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ABSTRACT 

Long-span bridges require specific construction techniques and a constantly renewed design, 
either due to the evolution of materials, techniques and knowledge, or due to a variable geometry 
and/or typology that calls for design adaptations.  

These exceptional structures generally fall outside the existing regulations and classic 
frameworks for monitoring and maintenance, whatever the country. In that sense, they require, 
from the moment they are commissioned, a particular expertise and approach for their continuous 
monitoring, calling in particular for the production of risk analysis matrices, sensitivity analyses 
(wind, earthquake, assembly fatigue, etc.), exhaustive maintenance manuals adapted to each 
structure, regular campaigns of targeted non-destructive tests, while having recourse to particular 
means of access associated with different types of inspection carried out by qualified and 
experienced inspectors.  

In order to ensure that these structures behave well over time, they are generally monitored, 
which requires individualized use of the data acquired by the SHMS, whose program can be 
adapted a posteriori after a period of learning about the actual functioning of the structure.  

To complete this monitoring, it is necessary to implement a specific follow-up of the 
durability of materials and more specifically of reinforced concrete, to carry out updated digital 
twins associated with adapted management software.  

All this specific approach is necessary to have a clear and exhaustive vision of the condition 
of these structures and the follow-up of their good ageing over time, which sometimes differs 
significantly from what is foreseen at the time of the design; the objective being in particular to 
ensure the safety of the operation and the users and to engage the maintenance works at the right 
time and at the least cost, for a durability which must exceed 120 years for these exceptional and 
unique structures.  

Through emblematic examples, we propose to present these specific approaches 
implemented on large structures, whether pathological or not, and the proposed management 
strategies. 
Keywords: Inspection, Monitoring, organized monitoring, digital twin, preventive and predictive 
maintenance.  

1 INTRODUCTION 

Beyond the complexity of their design, whatever the site to be crossed and the quality of their 
realization, exceptional or long span structures and long-span bridges, due to their level of investment, 
their scale and their technical complexity, require a particular and specific monitoring in order to 
ensure their optimal aging over time. 

As for any type of structure, an Initial Detailed Inspection (IDI) - a true basis state of the 
structure - is essential to constitute a reliable reference base of the structure, which can always be 
referred to over time. This IDI must also be completed by the creation of a specific maintenance 
manual adapted to the structure, which identifies the construction methods of the structure, the 
specifications, the management and the methods of replacement of the various wearing parts, the 
actors of the monitoring and maintenance, the periodicity and, in a general way, the whole 
maintenance strategy of the structure. Whether implemented and used at the time of construction or 
for the sole purpose of surveying, these exceptional or long span structures require the 
implementation of an ad hoc monitoring system, allowing to follow their good behavior over time, 
while constituting a real image of the structure's behavior allowing to calibrate calculation models in 
case of later studies and analyses. 

Throughout its life, the structure must be subject to a monitoring cycle with various levels of 
controls according to a predefined periodicity, but which can be modified in case of evolution of its 
state. Specific means must be implemented according to the parts of the structure to be monitored, 
and specific investigation methods must be used to better characterize the behavior of an element in 
relation to the envisioned theory. 

Depending on the importance of the structure, it may be necessary to build a digital twin that 
will facilitate, over the years, its monitoring and maintenance, as well as its safe operation.

These different phases, summarized in Figure 1, are described in more detail in the following
chapters.

Figure 1: Synthetic diagram of the organized monitoring feeding the digital twin

2 INITIAL DETAILED INSPECTION 

The purpose of the initial detailed inspection is to define the reference condition of a structure 
to which all subsequent visits and inspections must refer, to rule on the appearance and evolution of 
defects.  


