERIAL/STRUCTURAL 
modelling 

Hybrid 1D/3D modelling 
Limit state specifications 

Geometry, Material and Environment modelling 

Response Surface evaluation 

Stress, Rotations & Displacements 
    (sensitivity analysis and validation) 

Stress, Rotations & Displacements 
    (reliability assessment) 

Performance profile prediction 
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(DIC) 

Steps towards a more efficient asset management 
Consistent treatment of uncertainties 



• Integration of physical-mechanical / probabilistic models, and in benefiting 
from SHM to support asset management throughout the operational lifetime 

 - creep & shrinkage indicators based on point/section strain profiles - 

Conclusions 

• Monitoring projects as part of the bridge design tasks  
 - optimised solutions - 
• System architecture design in the perspective of the bridge owner 
 - resources optimisation - 
• Monitoring systems are complex (sensors type, acquisition systems & data) 
 - integrated solutions - 
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• Feedback their satisfaction with SHM systems 
 - improvement of solutions - 
• Long-term monitoring systems requires some periodical maintenance and 

continuous improvement 
 - towards a reduction in the inspection costs - 

 For the providers of SHM systems 

 For the bridge owners and maintaining agents 

 For the research community (WG2 of the COST Action TU1402)  
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