This document was downloaded on 31st March 2025. For private use only.

© féderation internationale du béton (fib).
This document may not be copied or distributed without prior permission from fib.

A new approach to improve safe exceptional transpor-
tation: a Proof of Concept in the framework of NRRP

Alessia Abbozzo, Giulio Zani and Marco di Prisco

Dept. of Civil and Environmental Engineering,
Politecnico di Milano,
P.za L. da Vinci, Milan (32 — 20133), Italy

Summary

Northeastern region of Italy is crossed by more than 54,000 annual exceptional transports. The secure
transportation of these loads faces challenges due to road infrastructure constraints. Nowadays the
movement of exceptional vehicles requires mandatory special permits granted by numerous road au-
thorities, before embarking on a journey. This paper describes a transport corridor connecting the Swiss
border with Maghera harbour passing through Milano analysed as a Proof of Concept (POC) in the
framework of NRRP, providing a preliminary analysis of all the bridges identified along the path. The
collected data encompass the parameters necessary for completing Level 0 criteria outlined in the Italian
Guidelines for risk classification and bridge management, including security assessment and monitor-
ing. Finally, 10 bridges are selected with the aim of developing experimental and simplified methodol-
ogy for evaluating safety coefficients, focusing on the safe passage of Heavy Good Vehicles (HGVSs).

1 INTRODUCTION

The Italian infrastructure system, primarily constructed after the Second World War, now com-
prises works of art that are over fifty years old and therefore requires particular attention [1], especially
since most of these infrastructures were designed to support lighter loads than those they currently bear.

As evidenced by the Italian association of Highway and Tunnel Concessionaries (AISCAT) [2]
research from 1990 to 2018, traffic within Italian infrastructures has undergone rapid and steady
growth, without any adjustment to accommodate the increased load. Specifically, on highways, the
class of heavy vehicles has seen an overall traffic growth in millions of vehicles per km of 16.55%,
increasing from 17,256.6 to 20,112.5.

More evidence of this growth is given by the Italian Ministry of Infrastructure and Transport (MIT)
[3]. which periodically disseminates analyses of passenger and freight mobility trends, drawing upon
data sourced from Italian road managers as ANAS S.p.A. [4] and Autostrade per I'Italia (ASPI) [5].
With regard to the most recent data publication, specifically pertaining to the fourth quarter of 2023,
the augmentation in heavy vehicle traffic has escalated respectively by +1% (on ANAS S.p.A. routes)
and +7% (on highways). in confrast to the figures recorded in the fourth quarter of 2019. This datum
assumes paramount significance, as within Italy, subsequent to a pronounced downturn in road trans-
portation precipitated by the SARS-COV?2 pandemic during the years 2020 and 2021, the upward tra-
jectory in heavy vehicle usage on roadways, observed between the years from 1990 to 2019, has wit-
nessed a further amplification. Among these data it is demonstrated by transporters that, in the Northeast
of Ttaly between 27,000 and 54,000 exceptional transports per year are recorded considering only the
steel sector.

Despite the evident increase in traffic from the 1990s to the present day, research made by the US
Federal Highway Administration (FHWA) on a dataset of 600.000 bridges in the period 1980-2012 has
demonstrated that on a total of 1062 collapses only the 13% was correlated to overload [6]: in the last
twenty years in Italy, the only case could be considered the Annone overpass [7]. Considering the case
of this bridge, nevertheless, it emerges that, despite the collapse occurring during the passage of an
HGYV, the reasons for the collapse lie in a design not suitable for HGVs and maintenance issues leading
to corrosion of the dapped end of the collapsed beam. However, the emotional wave moved by the
media after the collapses of Annone and Morandi bridges, has led to the drafting of The Guidelines for
the classification and management of risk, safety assessment, and monitoring of existing bridges [8].
This standard presents an advanced and innovative workflow (Fig. 1) and, at times, overly cautious in
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regard to the passage of heavy vehicles, which topic is also detailed in the Italian Guidelines for
transport in exceptional conditions [9]. By the way, its adoption, due to the reduced amount of data
available for many bridges, will encourage the bridge managers to stop the passage of HGV along many
strategic bridges and this decision could compromise the whole HGV transportation in Italy. So far, the
bridge managers have asked to their checkers to compare the actions generated by the HGV transit on
the bridge with that requested by the mandatory rules in force at the time of the bridge construction,
and the verification has been considered positive if the comparison evaluated in terms of bending and
shear actions complies with those provided by the legislation in force at that time. Moreover, in some
cases, a damage coefficient due to aging of the infrastructure was empirically evaluated, but this value
ranges around a value close to 1.15.

In light of the foregoing, considering the multitude of causes leading to the collapse of an infra-
structure, it was considered a promising idea to use HGV's as testers to evaluate the vulnerability evo-
lution in the time of the generic critical bridge made of different materials and designed according to
different static set-ups, by verifying the effects of the transit of a Heavy Good Vehicle on it, thus eval-
uating the evolution of its different states of degradation. This information could allow the manager to
operate a careful maintenance plan and select a responsible prioritization of the available resources. To
accomplish this within the framework of the National Recovery and Resilience Plan (NRRP), a Proof
of Concept (POC) has been developed for a road corridor that promotes the safe passage of HGVs on
bridges.
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Fig. 1 Multilevel approach adopted for the study of bridges and the relationships between the lev-
els of analysis developed in the "Guidelines for the classification and management of risk,
safety assessment, and monitoring of existing bridges."

2 SMART SOLUTION: TRASPORTATION CORRIDOR IDENTIFICATION

In this paper, a smart solution to evaluate the safety of bridges crossed by heavy vehicles is proposed.
This solution involves a preliminary phase which consists in the identification of the freight transport
corridor, shown in Fig. 2, commonly used by transportation companies to transport exceptional loads
such as precast elements with mass and size exceeding conventional transportation, steel coils weighing
up to 108 t, Heavy Good vehicles (HGVs) with mass up to about 300 t and HGVs with a clearance
exceeding 4.8 m. A route between the Swiss Border and the Marghera Harbour has been established.
where the transportation companies frequently need to get particular licence or/and perform field tests
during the passage to achieve the permission to transit through the corridor.

The main objective is to carefully analyse the corridor and select 10 case studies that will be mon-
itored, following the Italian Guidelines for Structural Monitoring [10], with advanced Structural Health
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Monitoring (SHM) systems and helping the development of a new simplified methodology for evalu-
ating current safety coefficients. For the precise determination of safety coefficients and for the stream-
lining of bureaucratic procedures to obtain authorization for the transit, it is imperative to have
knowledge not only of the bridge detailed characteristics, but also the speed and the individual axle
weight of the exceptional vehicle and its position on the bridge deck. To achieve this result, highly
accurate GPS units will be mounted on HGVs furnishing their location data in relation to the critical
bridges selected.

Venice

Fig. 2 Transport corridor analysed as a POC of NRRP: five alternative routes to the main one (A1,
A2 A3, A4, A5) and the 10 case studies (A-L) selected.

21 Identification of the corridor infrastructures

The initial task involved identifying all the bridges along the corridor, amounting to a total of 258,
which are located in Lombardy and Veneto regions along the path selected. As shown in Figure 3,
64.3% of the identified infrastructures are registered in a suitable platform, the Computerized Archive
of Public Works (Archivio Informatico delle Opere Pubbliche - ATNOP), which is the digital archive
system designed to manage and store information related to public infrastructure projects in Italy. Es-
sentially AINOP serves as a cenfralized database for storing data, documents, and records pertaining to
various stages of public works projects, including planning, design, construction and maintenance. The
platform aims to streamline project management processes, improve transparency, and facilitate access
to information for stakeholders involved in public infrastructure development. Thus, as shown in Figure
3 the percentage of the corridor infrastructures registered in AINOP (Fig. 3) shows that a large number
of bridges is still not included in the public infrastructure database and a comprehensive overview of
the variety of the bridge managers identified along the path shows the prevalence of ANAS S.p.A.

Secondly, it became necessary to conduct a swift yet comprehensive inspection to enhance the
knowledge of the numerous infrastructures along the corridor. At the end of the survey, it became clear
that all the acquired information had to be systematically catalogued. Therefore, a comprehensive da-
tabase, inspired by the Level 0 classification recommended in the Ifalian Guidelines for risk classifica-
fion and bridge management, including security assessment and moniforing, was established and pop-
ulated with crucial information such as: location information about the dominant materials, road clas-
sification and identification of the interferences, presence of seismic, flood and landslide hazards, struc-
tural type and geometrical characteristics, details about road and traffic network, availability of techni-
cal documents.
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Fig. 3 Infrastructures whether or not registered in AINOP (left) and different bridge managers
within the corridor (right).

2.2  Critical analysis of the data collected

The data collected and carefully analysed in this paragraph are summarized in a spreadsheet to allow
their organization and interpretation; furthermore, the main data are also implemented in a Geographic
Information System (GIS) software, to create also a graphic database of all the infrastructures among
the corridor.

2.2.1 Localization

The corridor depicted in the image traverses two Ifalian regions, Lombardy and Veneto. Consequently,
the Provinces considered are 10 in Lombardy (Brescia, Como, Cremona, Lecco, Lodi, Mantova, Mi-
lano, Monza and Brianza, Pavia and Sondrio) and 3 in Veneto (Padova, Venezia, Rovigo) and the mu-
nicipalities under consideration in this research are 114.

2.2.2 Road typology and identification of interferences

The corridor consists of various types of roads, ranging from small secondary streets within cities to
state highways and bypasses. As depicted in the graph, most of the corridor's infrastructure is situated
on State Roads (SS), followed by Provincial Roads. The prevalence of the former over the latter is due
to the corridor section linking the city of Sesto San Giovanni with the Swiss border (161 km out of a
total of 602 km), where only state roads (SS36 and SS38) are present. Conversely, the section connect-
ing Milan and Marghera primarily passes through Provincial Roads (SP) and small rural roads, with
brief stretches allowing passage on Bypass Roads.

The exclusion of highway sections in the corridor is due to the prohibition of oversized vehicles on
highways. Therefore, even during the identification of alternative routes to the main corridor, it was not
possible to include highways. Considering the alternative routes, shown in green in Figure 2, it should
be noted that the number of bridges involved in the project increases from 258 to 297. However, in this
paper, only the results of the main corridor are presented.

Another significant parameter that has been collected pertains to the crossings of infrastructures. In
fact, out of 258 bridges, 90 have road crossings (34.9%), 119 have river crossings (46.1%), 11 have
railway crossings (4.3%), and the remaining ones exhibit mixed crossings, namely road and river cross-
ings (5.8%), river and railway crossings (0.4%), railway and road crossings (4.3%) or river, railway
and road crossings (1.2%). In regard to bridges with river crossings, it is necessary to specity that only
few of these cross rivers with significant flow such as: Adda, Adige, Brenta, Canalbianco, Lambro,
Mella, Mincio, Oglio. The others mainly cross small streams. Finally, it has to be highlighted that in
the route beside the lake of Como, there are bridges without crossings, which were built to overcome
orographic discontinuities.

2.2.3 Presence of seismic, flood and landslide events

In order to provide a multi-risk analysis of the bridges selected the potential presence of seismic, flood
and landslide events was investigated. Since the corridor is contained in seismic zones with an acceler-
ation with a 10% probability of exceeding in 50 years (ag) between 0.05 g and 0.15 g (Seismic Zone 3)
and smaller than 0.05 g (Seismic Zone 4), the bridges are not exposed to high levels of seismic hazard.
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However, it is possible to consider the infrastructures from Lecco to Tirano exposed to the probability
of recurrence of medium to high hazard of flood, slow-landslide and debris impact events.

2.2.4 Information about the material design

The 258 identified bridges provide a diverse sample of construction materials. It is noted that despite
reinforced and/or prefabricated concrete and steel being the predominant materials used, there are also
bridges made of masonry or mixed masonry and concrete. By cross-referencing the results of location,
road type, and materials surveyed, it becomes apparent that masonry structures are predominantly found
in rural areas bordering Emilia Romagna, particularly along small secondary roads.

2.2.5 Structural type and geometrical characteristics

The corridor also includes heterogeneous samples of structural types: concrete arches, masonry arches,
steel caissons, concrete slabs, simply supported beams, continuous beams, and Gerber beams. However,
it has to be taken in account that 35% of the infrastructures along the route have not been subject to
inspection and are not visible on maps.

With regards to the geometric characteristics of the 258 infrastructures, it was necessary to supple-
ment the measurements taken during the site inspection with those obtained through Google Maps or
by retrieving data from individual infrastructures. Based on this data, it is possible to provide a general
overview, stating that the total length of the infrastructures ranges from 6 m (the minimum span allowed
by the guidelines to consider a bridge as such) to around 600 m. This translates to a minimum number
of 1 span to a maximum number of 13 spans. These results also speak of a sample of infrastructures
with diverse characteristics, which will allow for the identification of case studies with very different
features.

2.2.6 Details about road and traffic network

In accordance with the data collection required to complete Level 0 of the Italian guidelines, extensive
data on average daily traffic (ADT) and the road network have been gathered. Regarding ADT, only
data pertaining to light and heavy good vehicle traffic on roads managed by ANAS S.p.A. are available,
as outlined in Fig. 4.
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Fig. 4 ADT of light and heavy vehicles in different roads of different parts of the same roads
(SS36(a) — SS36 (b)).

Regarding the road network, the four alternative routes identified between Milan and Marghera and
shown in green in Fig. 2 were proposed by stakeholders, considering routes authorized for vehicles
weighing up to 600t. These alternative routes have been identified with the aim of proposing different
pathways for transporters in the event of traffic slowdowns and, more critically, in cases where anom-
alies are detected on instrumented bridges.

2.2.7 Availability of technical documents
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Regarding the collection of technical documents of the artifacts, involving 15 different bridge manage-
ment entities, precise results cannot yet be presented. Following the previously mentioned guidelines,
efforts are underway to verify the existence of preliminary and final projects, data on project manage-
ment and implementation, any modification of the structure, test data, maintenance records, reports,
interventions, and hydrogeological assessments. This inventory of the available documentation is nec-
essary, because much of it is not easily accessible, so by compiling the records, there is an opportunity
to gather and digitize the available material. Given the ongoing collaboration with ANAS S.p.A, which,
as previously demonstrated, is the predominant manager of the infrastructure along the corridor, it will
be possible to locate and classify a significant amount of material.

2.2.8 Defects

Considering the different material design, the heterogeneous sample of structural types and their re-
spective defects noted and catalogued during the inspection, following Appendices and attachments of
the Italian Guidelines [7], common defects are found.

Regarding the defects of steel bridges recorded during the visual inspection of the road corridor,
two main issues were primarily identified: paint delamination and material degradation.

In the case of masonry structures, however, the encountered problems were mainly caused by mois-
ture and associated damage, including the formation of biological patina. Efflorescence and material
spalling were easily identifiable, while due to the limited accessibility to the infrastructure, it was not
possible to detect cracks and lesions with ease.

Concrete bridges, of which there are many, provided a more extensive sample of defects. The most
common issues related to active and passive moisture problems, leaching, delamination, detachment of
the cover concrete resulting in corroded reinforcement, and exposed and oxidized stirrups. In some
cases, serious defects were also identified, including the presence of diagonal cracks, concrete spalling
on the piers, and spalling at the stirrup locations.

3 METHODOLOGY

Among all these structures, 10 bridges were carefully selected (Fig. 5). As can be observed in Table
1 and Fig. 2, they are evenly distributed along the entire route and chosen to encompass various struc-
tural geometries (ranging from a minimum of one span to a maximum of five spans, and from a span
length of 48m to 240m) and material types (Prestressed or Reinforced Concrete, indicated in Tab. 1 as
PC or RC and Steel Bridges). Furthermore, the selected infra—structures have been assessed based on
reported damages, risks exposure and nofifications from carriers, who are required to provide load tests
to facilitate fransit.

Fig. 5 Pictures of the 10 case studies selected

Each of these infrastructures will be monitored with an appropriate SHM system that will send all
the data registered to a control room. The stakeholders, who have already purchased 25 Global Posi-
tioning System (GPS) devices, will instrument 25 HGVs with the GPS, allowing to follow each vehicle
from remote and register its passage along the 10 case study bridges being monitored.

By obtaining precise data on the passage of the 25 GPS-equipped HGVs on the selected bridge case
studies at each crossing (including vehicle configuration, weight, speed, position and time of passage)
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and being able to monitor the structural response of the bridge in real-time, it will be feasible to compare
the actually measured values with those obtained from numerical models simulating the passage of
recorded loads._This, in combination with a comparison of actual load effects with calculated bending
and shear capacity of these structures, will enable a review of the currently specified safety coefficients
adopted in the guidelines and validate, for bridge managers, a smart solution for monitoring the passage
of HGVs on infrastructure without requiring frequent permits (Fig. 6). Additionally, more alternative
road options will be provided to managers to alert vehicle drivers of any necessary deviations in case

of danger.
Table 1  Table presents the main features of the 10 case studies.
Code | Lat, Long (WGS) City Manager Material N. of | Length
spans | [m]
A 46.10439, 9.32247 Dorio ANAS S.p.A. B 3 75
B 46.03873, 9.31067 Bellano ANAS S.p.A. B 3 175
C 45.17889, 9.78226 Pizzighettone | Province of PC 4 240
Cremona
D 45.23201, 10.18525 | Seniga Province of Steel 1 77
Brescia
E 45.10945, 10.92320 | Roncoferraro Province of PC 3 105
Mantova
F 44.92250, 11.58990 | Occhiobello ASPI Steel 3 70
45.00254, 11.76373 | Arqua ANAS Sp.A. RC 3 72
Polesine
H 45.25974, 12.12809 | Codevigo ANAS S.p.A. PC 5 195
I 4541258, 12.16049 | Mira ANAS S.p.A. PC 5 130
L 45.43953, 12.19968 | Venezia ANAS S.p.A. RC 3 48

The main challenge after this first study will be to validate the corridor smart-solution to develop
among it a robustness parameter that could allow a homogeneous analysis of the infrastructures, con-
sidering multi-risk situations.
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Fig. 6 Methodology graphical representation to reduce the current safety coefficients.
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In future perspective, the implementation of multiple corridors in Italy would streamline the bu-
reaucratic procedures currently required for the passage of these vehicles, in the respect of both the
Italian Guidelines for risk classification and bridge management, including security assessment and
monitoring, and the Ifalian Guidelines for exceptional transportation ensuring a greater safety of the
infrastructures.

4 CONCLUSIONS

In conclusion, this paper addresses the pressing issue of ensuring the safe transportation of exceptional
loads through the northeastern region of Italy. Therefore, through the lens of the Transport Corridor
connecting Tirano to Marghera harbour via Milano, this study offers a systematic examination of the
bridges along the route, identifying key parameters essential for risk classification and bridge manage-
ment such as bridge location, managers, dominant composition, and preservation status.

A notable contribution is the proposal of an experimental and simplified methodology for evaluating
current safety coefficients, with a specific focus on facilitating the safe passage of heavy-good vehicles
across the 10 selected case studies.

By providing insights info the vulnerabilities and potential risks associated with bridge infrastruc-
ture, this study lays the groundwork for informed decision-making and strategic interventions aimed at
enhancing the safety and efficiency of exceptional transport movements. Moving forward, further re-
search and collaborative efforts will be vital for implementing proactive measures to mitigate risks and
ensure the resilience of transport corridors facing the evolving challenges.
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