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VINCI group, is the largest worldwide construction and concession group, and operates 
exceptional structures and long span bridges such as Confederation Bridge in Canada, Vasco de 
Gama Bridge in Portugal, Severn Crossing bridges in the UK, and more recently, Rion-Antirion 
Bridge in Greece. 

European concession contracts commonly last over periods ranging from 20 to 70 years. 
Preventive inspections and structural maintenance represents significant challenges which occur 
over such periods. In the case of Gefyra, Operation Company of the Charilaos Trikoupis Bridge, 
also called Rion-Antirion Bridge, the concession period is 35 years.  Therefore, Gefyra decided 
to seek for a possibility to build methodologies and system to optimize structural inspection & 
the maintenance process. This includes: 

A structural health monitoring system which provides real time monitoring of the bridge and 
automatic alarm management. The monitoring system is designed to monitor all critical 
elements of the bridge in order to detect abnormal behavior. It provides in particular automatic 
traffic management in case of earthquakes and high winds, which are common events in this 
part of the Gulf of Corinth. 

Besides the health monitoring system, a computerized inspection & maintenance system has 
been put into place. This improves quality and cost efficiency of the global process, as well as 
provides to the Greek authorities full quality control. 

This paper will briefly describe the methods and system involved, but will mainly focus on the 
benefits for the Concession Company and the Greek authorities. 
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1 INTRODUCTION 

The Rion-Antirion Bridge, located 250km west of Athens in Greece, is a multi-span cable-
stayed structure. Its 2,252 meter continuous deck fully suspended from the pylons is the longest 
cable stayed deck in the world and its reference span of 560 meters ranks in the world top 10 
longest cable stay spans. 
The bridge’s environment presents an exceptional combination of adverse physical conditions 
that had to be included in design:  

• Earthquake with a return period of 2000 yrs or 5% possibility of exceeding in 120 yrs 

(operational life)  

• Tectonic movements of 2m in all directions between adjacent piers 

• Wind speeds up to 266km/h  

• Ship collision of 180000t DWT approaching at a speed of 16 knots 

• Water depths up to 65 m with a weak sea bed,  

 

 

Figure 1 - Bridge location, aerial view during construction & final view 

 

To adapt to this environment engineers of VCGP & experts had to design and use several 
unusual and impressive solutions: 

• The 90m diameter shallow foundations have been placed on a soil reinforced by steel 

inclusions. 

• Dissipation system which is activated when the restraining system, which provides 

lateral support on each pier, fuses 

 

The total cost of the project amounts to approximately 800 million Euros. The Concessionaire, 
Gefyra S.A. is responsible for the design, construction, financing, maintenance and operation of 
the bridge during the concession period. For the optimization of the structural inspection & 
maintenance process Gefyra SA cooperated with Advitam in order to build methodologies and 
systems to fulfill the aforementioned target. The scope of works included: 

• A structural inspection & maintenance manual 

• A computerized system for inspection & maintenance management 
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• A real time continuous structural health monitoring system 

2 STRUCTURAL INSPECTION & MAINTENANCE MANUAL 

The Inspection and Maintenance Manual (IMM) is the operational document which contains all 
the important data with regard to long term management of the structure and its risks. The 
Inspection and Maintenance Manual is a part of the contractual data that the main contractor 
gives to the operator, and that is usually controlled by the owner (Greek Authorities). The 
information contained in this document is designed to be easily read. A synthesis of the 
important parameters is provided. The Maintenance Manual has heavy consequences on the 
inspection costs of the Bridge, as it defines the program and means of detection of the defects 
that might appear. In the case of Rion Antirion Bridge, the access means represent a 
considerable cost and having a wrong definition of the inspections contents would have created 
severe cost implications during the full life of the bridge. 
 

The content of the periodic Inspections and Preventive Maintenance and the schedule for the 
first 20yrs of Operation is specified in the IMM. It covers: 

� Inspection-maintenance types 

• Regular and Detailed  

o Type A (every year) 

o Type B (every 2 years) 

o Type C (every 4 years) 

o Type D (every 4 years the first time and after every 8 years) 

• After special events such as earthquake, boat collision, fire, … 

� Specialized maintenance 

� Tests 

• Concrete durability tests 

• Weld tests 

� Maintenance of instrumentation 
 

The content and the schedule of the inspections have been defined by a specific structural risk 
analysis method developed by Advitam. This method takes into account all specific risks of the 
structure: 

• Design risks : this category includes the ignorance of a problem, or design 
mistakes that leads to structural insufficiency 

• Construction risks : This family involves the risks that are left after the 
construction, linked to deviation between the design expectation, and the 
field reality 

• Ageing risks: Materials ageing is inevitable; the process is however well 
known and is usually controllable. An insufficient control could result on the 
long term to structural insufficiencies 
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• Operation risks: During the lifespan of the structures, alterations to the 
theoretical behavior can appear. They may not directly relate to the structural 
aspects, but still can cause structural modifications, or persons injuries, (i.e. 
traffic accident, ice on the pavement, …) 

• Hazards risks: During its life a structure will be submitted to external events 
that might not be taken the account of the design. These events are 
exceptional but they still require specific reactions (i.e. earthquake, boat 
collision, fire, …) 

• Maintenance risks: Maintenance of a structure may imply to modify its static 
conditions, and therefore create operation risks by itself. An insufficient 
knowledge of the risks related to an operation could lead to unwanted 
damages to the structure and to the workers, or users of the structure. 

 

Each of these risks appears at different periods of the life of the bridge, and for each risk a 

different prevention or corrective action has to be set. Main outputs of the manual are 

1. A general inspection planning per component 

2. Detailed check list showing for each component: 

o What defects can appear 

o How defects shall be detected, measured & reported 

o What maintenance action is recommended for every particular defect 
/ component 

 

 

Figure 2 - Inspection planning 
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3 INSPECTION & MAINTENANCE COMPUTERIZED SYSTEM 

 

Maintenance of the bridge over a 35-year period requires specific methods in order to keep 
records of the huge amount of data involved independently of the changes in the maintenance 
team. Existing system, so-called ScanPrint, developed by Advitam and already used for other 
long span bridges such as Tagus Bridge in Portugal, Confederation Bridge in Canada, or 
Nanjing III Bridge in China, has been customized to fit exact needs of Rion-Antirion Bridge: 
 

• Bridge Inventory has been organized in the system 

o All elements and equipments are described, including relevant 
electronic documents (notes, drawings, photos, …) 

o Inspection check list has been computerized 

o A database of about 200 known defect types allows very organized 
and standardized follow-up of defect history 

 

     
Figure 3 – Tree-view of inventory data / Inspection check list for a bearing 
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The full content of the inspection and maintenance manual is accessible in the computerized 
system. Therefore, inspection teams, using tablet PC computers can access all data while on 
site: 

• Construction & Inventory data including a non conformity report if any 

• Inspection check list lists all defects to report  

• Inspection drawings to accurately report defects 

• History of previous inspections of the same element, including photos taken 
during previous inspections 

• Relevant preventive maintenance actions to perform  
 

The inspection team also uses tablet computers to update the bridge database with new 
inspection data: inspection check list, inspection drawings with defects & photos. 
 
As a result, inspection data is of high quality, standardized, organized, and immediately 
available. The full computerized process makes it possible to save a lot of time and effort as 
interface from inspection to analysis is minimized and factual reports are produced 
automatically. 
 

 
Figure 4 - Computerized inspection & tablet PC inspection software 
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4 STRUCTURAL HEALTH MONITORING SYSTEM 

 

The Computerized Inspection & Maintenance Manual is the main guideline for long term 
maintenance of the bridge. It relies mainly on visual inspection and non destructive testing. 
However, in some situations, additional information is required: 

• Because some information can not be acquired by visual inspection 

• Because visual inspection is sometimes not reactive enough  

• Because visual inspection is sometimes too expensive 
 

This is the reason why, during the structural risk analysis, all possible problems have been 
assessed one by one in order to decide what the best cost effective detection method is.  
 
The Rion Antirion Structural Health Monitoring system, a complementary to other inspections 
tool, includes about 100 sensors (more than 300 channels) with real time information up to 
500Hz per channel. The system was specified during design, installed during construction, used 
as construction monitoring, and is used to monitor the structure during operation period. It’s 
primary purpose is to detect defects, control maintenance actions, manage traffic, and check 
design calculations. 
 
The system includes environmental sensors which provides information about the loads applied 
(especially the wind) to the bridge as well as structural sensors, such as accelerometers, load 
cells, displacement sensors, strain gages, … providing information of bridge response. 
 

 

Figure 5 - Example accelerometers on the ground, the deck, in the pylon, or on a stay 

 

A specific monitoring system has been developed, based on the Lab View standard. The system 
is in charge of data acquisition, transmission, visualization & analysis. It also manages 
automatic alerts in case of abnormal bridge behavior or detection of a problematic signal of a 
sensor. 
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Figure 6 - Sensor synoptic - screen view for meteo measurement 

 

After two years of operation, the real time alert management system has been upgraded. The 
first system was able to detect abnormal behavior and create alert files. The present system is 
able to identify particular events such as earthquake or high winds and send an automatic 
message for information by phone call/SMS/e-mail to dedicated persons. In this case, the 
system adapts a specific acquisition strategy depending on the detected event, automatically 
analyzes the data and delivers an automatic report by e-mail. 
 
For example, in case of an earthquake, the intensity in terms of accelerations is determined and 
the response of the bridge is analyzed in order to automatically inform the Operator and the 
maintenance team if traffic can be left open or if visual checking should be done. In case of high 
winds, the system will also analyze the wind characteristics, and verifies that the deck and 
cables vibration does not exceed specific limits. 
 

          

Figure 7 - Decision tree & automatic report for real time traffic  management during earthquake. 
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5 CONCLUSION 

 

The Inspection-Maintenance and Monitoring program applied on the Rion-Antirion Bridge 
ensures: 
 

1. The continuous structural monitoring of the Bridge maintaining the high-level of 
safety to the users. 

2. The advanced detection of possible deterioration with minimum inspection time 
with the computerized inspection software (ScanPrint).   

3. The storage of all the inspection data in one single database.   

4. The time-effective management of inspection data. 

5. The optimization of maintenance (cost and time reduction, less traffic restrictions). 

 


