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ABSTRACT 
 
     The large amounts of capital invested in nuclear structure construction, combined with ever-increasing design life 
requirements and the use of high-technology construction methods, has highlighted the need for comprehensive structural 
monitoring and management techniques to ensure that deterioration can be identified early and corrected before large-scale 
repairs are required. Structural patrimony represent very large investment, and the management of such patrimony over long 
periods becomes a crucial issue. Owners & concessionaires are facing new problems and need to mitigate the cost of 
maintenance of their infrastructures. 
     One key technology have recently been developed which allow to follow globally a structure and to assist in fulfilling 
these requirements. Major owners have selected such technologies, this paper is developing recent applications. 
     The ScanPrint® System, a computerized structural management system which features a portable graphical user interface 
and a complete structural pathology data base, is being used to generate comprehensive records of structural inspections 
throughout the life of the structure. 
     A powerful expert system including full knowledge database is used to provide useful management information to the 
structure owner. This paper describes the development and application of this technology and presents case studies that 
emphasize the value of this proactive approach to structure management. 
 
INTRODUCTION 
 
     The 20th century has been a period of considerable growth and development in many aspects. Like other disciplines, civil 
engineering has pushed forward the limits: the challenge was to build higher buildings, longer bridges, etc. Now that 
developed countries are facing decreasing demographic trends and environmental consciousness, the challenge is not so 
much to build higher or longer but to manage properly this huge infrastructure. The 21st century will hopefully see record-
breaking achievements of construction, but no doubt these landmarks will be achieved with more emphasis on environment-
friendly and recyclable materials, realistic design, life cycle cost, effective maintenance and pre-emptive repairs.  
In North America, Europe and Japan, government agencies and large private owners are now facing the challenge of 
maintaining with limited resources large stocks of vital infrastructure: highways, railways, bridges, dams, power stations, 
harbors, industrial facilities… This infrastructure has not been designed to be easily repaired or replaced, and is getting older 
and more vulnerable.  
     A technology has recently been developed to match the growing needs of valuable information for the decision-makers. 
People involved in the maintenance and repair process imagined ScanPrint®. Taking advantage of the progress made in 
computer processing, data management and communication technologies, ScanPrint® combine cost-effective data 
acquisition/storage/transmission hardware with powerful analysis and reporting software. It provide structure owners and 
managers with valuable, extensive and systematic technical information in quasi-real-time on the health condition of their 
infrastructure. 
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THE PRO-ACTIVE MAINTENANCE STRATEGY: THE ONLY CHOICE 
 
     Let us take the example of bridges in Japan to illustrate the essential role of an effective maintenance: Fig.1 shows the 
number of new bridges built in Japan in the last 70 years. 
     Construction reached a peak during the economic boom in the 60s and the 70s, while the present level is approximately 
half of the peak value. If we estimate an average design life of 50 years for all these bridges, that means that from 2010-2020, 
most of them will have to be replaced. However, the resource that was allocated in the 60s-70s to bridge construction may 
not be available in 2010-2020. The only way to avoid this situation is to maintain and repair the existing bridges (at a lower 
cost than replacement) in order to extend their service life.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“Reactive maintenance” versus “pro-active maintenance” 
     To repair and upgrade the existing patrimony, there are 2 options: the “reactive maintenance” strategy, and the “pro-active 
maintenance” strategy.  
     The “reactive maintenance” strategy is to exploit the capacities of an infrastructure as much as possible without spending 
any resource in “voluntary” maintenance process: as the structure degrades, it will someday reach a point where the service 
can no longer be ensured (with respect to security/regulatory/structural reasons). At that point, it is necessary to perform 
extensive repairs that will alter, interrupt or stop the service for the duration of the repairs. 
     The “pro-active maintenance” strategy is to say: “even if my infrastructure is in good condition today, I will spend some 
money to make sure that it will be in satisfying condition tomorrow”. 
     What is the difference ? In one case (the “reactive maintenance” strategy) the infrastructure manager is blind and runs the 
risk of a major and generalized damage. While in the other case 
(the “pro-active maintenance” strategy) the infrastructure manager 
constantly has a full and updated knowledge of the condition of its 
structure. He can detect minor defects and correct them before they 
get larger, he can forecast problems, allocate accurate repair 
budget and simulate the future evolution based on the past archived 
data. 
     In terms of cost, the “reactive maintenance” strategy is more 
expensive, because the process of deterioration of concrete or steel 
is not linear in time but exponential. In reinforced concrete 
structure, such minor defects as micro-cracks can grow if water 
penetrates and ice is formed, leading to larger cracks with a 
possibility of corrosion of the reinforcement steel that will finally 
endanger the whole structure. In steel elements, a small defect in 
the corrosion protection can expose the entire element to 
generalized corrosion and dissolution. By definition, the “reactive 
maintenance” strategy will perform extensive and costly repairs at 
an advanced stage of damage, whereas the “pro-active 
maintenance” strategy would have recommended localized repairs 
to fill the micro-cracks and to improve the corrosion protection.                       
This cost difference is not only the direct savings in repair costs, 
but also the avoidance of major service interruptions, lower 
insurance premiums, more efficient long-term planning and greater asset value due to improved confidence in the structural 
integrity. 
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Fig.1: Construction trends for bridges in Japan 
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The consequence of “pro-active maintenance”: 
     As the advantages of the “pro-active maintenance” became obvious to more and more people involved in the 
infrastructure management, technical methods and tools used to monitor the health of the infrastructure have been inventoried 
and rules have been set to establish the diagnostic. Each authority has been developing is own maintenance manual, taking 
into account their specificity, their different priorities, safety requirements, resources and range of competence. One 
consequence of a “pro-active maintenance” is that it necessitates to record, report, analyze and store tons of data and that it is 
easy to get lost in the clerical work.  
     In most cases it involves inspectors going on site and inspecting the structure, taking hand-written notes of the defects. 
Back in office they copy the defect on the structural drawing, along with their dimensions and characteristics. According to 
their manual, they will then affect a mark or a comment for these defects, and will establish reports that will be handed to the 
engineers in charge of the analysis. The engineer may struggle with inhomogeneous notation system, unreadable handwriting 
and confusing dimensions. One can immediately see that such a system is inconsistent and subjectively dependent on the 
relative experiences of the individuals taking the notes or making the analysis. 
     As for the instrumentation, it is easy to decide to put sensors in various parts of the structure, but deciding the key 
locations that would comprehensively monitor the structure’s health is quite difficult. Moreover, the number of data 
generated can soon become a problem: a set of sensors placed of a minor bridge can generate in a few days gigabytes of data 
that very few people may actually be able to understand surely. 
     ScanPrint® has been developed to provide decision-makers with clear, objective and consistent information about the 
health condition of the infrastructure in a efficient and cost-effective way. 
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Fig.5: definition of structural data 

SCANPRINT® 
 
     ScanPrint® is a set of software, database, powerful graphic and analysis tools. It has been designed to optimise the 
maintenance process and reduce the cost of maintenance. 
 
History 
     The Vinci group has acquired over the last 80 years an important amount of knowledge in structures, materials and bridge 
equipment. The know-how of the group extends to the knowledge of structural defects, inspection of structures, maintenance 
methods and repair works. Four years ago, the group has developed on its own a database including all its knowledge and its 
experience concerning material pathologies and structural defects. It soon appeared that the existing knowledge database was 
a good start for a powerful maintenance software. Vinci confided to Advitam the creation of a global management software 
for inspection, management and analysis of structures: ScanPrint®. The first version of the software has been launched in 
August 1999 and has been immediately chosen by the administrators of the Vasco de Gama bridge in Lisbon (Portugal). 
     Today, ScanPrint® is the only management and inspection software linked to an expert system allowing a fine analysis of 
detected defects and good understanding of structural behavior and material pathology. 
     To assist managers, consultants, inspectors and engineers in all steps of the maintenance process, ScanPrint® is structured 
into 3 main components: 
 
ScanPrint® for the owners: ScanPrint Management 
     This part of the software is used to define and manage a structural stock. Each structure is characterized by: 

• administrative data 
• decomposition into elementary sub elements  
• technical data (inspection drawings of structure and equipment 

in AutoCad format) 
• inspection procedures and maintenance sheet associated with 

each sub element 
     All data are centralized in a global database. 
     ScanPrint® includes many facilities for automatic generation of 
inspection drawings. All the structure definition in ScanPrint® shall be 
done only once before the first inspection. It then remains valid for 
later inspections. 

Fig.4: decomposition of a stay cable bridge into
elementary elements 
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ScanPrint® for the inspector: ScanPrint Inspection 
     This part of the software is used for the site inspection. The inspector goes on site with a hardened touch screen computer. 
He has on the hard disk a part of the global database with the structures that he has to visit.  
     In particular, all the inspection drawings are accessible and he has the possibility to report directly on screen his 
observation (type of defect, localization, size, appearance,…). A digital photo can be linked to the observation. 

 
     The software includes a library of more than 200 built-in defects. For each defect the online help show a full description 
with examples and the pertinent parameters to be measured. In the same way, test results (such as Schmidt hammer, pH, 
temperature…) can be reported directly on the drawing (positioning of test point and entry of the result values).  
If inspection procedures are defined for any sub 
element, he has the obligation to pass through the 
checkpoints. 
     At the end of the inspection visit, the 
inspection computer is finally connected to the 
global database (direct connection or modem) to 
upload the inspection and maintenance records 
and download the data of the next inspection visit. 
     The inspector has the possibility to produce 
instantly inspection reports in MS Word format, 
and typical or regulatory inspection reports can be 
saved for later use. 
     ScanPrint® also offers the possibility to 
manage the inspector schedule. 
 

Fig.6: the inspector can visualize a library of
more than 200 fully documented defects and can
report the chosen defect on the inspection
drawing via the pen computer 
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Fig.7: samples of inspection reports 
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ScanPrint® for the consultant: ScanPrint Analysis 
     The collected data are used to assess the structure and define further maintenance/repair works. 
     The analysis software is organized into four main tools: 

• The topological morphing tool draws the defects of similar parts of the structure into the same non-dimensional view. 
It is useful to compare qualitatively the damages on different elements having similar functions and geometry.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• The statistical tool uses the causes-consequences diagrams and expert system defined in the knowledge database to 
estimate the origins of the observed defects and their possible consequences. 

• The defect classification tool interpolates the time history of each defect in order to obtain the expected date at which 
the defect will reach a pre-defined limit value (defined as ‘red value’). The results are displayed on a non-dimensional 
graph, where the defects of different nature can be classified according to their proximity to the red value and the 
expected remaining time to reach the red value. This graph is useful to set priorities for repairs and select which 
defects should be repaired urgently within a limited budget. 
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Fig.8: Superposition of defects in non-dimensional view 
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New release 
     The latest version of the software presents three major improvements: 
" The new PhotoScan module allows the analysis of defects from photos. Digital pictures can be reported on scale on the 

inspection drawings, with correction of the deformations due to the camera lens. 
This tool has been developed for two applications: 

- inspection of inaccessible part of structure without use of heavy equipment as cooling tower 
- quick reporting of very damaged zones (after an accident, earthquake…) 

" The data are accessible to any authorised personnel via a secured internet access. In particular the analysis missions can 
be done by an authorised consultant from his own office. 

" The new SmartFacet functionality ascribes a range of properties to the facet representation of structural elements. A 
special layer is added to give information to users such as: material, function, structural behaviour and environmental 
condition. 

" New features in ScanPrint management allows decision-makers to optimise their budget with their policy targets, using 
global parameters such as safety, life cycle cost, environment… 

 
 
REFERENCES 
 
     Because of its universality, ScanPrint® can be implemented with the same efficiency for the maintenance of very large 
structures requiring a high degree of technicality or for the management of a stock of infrastructure composed of disparate 
and smaller structures. 

     ScanPrint® software has been used from its earliest days on the Vasco de Gama Bridge 
(Portugal). The central stay cable bridge and the access viaducts are inspected (19,5 km in total). 
It includes: structural parts (piers, segments, decks…), equipment (bearings, stay cables, 
prestressing systems, dampers, expansion joints) and surface equipment (lights, crash barriers, 
roadways, tollgates, guardrails). Inspection specialists are using ScanPrint® every day on the 
bridge for the structural parts and the equipments, while the concessionaire’s personnel is using 
ScanPrint® to monitor the surface equipment. The quality of the collected data allows the 
concessionaire to achieve a pro-active maintenance and optimise the maintenance costs. Thus, 
the bridge will be returned at the end of the concession period to the Portuguese government with 
a full knowledge of its condition. 
     In the same kind of application, ScanPrint® is used for the survey of the stay cable of the 
Normandy Bridge (France) 

In addition, specialized inspection firms have been using ScanPrint® to assess various small structures (highway bridges, 
quay walls, buildings, water reservoirs, bearings…). 

Fig.10: all the observed defects can be classified and compared on the same graph through weighting of
parameters and valuation of their urgency, environmental consequences, risk and forthcoming costs. By
choosing to fix the defect or not, the user can simulate the cost of various repair strategies. 
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