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Abstract 

Planning, maintaining and optimizing the resources in the field of infrastructural networks management entails complex decision management 
to be effective. The involved activities generally include compiling an inventory, carrying out monitoring and maintenance activities, and 
executing interventions to upgrade the safety levels to the increasing demands. From a structural and financial point of view, preventive 
monitoring help optimizing the asset maintenance. However, a major concern in this field is that the structural performance is usually described 
by visual inspection-based structure condition states only.  
To adequately consider the actual structure safety level and the eventual progressive deterioration of the bridge or viaduct performance, the use 
of structural health monitoring systems is of paramount importance. In this framework, the Italian Ministry of Infrastructures has launched a 
large-scale plan, funded by the National Recovery and Resilience Plan, for implementing a dynamic monitoring system for the remote control of 
bridges, viaducts and tunnels of the main road system in Italy. This plan foresees the creation of an integrated inventory and risk management 
platform for 12.000 bridges/viaducts, the SHM equipment of 6.500 structures, and the information modelling of some of them. This paper, after 
introducing the main features of the national plan, reports and discusses some activities related to SHM of bridges and creation of a dedicated 
control room that Autostrada Brescia-Verona-Vicenza-Padova S.p.A., one of the leading motorway concessionaries in Italy and part of the Abertis 
Group, is carrying out. 
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1. Introduction 

The existing road network allowed the economic and social growth of the Italian territory. Today, the lack, even if temporary, 
of a communication route between metropolitan agglomerations poses a serious threat for two reasons: the safety of those utilizing 
the infrastructure, and the continuity of services necessary to maintain a working socioeconomic network (Saler et al., 2023). 
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Structures like bridges, viaducts, and tunnels are the weakest points of an infrastructural network, since issues with a single overpass 
might potentially endanger tens of kilometers of travel (Ferrari and Santagata, 2023). 

If we consider that, during the construction of the national road and highway networks, the morphology of the Italian territory 
led to the construction of many bridges, viaducts, and tunnels, it is clear that the national infrastructural network is very vulnerable. 
In addition, the construction of these infrastructures took place mostly before the 1980s, so they turn out to be dated structures. 
Many of them have exceeded their service life and are subject to various phenomena of degradation, they would require routine 
maintenance and accurate assessment (Petti et al., 2023). Indeed, the high vulnerability of the infrastructural assets has been 
highlighted by recent failures, that raised the attention not only of the technical world, but also of a wider general public, to the 
necessity of assessing the bridge safety, improving it, and developing appropriate management protocols (Natali et al., 2023). 

One of the problems that led to poor maintenance and inspections over time is related to the standard that highway managers 
were required to implement, Circular of the Ministry of Public Works of 19 July 1967 No. 736/61/AI (Ministero dei Lavori Pubblici, 
1967). That standard used a prescriptive approach, in which the frequency of ordinary and extraordinary inspections was defined 
regardless of the state of preservation of the infrastructure. 

That standard was in force until it was replaced by the current “Guidelines for risk classification and management, safety 
assessment and monitoring of existing bridges”, published in 2020 (Ministero delle Infrastrutture e dei Trasporti, 2020). With the 
introduction of these guidelines, the frequency of inspection is defined based on the risk associated with the bridge: the higher is 
the risk associated with the bridge, the more frequently the visual inspections should be done. For those infrastructures characterized 
by High or Medium-High risk, the Guidelines prescribe to carry out a detailed safety assessment, and require to install monitoring 
systems, to understand the behavior of the bridge in operating conditions and check the health of bridges on an ongoing basis over 
time.  

To enable the massive installation of these systems by the owners or managers of the infrastructural networks, and carry out 
structural inspections of existing bridges, the Italian government has allocated funds within the NRRP (National Recovery and 
Resilience Plan). The National Recovery and Resilience Plan is the instrument used by the Italian Government to handle the funds 
of the Next Generation Eu, which is the recovery plan launched by the European Community to allow the recovery of the European 
countries after the Covid-19 pandemic. The total amount that Italy can manage through the NRRP funds, approved in 2021, amounts 
to 222.1 billion euros that will be invested in six different areas including the sustainability of mobility infrastructure (Palmentieri, 
2023). Some of these funds were allocated to the main infrastructural management bodies all over Italy, to cover the main sections 
of the national roadways and highways, to deal with the needs of bridges and viaducts in their respective road or highway sections. 

In this framework, the A4 - Autostrada Brescia-Verona-Vicenza-Padova S.p.A. company is a highway branch established in 
1952 with the purpose of connecting two existing highways, the Milan-Brescia and the Padua-Venice ones. The A4 group has a 
strategic importance, as it connects Lombardy and Veneto and, together with other companies managing other sections of the A4 
highway, it enables to link the northeastern and northwestern part of the peninsula. In 1970 the highway network was extended by 
the creation of a new highway section called A31 Valdastico. The total amount of highway under concession is 235.6 km long and 
has more than 600 infrastructures including bridges, viaducts, and tunnels. These highway sections intersect also with the A21 
Brescia - Piacenza, the A22 Brennero - Modena, and the A13 Padova – Bologna. The company has been recipient of part of the 
above-mentioned NRRP funds dedicated to the safety of bridges. This paper thus gives a general overview of the activities carried 
out by the A4 group, with the final aim of improving the knowledge, understanding the safety conditions and setting-up a continuous 
control of the state of health of the managed infrastructures. 

2. The risk classification of existing bridges and its application through the NRRP 

2.1. Italian Guidelines for risk classification and management of existing bridges 

To achieve the digitization of the infrastructural heritage and, most importantly, to obtain a classification of the collapse risk, 
due to structural, seismic, and hydrogeological factors associated with each bridge on the Italian territory, the Ministry of 
Infrastructure and Transport has published the “Guidelines for risk classification and management, safety assessment and 
monitoring of existing bridges” (Ministero delle Infrastrutture e dei Trasporti, 2020).  

The method used by the Guidelines is based on a progressive analysis and a multilevel approach that starts from Level 0, where 
the bridges are surveyed, to Level 5, where the evaluations are done at the road network level. The central part of the Guidelines 
method is Level 2, which conveys the information obtained by the survey activities carried out at Level 0, and the visual inspections 
made at Level 1, into the definition of the Class of Attention (CoA) of the bridge. The Class of Attention, in particular, is associated 
with the structural–foundation, seismic, flooding, and landslide risks. Every risk is defined by a combination of hazard, 
vulnerability, and exposure classes associated to each bridge. The designated CoA is the primary decision-making factor for the 
next steps, i.e., additional actions that need to be taken are based on the achieved CoA. 

Indeed, when the Class of Attention of the bridge is Low or Medium-Low, inspection activities only are necessary to assess the 
state of health of the structure. When the CoA is Medium or Medium-High, preliminary assessment (Level 3) must be done, and 
in case that the preliminary verifications are not fulfilled, it is necessary to continue with accurate safety evaluations (Level 4), 
according to the current Italian code, namely the Ministerial Decree of 17 January 2018 “Technical Standards for Construction” 
(Ministero delle Infrastrutture e dei Trasporti, 2018). At that level, on-site surveys must also be performed. When the CoA is High, 



 Author name / Structural Integrity Procedia 00 (2019) 000–000  3 

detailed evaluations must be directly carried out. In addition, in case that the CoA is High or Medium-High, a continuous monitoring 
system should be installed (Ministero delle Infrastrutture e dei Trasporti, 2020; Santarsiero et al., 2023). The guidelines thus take 
into account, for the correct assessment of the bridge behavior and the evaluation of the degradation phenomena, even the 
installation of Structural Health Monitoring systems (SHM) (Miano et al., 2023).  

2.2. The Italian National Recovery and Resilience Plan and the safety of existing infrastructures 

The NRRP is an instrument, definitively approved by parliament on April 27, 2021, that Italy is implementing to achieve a 
robust economic recovery after the Covid-19 pandemic, under the banner of ecological transition, digitalization, competitiveness, 
training, and social, territorial, and gender inclusion. The funds on which the NRRP is based are defined on European support 
packages included within the European Next Generation EU (NGEU) program, which divides funding over both the short and long-
term (Italian Government, 2021). 

To diversify investments and enable distributed recovery in different areas, the National Recovery and Resilience Plan divides 
the investments into six different missions: 1. Digitization, innovation, competitiveness, culture, and tourism, 2. Green revolution 
and ecological transition, 3. Infrastructure for sustainable mobility, 4. Education and research, 5. Inclusion and cohesion, 6. Health. 
From the total 222.1 billion euros provided in the NRRP, those devolved to the infrastructure and transport system are part of the 
second mission "infrastructure for sustainable mobility" amounting to 25.4 billion (about 13.3 percent). These funds are devolved 
both to encourage rail travel and to make the existing infrastructure system more modern, digital, and sustainable (Cerniglia and 
Saraceno, 2022). 

Within mission 3, the Ministry of infrastructures has allocated about 0,5 billion euros to fund programs aimed at the 
implementation of a dynamic monitoring system for the remote control of bridges, viaducts and tunnels of the primary national 
roadways (about 60% of the resources) and highways (about 40%), aimed at the improvement of their safety. The programs must 
foresee the creation of an integrated inventory and risk management platform for 12.000 bridges/viaducts, and the SHM equipment 
of 6.500 structures, among the above-inspected 12.000. The SHM equipment entails not only the arrangement and realization of 
dynamic monitoring systems, but also the structured safety management by means of an iterative process including network 
analysis, surveys, digital system management, priority classification, and carrying out of interventions. Lastly, the programs must 
also envisage the information modelling (BIM) for 200 bridges, among the above-mentioned (Ministry of Infrastructure and 
Sustainable Mobility, 2022). 

The Autostrada Brescia-Verona-Vicenza-Padova company used these funds for the implementation of the different levels of 
verification proposed by the Guidelines and for the installation of SHM systems on their bridges. The total funds allocated to the 
A4 group were divided into three calls for tender, respecting the timing provided by ministerial funds. Each call for tender was 
divided into lots consisting of a variable number of bridges, to subdivide the work into various contractors. The overall structures 
involved in the program are 45 bridges, distributed along the A4 and A31 highways. The activities and bridges were broken down 
into the three tenders as follow: 
 The first tender included visual inspections, definition of the Classes of Attention (up to Level 2 according to the Italian 

Guidelines), and installation of SHM systems for 20 bridges. 
 The second tender involved the safety assessment and the realization of an extensive investigation campaign for 23 bridges 

(Level 4 of the Italian Guidelines). 
 The third tender included the design and the installation of two monitoring systems on two special bridges.  
In addition, A4 group issued another call for tender, dedicated to research institutions, that was won by two Universities, to provide 
an additional system for monitoring and evaluating the activities of the contractors, and support the group in the validation of all 
the activities. This paper gives an overall overview of the main activities carried out on a stock of 22 bridges, whose locations are 
shown in Fig. 1. 
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Fig. 1. Highway sections managed by Brescia-Verona-Vicenza-Padova S.p.A. 

3. Characteristics of the bridges 

The bridges managed by the A4 group are made with different types of structural schemes, materials, and construction 
techniques. Most of the bridges are single or double-span structures made in precast concrete before the 1980s. Conversely, the 
bridges of the A31 highway, being this highway more recent, were built up to the first years of the 2000s, and were realized mostly 
in precast concrete or with mixed (steel and concrete) structure. The bridges to be investigated within the program were chosen by 
the A4 group to study the main structural types of bridges on the relevant highway sections, to obtain representative data for the 
entire stock of managed bridges. 
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Fig. 2. Comparison between structural characteristics of A4BSPD and CSLLPP stocks 

The stock of bridges selected by the A4 group for the program, although relatively small, can be considered rather representative 
of the current Italian infrastructural stock. Comparing the stock of bridges inserted in the NRRP plan by the Autostrada Brescia-
Verona-Vicenza-Padova S.p.A. (A4BSPD) with a stock of 405 bridges, analyzed within the framework of another research project 
established between the Superior Council of Public Works (CSLLPP) and ReLUIS and called "Application of the Italian Guidelines 
to Experimental Infrastructural Sections", it is possible to identify some similarities. Indeed, the CSLLPP-ReLUIS project also 
deals with the primary national roadway and highway systems, but it extends to the entire national territory. Fig. 2. compares the 
two stocks, under the point of view of the main structural, geometrical and dimensional characteristics. 

The comparison between the structural typology of the two stocks makes reference to the classification presented in the Italian 
Guidelines (Level 0), that actually merges considerations about the structural typology and the static scheme. The A4BSPD and 
CSLLPP stocks are characterized by, respectively, 38% and 32% of simply supported beams and by, respectively, 38% and 17% 
of continuous beams. In the A4BSPD stock, the continuous beams are made of post-tensioned cables or steel beams and, 
considering in the CSLLPP stock not only the static scheme “continuous beam” (17%), but also the structural typology including 
“post-tensioned beams” (19%), very likely also in this case there are very similar shares of these bridge types in the two stocks. 
Being the A31 a rather recent highway section, 15% of the A4BSPD bridges in the program are made of orthotropic steel plate. In 
both bridge stocks, half joints beams are present with a percentage smaller than 10%, but still substantial, considering the critical 
behaviour of such structural typology.  

The span lengths of the two stocks are mostly included in the range 20 – 50 m (76% for the A4BSPD and 51% for the CSLLPP 
stock). In the case of the A4BSPD bridges in the program, there is a high percentage of multi-span bridges, in particular 4 to 6 
spans (33%), whereas in the case of the CSLLPP stock, the highest amount of bridges are single (33%) or two-three span (29%) 
bridges. However, in these cases the most important differences between the two stocks are due not only to the small number of 
bridges of the A4BSPD stock, but also because the highway managing company, having NRRP funds to be used for a limited 
number of bridges, has selected some infrastructures of great relevance, and therefore with longer spans and with higher number 
of spans than those of the CSLLPP stock, that have been simply selected for representativeness purpose within the guidelines test 
phase. 

4. Activities within the NRRP funding 

At the actual program start, the A4 group must have defined a preliminary study of the bridges to investigate and understand 
the actual conservation state of the infrastructures and their critical aspects. Hence, before proceeding with the subsequent phases, 
the activities that required timely execution, such as geometric surveys and visual inspections, had been already carried out. On 
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these bases, the company already had a certain knowledge of the structures, to be able to proceed with the subsequent on-site 
investigation, verification and SHM system design phases. 

4.1. Visual inspections and on-site tests 

The activities to increase the knowledge level of the bridges started with visual inspections, and then prosecuted with the 
implementation of on-site tests, that finally yielded to the implementation of safety verifications (Level 4 of the Italian Guidelines) 
and the installation of SHM systems.  

The visual inspections and the definition of the Classes of Attention according to Level 2 of the Guidelines was developed for 
10 bridges. On those bridges, the overall number of on-site tests carried out was 1517, subdivided into destructive tests, non-
destructive tests, and geological investigation. The types and the numbers of tests conducted for the stock of bridges analyzed is 
shown in Fig. 3. 

In agreement with DM 17/01/2018 (Ministero delle Infrastrutture e dei Trasporti, 2018), the investigations were developed to 
better understand the main construction details of the upper- and under-structure of the bridge, their mutual connections, and to 
better define the characteristics of the materials used for the construction of the infrastructure. 
 

 

Fig. 3. On-site tests applied to the bridges 

The number of destructive tests, such as the compression tests of concrete and the tensile tests of steel, is higher than that of 
non-destructive tests, as they are considered more reliable, but to understand the dispersion and the variability of the material 
characteristics, it is necessary to carry out combined destructive and non-destructive tests. The preliminary design phase of the 
investigation campaigns thus took into account issues such as the strict compliance to the code requirements (Ministero delle 
Infrastrutture e dei Trasporti, 2018), but also the reasonable reduction of tests that can be done on the basis of previous values 
derived from the static acceptance tests during construction, the repetitiveness of some bridge portions and elements, and the 
possible expansion of non-destructive tests.  

A significant importance in the safety assessment of precast bridges and the design of the relevant SHM system is necessarily 
the identification of the correct arrangement of prestressing reinforcement within the deck/beams; georadar (GPR) was used to 
obtain this information. GPR is a device that records signals reflected by electromagnetic waves emitted by the material, to 
determine where the material discontinuities are and therefore the position of prestressing cables embedded in the concrete beams 
(Sławski et al., 2016). Lastly, MASW tests were performed for the definition of the ground stratigraphy. In this test, the surface 
wave velocities in stratified soil thicknesses are measured. These velocities allows defining the initial shear modulus at small 
deformations (Ofrikhter and Antipov, 2023).  

4.2. Structural Health Monitoring systems 

Once the results of the survey campaign were obtained, the highway management companies had the possibility to perform 
structural analysis and the safety assessment of the bridges (Level 4 of the Italian Guidelines). In parallel, they designed and realized 
a massive installation of SHM systems on the bridges. Within the stock analysed by the University of Padova, 12 bridges were 
instrumented with sensors for structural monitoring. These bridges are characterized by four structural types: 5 simple supported 
beams, 5 continuous beams, 2 orthotropic slab bridges and 1 half-joints beams, consistently with the overall percentage of structural 
types in the stock. Fig. 4. shows four bridges, where SHM systems have been installed, representative of the four identified structural 
types. 
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The amount allocated by the contracting authority for the design and installation of the monitoring systems as the basis for the 
tenders are approximately €4.134.220. This amount has enabled the installation of 22 systems. The 12 systems analysed by the 
University of Padova are composed by 854 sensors and 27,068 meters of cable within the selected infrastructures. The SHM systems 
were based on executive projects compliant with the Italian Guidelines for bridge assessment (Ministero delle Infrastrutture e dei 
Trasporti, 2020; Santarsiero et al., 2023) and the Guidelines for Structural Health Monitoring published by UNI in 2016 (Italian 
Standardization Body, 2016).  

 

 

Fig. 4. Structural typology of the monitored bridges: a) continuous beams, b) half-joints beam, c) simple supported beam, d) orthotropic slab bridge 

 

Fig. 5. SHM sensors applied in the bridges 

Fig. 5. shows that accelerometers and inclinometers are the most used sensors. The accelerometers are used to understand the 
dynamic properties of the bridges, like frequencies, mode shapes, and modal damping, etc., and observe their variation during the 
period of observation. The inclinometers allow measuring the variation of the static deformation, particularly due to the loss of 
prestressing, in the case of beam installation, and to the development of scour, in case of pier installation. Displacement transducers 
and strain gauges were installed with the aim of identifying local concentrations of deformation and identifying the behaviour of 
the supports and of the joints in ordinary conditions. In every structure, a weather station to measure daily and seasonal cycles of 
temperature and humidity was installed. In general, the types of sensors used was defined on the basis of the general problems of 
bridge structures, and of the specific problems of the particular structural type. 

4.3. Implementation of a remote-control room 

After the implementation of the SHM systems, the A4 group has created a control room to receive SHM data from each 
contractor (current and future), to store them, and to control each significant event read by the installed sensors. To achieve this 
final goal, each SHM system must send different types of messages to the control room at a given interval period. Those messages 
are related to both the development of degradation phenomena on the bridge, and the condition check that each sensor produces 
during its operation. 

The control room must be flexible and robust, to give each company that will win future tenders and each SHM systems that 
will be installed in the future the opportunity to define independently the sampling frequency, the time interval between two 
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consecutive registrations, and the definition of the thresholds to identify the development of degradation phenomena in the 
structure, and send the relevant alerts. Another important feature of the control room is its possibility to be expanded, to meet the 
ever-increasing demand for implementation of SHM systems. Consequently, the main challenge of the control room is to 
homogenize all the messages deriving from different SHM systems. 

To do this, a data flow based on different types of Jason files is being defined: 
 Data messages, that contain data registered by every single sensor of the system in its relative sampling period; 
 State messages, that are sent to the control room with a predefined time interval to check the operating status of the system 

and of every sensor;  
 Alarm messages, used to report one or more anomalies derived from data processing to the managing company. 

5. Conclusions 

The Italian National Recovery and Resilience Plan allowed the highway managing companies to take advantage of the funds to 
improve the knowledge and the safety of their infrastructures. In general, this funding opportunity also created the chance to 
systematically apply various levels of the recently issued Guidelines for risk classification and management, safety assessment and 
monitoring of existing bridges. 

Autostrada Brescia-Verona-Vicenza-Padova S.p.A. is one of the leading motorway concessionaries in Italy and part of the 
Abertis Group. They used the NRRP funds to evaluate their managed bridges. To this aim, they implemented a system of visual 
inspections and on-site tests to characterize the structure and gather the required knowledge to continue with the other assessment 
levels provided by the guidelines. Through the assessment of the structural safety, they are able to verify the bridges against service 
conditions, such as those related to the actual traffic, and against exceptional actions such as those related to earthquakes, and, 
when necessary, they can intervene to improve both static and seismic behaviour of the structure. The installation of a certain 
number of SHM systems provides a tool for continuous control of the characteristics of the bridges, and gives the managing 
companies a tool to be informed in real time in case that the thresholds are violated. The control room provides a means to jointly 
monitor all the bridges on which the SHM systems are currently installed, and through its possibility of expansion allows increasing 
the number of monitored bridges and progressively acquire more extensive knowledge of the infrastructure assets they manage. 

Considering the significance, also in statistical terms, of the stock of bridges on which they are applying this procedure, the 
outcomes of the A4 group activities will be also extremely useful as a benchmark for other infrastructural network activities. 
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