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After some recent collapses of Italian bridges, specific guidelines on risk classification and management, safety
assessment and monitoring of existing bridges were issued in Italy in 2020. The application of the first three
levels of analysis of these guidelines to a large stock of bridges of two highways located in the Sicilian region
(southern of Italy) is presented in this paper. The examined levels of analysis comprise census, visual inspection
and calculation of the so-called class of attention of bridges.

Based on the results of these analyses, an experimental database on more than 300 in-service road bridges has
been collected and catalogued by means of a customized web application. The results are described and critically

analysed, highlighting both abilities and limitations of the examined levels of analysis of the Italian Bridges
Guidelines. Finally, a prioritization method is proposed to classify groups of bridges in view of more refined
levels of analysis and interventions.

1. Introduction

In the last decade, total or partial collapses of Italian bridges have
resulted in the death of 52 people and in the injury of 38 other people
[1]. Because of this, particularly after the Polcevera bridge collapse in
2018 [2] (causing 43 fatalities), the management and maintenance of
bridges has raised to an issue of utmost interest in Italy.

The culture of infrastructure maintenance is more rooted in North-
American than in Mediterranean countries, like Italy. In North-
America, the general rules of the AASHTO Commonly Recognized
Standard Element System [3] are well established and implemented in
the software package PONTIS [4]. In Europe, most of the highway
management companies have developed their own safety check and
management procedures, but they do not offer the acquired knowledge
and developed products for commercial use [5]. Moreover, only a few
countries in Europe have a national Bridge Management System (BMS)
(i.e. DANBRO in Denmark) and most of the developed BMSs are limited
to a collection of bridge stock data and thus do not help much to make
decisions based on the level of risk of bridges [6]. In general, large-scale
approaches based on the intrinsic characteristics of bridges and on their
state of degradation are preferred to prioritize interventions [6-10].

The total number of the Italian bridges is not precisely known (it is
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supposed to be about 60k) [1]. Most of these bridges have concrete
structures and were built more than 50 years ago. Owing to this, they
require maintenance interventions to guarantee an adequate safety level
[11-14]. These bridges are managed by different companies that, in
some cases, have no detailed knowledge about their own assets. These
management companies execute their activities in an autonomous
manner and select the maintenance priorities based of their annual
budget, often without a long-term plan.

In the past, specific Italian regions and handlers have also gained
experience on the management and risk assessment of Italian bridges by
means of collaborations with academic research groups or specialists in
order develop internal guidelines or obtain support for activities of
safety verification of bridge structures. In 2004, the Autonomous Prov-
ince of Trento (APT) was the first Italian region to implement a BMS.
Since then, the APT has been operational by carrying out regular visual
inspections on their own bridge stock (greater thanlk bridges) and
analysing the collected data by means of mathematical models [5]. In
2018, the Lombardia region (located in northern Italy) commissioned
the Polytechnic of Milan to develop criteria for a risk-informed man-
agement and planning of interventions on bridges [15] and regional
guidelines aimed at supporting the design and implementation of
monitoring systems [16]. In 2019, the management company of some
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highways of the Sicily region (located in southern Italy), namely the
Consortium for the Sicilian Highways (CAS), signed a technical agree-
ment with the Universities of Messina and Catania to obtain support in
the design of a large campaign of census and visual inspection of bridges
and in the critical analysis of the inspection results.

In this scenario, in 2020 the Italian Ministry of Sustainable Infra-
structure and Mobility (MIT) issued the Italian Bridge Guidelines (IBG)
for the classification and the risk management, safety evaluation and
monitoring of existing bridges [17]. This first version of the IBG was
slightly modified in 2022 [18]. The IBG are consistent with the current
Italian building code (NTC18) [19] and are currently in an experimental
phase, in which several universities and highway management com-
panies are collaborating to validate the methodology reported in the
IBG. To classify and manage the risks of the existing bridges, the IBG
propose a multi-level approach (levels from 0 to 5). The single level is
characterised by an assigned level of economic and technical commit-
ments. These commitments are different because of the required
knowledge of structures, in terms of geometric and mechanical prop-
erties. The approach considers risks associated with different types of
hazards, i.e. hazards referring to (i) the action of gravity and traffic loads
on superstructure, piers and foundation (later on named structure-foun-
dation risk), (ii) the occurrence of earthquakes (seismic risk), (iii) land-
slides (landslide risk) and (iv) floods (flood risk). The first level of analysis
of the IBG is intended to obtain a census of the examined bridges,
whereas the second aims to achieve an evaluation of the state of
degradation of the bridges by means of visual inspections of the bridges.
The third level of analysis aims to determine, for each type of risk and for
the entire set of risks, the so-called Class of Attention (CoA) of the
bridge. The CoA is intended to help the managing company to establish
subsequent actions on bridges, i.e. assessment of the structural safety of
bridges or planning of monitoring systems.

The first three levels of analysis of the IBG have been recently applied
by Scalbi et al. [20] to a set of 16 prestressed concrete bridges located in
the Lombardia and Calabria regions. Based on the results of their in-
vestigations, the authors have suggested the key features to be assessed
over time and highlighted the relevance of the maintenance plans in the
through-life management of the structure. In addition, the classification
procedures reported in the IBG have been compared with those used by
the Italian road manager ANAS. More recently, based on an institutional
cooperation between the University of Campania “Luigi Vanvitelli” and
the Province of Caserta (located in the Campania region, south of Italy)
the first three levels of analysis of the IBG have been applied to a set of
60 road bridges [21]. The selected set consists of reinforced concrete,
prestressed concrete or masonry bridges characterised, on the average,
by short span lengths and significantly different from stock of bridges
typical of highways. In addition, the same authors have proposed a
preliminary risk model based on the results of the only census activity
and suitable to define an inspection priority ranking.

This paper discusses the results of the first three levels of analysis of
the IBG on more than 300 road bridges of two Sicilian highway sections.
This campaign was commissioned in the recent past by CAS and is one of
the first experimental campaigns performed in Italy on a large set of
bridges based on the procedures reported in the IBG [17,18]. The
examined bridges are of different type, material and period of con-
struction. The elaboration of the results of the three levels of analysis
performed on the Sicilian highways is intended to emphasize abilities
and limitations of the IBG. Finally, based on the procedure suggested by
the IBG, a global defect index is proposed as a tool for prioritization of
interventions on bridges. This tool allows management companies to
define a plan of similar interventions on large groups of bridges. Car-
rying out the interventions suggested by the proposed approach, the
number of bridges that need a detailed and expensive analysis, like the
evaluation of the seismic vulnerability [11,12], can also be reduced.

The authors note that the analyses presented in this paper refer to the
entire stock of bridges, without any reference to the single bridge. The
use of the results of census and visual inspection is authorized by the

Structures 58 (2023) 105387

data owner (CAS). Based on the results of the visual inspections, the
Consortium for the Sicilian Highways (CAS) has carried out proper
restoration works on their bridges to ensure adequate safety levels.

2. The Italian guidelines on risk classification and management
of bridges

The IBG follow a multilevel approach. This approach is developed on
six levels (from level 0 to 5) which require different activities as briefly
described below:

- Level 0. Census of the main characteristics of the bridge and collec-
tion of the available information and documentation;

Level 1. Visual inspection of the structure in order to identify defects
and structural and geometric characteristics of the bridge, as well as
geo-morphological and hydraulic characteristics of the area (in order
to identify possible risks associated with either landslides or floods);
Level 2. Evaluation of the CoAs based on hazard, vulnerability and
exposure parameters determined at Levels 0 and 1. The level of the
different CoAs [structure-foundation (CoA-SF), seismic (CoA-S),
landslide (CoA-L) and flood (CoA-F)] may be high, medium-high,
medium, medium-low or low. Once the level of the CoAs has been
determined, actions are defined based on the level of the CoAs: in
particular, specific inspection plans are required for bridges with
medium or medium-high CoAs whereas accurate structural assess-
ments (Level 4) are required for bridges with high CoAs, indepen-
dently of the results of the investigations at Level 3;

Level 3. Preliminary assessment of the structure in order to recognise
the need for a detailed analysis of Level 4. The numerical calculations
required at Level 3 aim to evaluate the minimum resistance ensured
by the codes at the time of construction of the bridge compared with
the resistance required by the present code NTC18 [19].

Level 4. Accurate assessment of the structure according to NTC18
[19] and IBG.

Level 5 is currently not described in the IBG and applies to bridges of
significant importance for the road network. For these structures, more
sophisticated analyses should be performed such as those of robustness
of the road network. These analyses should be able to evaluate the traffic
relevance, analysing the interaction between the bridge and the road
network and, then, the consequences of the possible traffic interruption
on the socio-economic context.

The complexity of the investigations and the required level of
knowledge of the bridge increase with the number of the level, from
level O to 5. However, the number of the structures which the different
levels are supposed to be applied to is expected to decrease with the
increase of the number of the level.

Based on the collected inspection results, this study focuses on the
first three levels of the IBG (Level 0 to 2) which are related to the clas-
sification of risks and management of interventions. The visual in-
spections carried out on the two sections of the Sicilian highways were
intended to evaluate the structure-foundation and seismic risks only.
Owing to this, the CoAs related to the other risks (CoA-L and CoA-F) are
not evaluated and discussed in this paper.

2.1. Risk analysis in the IBG

As common in risk analysis, the risk components of a bridge are
hazard, vulnerability and exposure. The grade of each risk component
may be high, medium-high, medium, medium-low or low. The primary
and secondary parameters that influence the evaluation of the risk
components are summarized in Table 1.

2.1.1. Structure-foundation risk
The hazard associated with the structure-foundation risk (later on
referred to as caused by static and geotechnical actions) depends on the
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Table 1
Summary of parameters influencing structure-foundation and seismic risks.
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Risk Risk Primary parameters Secondary parameters
component
Structure- Hazard Extent of expected traffic loads, Frequency of commercial vehicles
foundation Vulnerability Level of defectiveness, static scheme (e.g. simply supported, dapped-end beams), max span length, Degradation speed, design code

material (e.g. RC, PC, steel), number of spans

Exposure (*) Average daily traffic, mean span length

Seismic Hazard Peak ground acceleration
Vulnerability
material (e.g. RC, PC, steel), number of spans
Exposure Exposure of structure-foundation risk (*)

Level of defectiveness, static scheme (e.g. simply supported, dapped-end beams), max span length,

Road alternatives, type of
bypassed entity

Soil class

Seismic design criteria

Strategic function of the bridge

following parameters:

- maximum permissible mass of vehicles
- frequency of transits of commercial vehicles

In regard to the effects of the vehicle mass on the examined hazard,
the IBG note that a bridge frequently used by vehicles with a tow of a
significant mass is more at risk than a bridge with the same structural
characteristics but affected by ordinary traffic flows, mostly made up of
light vehicles. It follows that it is extremely useful to classify bridges, not
only according to their constructive, technical and functional charac-
teristics, but also as a function of the maximum permissible mass of
vehicles. In the IBG, bridges are classified into hazard classes from A to E
as a function of the maximum permissible mass of the vehicles. The
maximum mass for bridges in class A is equal to that reported by the
Italian code NTC18 for new bridges (this mass corresponds to double-
axe concentrated loads of magnitude equal to 600 kN), whereas
masses equal to 73%, 43%, 13% and 6% of the above value (i.e.
NTC2018) are considered for bridges in classes B, C, D and E, respec-
tively. The frequency of transits of commercial vehicles (i.e. vehicles
with mass higher than 3.5 tons) per lane can be low, medium or high: the
frequency is assumed to be low if lower than 300 vehicles per day (later
indicated as vpd) and high if higher than 700 vpd. The class of hazard of
the bridge is identified by means of a table as a function of the class of
the road in terms of the maximum permissible mass and as a function of
the frequency of transits of commercial vehicles.

The vulnerability to static and geotechnical actions depends on:

- level of defectiveness

- rate of degradation

- design code or seismic design criteria

- static layout, maximum span length and material

Starting from the damage observed during the visual inspections
(Level 1 of the multi-level approach), the methodology described in the
IBG assesses the level of defectiveness (high, medium-high, medium,
medium-low or low) of the bridge based on the importance, extension
and intensity grades of the defects of the bridge. As a special case, the
IBG identify some specific structural components and states of damage
as critical for the structural safety of the bridge. The occurrence of de-
fects on critical elements (e.g. prestressing tendons and half-joints) or
the presence of the so-called critical states of damage is given great
importance for the evaluation of the level of defectiveness of the bridge.

The rate of degradation is evaluated by combining the level of
defectiveness with the period of construction of the bridge. The
knowledge of this latter factor is obviously significant in the event that
bridges have not been the subject of significant maintenance in-
terventions. On the contrary, if there is evidence of maintenance in-
terventions, which have significantly limited the phenomena of
degradation, it is necessary to refer to the year of the last maintenance
intervention. In this regard, three categories are distinguished according
to the period of construction or the period of the last significant

maintenance intervention. The three categories correspond to periods
that are prior to 1945, from 1945 to 1980 and later than 1980.

The level of vulnerability of bridges is significantly influenced by the
assumptions at the basis of their design, and, among these, by the traffic
load models considered. The evolution of the Italian regulatory land-
scape has produced, over time, a variation in the traffic load models.
Owing to this, in Italy it is important to distinguish the so-called 1st
category bridges, designed in the past for the transit of both civil and
military vehicles, from the 2nd category bridges, designed for the transit
of only civil vehicles. Indeed, while the effects of the civil vehicles used
up to 1980 were much less burdensome than currently expected, the
effects of the military vehicles used from 1952 onwards are comparable
to those induced by current traffic models. Further, the effects of the
traffic loads on the response of the bridge depend on the span and width
of the deck. In the absence of more accurate evaluations, the IBG make
possible to distinguish three classes (named A, B or C), based on the year
of design, category of the bridge and span length.

The vulnerability of bridges is also closely connected to their struc-
tural characteristics. Some of the parameters considered to estimate the
vulnerability to static and geotechnical actions of bridges with different
structural characteristics are the redundancy of the static layout (stati-
cally indeterminate structures are considered less vulnerable than stat-
ically determinate structures), the susceptibility to brittle failures (e.g.
shear failures for half joints) and the sensitivity of the materials to
degradation phenomena. Once the static scheme, the material of the
deck and the longest span length have been identified, a table of the IBG
provides the class of vulnerability of the bridge as a function of its
structural characteristics. The class of vulnerability of the bridge is
determined by means of a flow chart as a function of the results referring
to the above-mentioned primary and secondary parameters.

Exposure is evaluated on the basis of the following primary and
secondary parameters:

- average daily traffic and average span length (primary parameters)
- alternative routes and bypassed subject (secondary parameters)

The expected traffic volume in terms of Average Daily Traffic (ADT),
i.e. the average number of vehicles transiting in one day on the entire
width of the carriageway, may be obtained as a result of specific studies
on transits or may be provided by the competent manager. According to
the IBG, the level of the ADT may be high, medium and low: the low
level is characterised by an ADT not higher than 10,000 vpd, whereas
the high class is characterised by an ADT not lower than 25,000 vpd. The
level of exposure also depends on the average span length (ASL) of the
structure, because the risk which the road user is exposed increases with
the average span length. In regard to this aspect, the IBG identify three
classes of bridges characterised by long spans (ASL higher than 50 m),
medium spans (ASL higher than 20 and lower than 50 m) or low spans
(ASL lower than 50 m). The combined effect of the ADT and ASL is
evaluated by means of a table reported in the IBG.

The possible closure or traffic restriction on the bridge causes inev-
itable disruption to local economies. The exposure evaluation process
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reported in the IBG considers the effect of the presence and adequacy, in
terms of costs, time and distances, of viable road alternatives in the
event of bridge closure. The exposure class identified on the basis of the
ADT and ASL increases if no adequate alternative routes are present. The
level of exposure associated with the type of bypassed entity depends on
the economic and social consequences of the possible collapse of the
bridge on the entity itself. The class of importance of the bypassed entity
may be high, medium or low. The class of exposure of the bridge is
determined by means of a flow chart as a function of the results referring
to the above-mentioned primary and secondary parameters.

Finally, the structure-foundation class of attention of the bridge is
determined through tables (one for each class of hazard) as a function of
the classes of vulnerability and exposure.

2.1.2. Seismic risk
The hazard associated with the seismic risk depends on:

- peak ground acceleration and
parameter)
- subsoil category (secondary parameter)

topographic category (primary

The peak ground acceleration (PGA) refers to rigid soils and is
characterised by a probability of exceedance equal to 10% in 50 years
(taken from the Italian seismic hazard map). The value also takes ac-
count of the topographic category of the site. Five hazard classes (from
high to low) are defined as a function of the PGA and topographic
category of the site.

While the PGA and the topographic category can be determined in all
cases by means of data relating to the location of the bridge collected in
the Level 0 census and from Level 1 visual inspections, the determina-
tion of the subsoil category requires specific information on the subsoil
stratigraphy, obtainable from the design documents or from special
surveys. If such information is not available, precautionary measures
must be taken assuming the worst of the subsoil categories reasonably
expected for the site. The hazard class is obtained by means of a table as
a function of the classes depending on the above primary and secondary
parameters.

The vulnerability to seismic actions depends on:

- level of defectiveness
- seismic design criteria
- static layout, maximum span length, and material

The level of defectiveness is estimated by processing of data collected
from visual inspections of Level 1, focusing on the elements and con-
struction details particularly influential on seismic global behaviour of
the bridge. The data processing leads to the distinction of five levels of
defectiveness, defined with criteria similar to those used for the deter-
mination of the structure-foundation vulnerability class, but related to
the seismic behaviour of the bridge.

It is evident that bridges characterized by different static layout,
maximum span length and materials offer different performances
against seismic actions. This different behaviour chiefly depends on the
redundancy of the static layout and its dynamic behaviour, on the
number of elements vulnerable to seismic actions (e.g. piers and bear-
ings), on the mass of the bridge, on the level of preservation of the bridge
at the time of the seismic event and on the presence of any other element
that may contribute to increase the vulnerability of the bridge to seismic
actions, e.g. skew decks. To take account of these elements, the IBG
identify five classes of vulnerability in terms of static layout, span length
and material.

The seismic performance of the bridges is also significantly influ-
enced by the code applied in design. In particular, the IBG distinguish
between bridges that have been designed to resist seismic actions and
bridges that have been designed to resist only gravity and climatic ac-
tions. This latter possibility is not so remote because, with the exception
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of specific decrees issued after the occurrence of strong earthquakes on
the Italian territory, an approach more attentive to the problem of
seismic safety dates back to 1974 (law n. 64/1974) and a seismic clas-
sification of the entire Italian territory on the basis of a probabilistic
analysis has been obtained in 2003. If the analysis of the available
documentation does not make it possible to identify the adopted design
criteria, the bridge should be considered as designed without seismic
design criteria. The class of vulnerability of the bridge is obtained by
means of a flow chart as a function of the partial results corresponding to
the above parameters.

The exposure to seismic actions is evaluated starting from the results
related to the structure-foundation risk and considering the strategic
function of the bridge in the case of seismic events. Indeed, bridges
considered of strategic interest, whose functionality during seismic
events assumes fundamental importance for the purposes of civil pro-
tection, have a higher priority according to IBG. Owing to this, the level
of seismic exposure of the bridge is increased by one level with respect to
that related to the structure and foundation risk if the bridge falls into
the class that is of strategic interest for emergencies following a seismic
event. These bridges are expressly indicated by the civil protection
department or by the competent administrative body.

Again, the seismic class of attention of the bridge against seismic
actions is determined through tables (one for each class of hazard) as a
function of the classes of vulnerability and exposure.

3. Experimental dataset

The stock considered in this study is a collection of bridges of two
sections of the Sicilian highways managed by CAS. These bridges belong
to the highway named A18, which connects the towns of Messina and
Catania (east side of the Sicily Island) and A20, which connects the
towns of Messina and Buonfornello (north side of the Sicily Island).

Highways A18 and A20 have two separate carriageways and, for
most of their length, were built in the early 1970s. Therefore, they are
more than 50 years old. It is worth noting that this part of Sicily has
historically been affected by seismic events of relevance (i.e. the Messina
earthquake in 1908). Despite the medium-high seismic hazard of the
zone, the bridges that were built before the ‘70s were designed without
significant seismic provisions.

The results of the census and visual inspection activities have been
collected in the form of photos and data files. The data of the census and
visual inspection forms have been preliminary checked by means of an
algorithm in order to find gross errors introduced by inspectors. The
most common errors in the data referring to the census activities con-
cerned the geographical coordinates of the bridge and its structural type.
In particular, non-homogenous responses have been obtained for pre-
stressed concrete bridges, which were sometimes reported as reinforced
concrete. According to the authors, this error was due to the absence of a
list of permitted responses to the relevant question of the form and to the
absence of a strict guide to this response. The most common errors in the
forms referring to the visual inspection activities concerned the values of
the intensity and extension factors. Indeed, different values (0.2, 0.5 or
1.0) were sometimes given even when the forms stated that they should
have a single value, i.e. 1.0. In this case, the denial to accept wrong
values in the digital version (organized in Excel) of the form of the IBG
would have provided a valid contribution.

The revised data have been collected in a large database where the
data are linked together. To save, manipulate and quickly extract and
analyse portions of the data of the available database, a customized web
application has been developed [22].

3.1. The web application
The web application works as a BMS and comprises a set of com-

ponents, which allow specific tasks, i.e. inventory of bridges, compila-
tion of inspection forms and computation of CoA. In particular, the
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bridge data stock is collected in a tree-view, with folders that indicate
the road network and contain each single bridge. Data for bridges
contain information related to identification, geographical location,
administrative issues, construction and previous retrofit interventions.
Such data are organized following the layout of the forms reported in the
IBG. Therefore, for each level of investigation a group of forms is
available. The Graphical User Interface (GUI) allows the user to check
each single datum, which can be easily created, read, updated or
deleted. All data are stored on a server, where a Content Management
System (CMS), written in PHP and based on a MySQL relational data-
base, works as a back-end. Communications and mutual exchanges of
data between client and server take place through an Application Pro-
gram Interfaces (APIs) system. Therefore, referring to each folder, which
contains part of the bridge data (main characteristics, inspection results,
etc...), queries, processing and views of data can be obtained. In addi-
tion, data can be imported or exported in various common file formats (i.
e. xlsx or json).

3.2. Census of data

Fig. 1 reports two screenshots, one for each highway section, of the
web application GUI which shows the geographical position of all the
examined bridges. The bridges are in number of 142 and 216 on high-
ways A18 and A20, respectively, and are grouped in Table 2 as a

(a)
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function of the main material of the deck, i.e. Reinforced Concrete (RC),
Prestressed Concrete (PC) or Steel-Concrete (SC).

The decks of the bridges on highway A18 were built with RC, PC or
SC beams, while those of the bridges on highway A20 were built with RC
or PC beams only. As regards the PC bridge decks, prefabricated beams
with pre-stressed strands were mostly utilized on highway A18, while
prefabricated beams with post-stressed strands were used on highway
A20.

Figs. 2, 3 and 4 show the relative frequency of the values of different
variables: girder length, span number and maximum pier height. Data
are grouped for the highway sections (A18 and A20) and for the type of
the deck material considered (RC, PC or SC).

The girder length of the RC and SC bridge decks of the two highway
sections is reported as ranging from 10 to 50 m.

The distribution of the relative frequencies of the girder length of the
PC bridges on the two highway sections (A18 and A20) show some
appreciable differences. Indeed, the girder length of the bridges on
highway A18 (with prefabricated beams and pre-stressed strands) is
mostly in the interval between 20 and 30 m and is maximum equal to 41
m. Instead, the girder length of the bridges on highway A20 (with post-
tensioned beams) is mostly in the interval between 35 and 40 m and
even exceeds 100 m.

The number of spans is strictly related to the deck type, total length
of the bridge and, of course, width of the bypassed entity. The number of

pann S M i

(b)

Fig. 1. Geographical positions of bridges: (a) highway A18 and (b) highway A20.

Table 2
Bridge grouping as function of the principal deck material types.
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Fig. 2. Relative frequency of the length of girders (L): (a) highway A18 and (b) highway A20.
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spans of the bridges on highway A18 is always lower than 15, while that
of the PC bridges on highway A20 even exceeds 20.

The maximum pier height depends on the landforms (hills, moun-
tains, valleys, ...) that characterize the territory. Highways A18 and A20
pass through a very inhomogeneous territory and, in some cases, deep
valleys are present close to the coast. Owing to this, the maximum pier
height is about 30 m for some bridges of the highway A18 and is over 50
m for some bridges of the highway A20.

I RC ()
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2
|
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4. Structure-foundation risk of bridges

In this section are reported and critically analyzed the values of the
primary and secondary parameters that are necessary to estimate haz-
ard, vulnerability and exposure of CoA-SF, respectively. In Fig. 13, these
values are summarized for all the bridges of highways A18 and A20 and
are reported for each single parameter considered.

- (b) B rc o)
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02 ‘
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Fig. 3. Relative frequency of number of spans (N): (a) highway A18 and (b) highway A20.
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4.1. Hazard

As previously reported, the hazard due to static and geotechnical
actions (structure-foundation risk) depends on the maximum permis-
sible mass of vehicles and on the frequency of transits of commercial
vehicles.

4.1.1. Maximum permissible mass of vehicles

The maximum permissible mass of vehicles is fixed by the road
management company as a function of the state of conservation of the
bridges. Referring to all the inspected bridges, the maximum permissible
mass of the vehicles is equal to that reported by the Italian code NTC18
for new bridges. Therefore, all the investigated bridges are considered in
class A.

4.1.2. Frequencies of transits of commercial vehicles

To estimate the number of commercial vehicles per day on the single
lane (datum required by the IBG), the CAS has provided data regarding
the transit of all vehicles through different toll-gates along the consid-
ered sections of the highways.

The section of the highway A18 between Messina and Catania has 14
toll-gates, labelled from 33 to 46, while the section of the highway A20
between Messina and Buonfornello has 28 toll-gates, labelled from 1 to
28. Transit data are given for each month of the year per specific classes
of vehicles. To obtain the data required by the IBG only the annual
average of the number of transits of the commercial vehicle classes has
been considered for each toll-gate. In Fig. 5, the number of vehicle

Table 3
Classification of the level of defectiveness.

Level Criteria for the classification of the defectiveness
High Defects with high or medium-high grade (G = 5 or G = 4) and any
intensity grade on critical elements (CEs) or presence of critical
conditions (e.g. extended and significant cracking, ongoing
movements of foundations, expanding joints out of service)
Medium- Defects with high or medium-high grade (G = 5 or G = 4) and high
high intensity grade on elements whose failure can undermine the statics
of the bridge
Medium Defects with high or medium-high grade (G = 5 or G = 4) and high
intensity grade on elements whose failure cannot undermine the
statics of the bridge or defects with high importance grade (G = 5)
and medium-low intensity grade
Medium- Defects with medium-high grade (G = 4) and medium-low intensity
low grade or many defects with either medium or low grade (G=3,20r1)
and any intensity grade
Low A few defects with either medium or low grade (G = 3, 2 or 1) and any

intensity grade

Type of element

Structures 58 (2023) 105387

transits per day is plotted as a function of the toll-gate label for A18 and
A20 sections. The figure also reports the line of the minimum and
maximum transits and two black lines corresponding to 300 and 700
transits per day. According to the IBG, these two values represent the
lower and upper bounds of the medium frequency range of transits per
day.

The average of the transits per day is always high for the A18
highway. Some dispersion of data is evident due to the scattering of the
number of transits over the year. Instead, on the highway A20 the
average of the transits per day is medium from toll-gates 1 to 14 and low
from toll-gates 14 to 28. On this section of the highway the variability of
data is lower and indicates an almost constant level of traffic.

4.2. Vulnerability

The vulnerability to static and geotechnical actions depends on level
of defectiveness, rate of degradation, design code or seismic design
criteria, static layout, maximum span length and material.

4.2.1. Level of defectiveness

The level of defectiveness of a bridge is a key parameter in deter-
mining the vulnerability of the bridge to static and seismic actions. In
fact, according to the IBG, if the level of defectiveness is high the
vulnerability of the bridge to static and seismic actions is always high,
regardless of the values of the other primary and secondary parameters
considered.

The level of defectiveness is evaluated starting from the results of the
visual inspections, as a function of the criteria reported in Table 3.

The inspection activities, performed by qualified inspectors, provide
a detailed description of the degradation of each element category
(beams, slabs, piers, expanded joints, bearings, ...) of the examined
bridges. The IBG provide forms that are different for each type of
element inspected and that investigate a list of pre-determined defects.
Each row of the form contains a code, a short description and a pre-
established importance grade (1 < G < Gpax = 5) of the defect. In
addition, the form contains some checkboxes that can be flagged or not
by the inspector (see Fig. 6). These checkboxes are used to confirm that
the defect has been detected on the element considered and to state
whether the defect, in the inspector judgement, affects or not the statics
of the bridge (PS = true or false). For each type of defect detected on the
element investigated, the inspector shall indicate the extension grade
(k1) and the intensity grade (k) of the defect, choosing a value equal to
either 0.2, 0.5 or 1. Note that for some types of defects the values of k;
and/or ks are fixed by the IBG.

In addition, the IBG envisage the presence of some Critical Elements

Importance grade

Material
Extension
/ /\ Intensity
Scheda Ispezione/Pdnti di'Livello 1
5 Pile N Strada di apparte%a: /frogressiva km: ﬁ
Metallo o Acciaio Tecnico rilevator Dataispezione: __/__[____ Mr"'
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Fig. 6. Part of a defectiveness form reported in the Italian Bridge Guidelines.
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(CEs) in the bridge. These elements are defined as either significant and
extended states of damage or elements that are particularly prone to
degradation phenomena and whose malfunctions can significantly affect
the overall structural behaviour of the bridge. The IBG report some ex-
amples of critical elements, including half-joints, prestressing tendons
and extensive crack patterns. The exemplary list reported in the IBG is,
however, not exhaustive and should be reconsidered and extended by
the inspectors as a function of the structural type of the bridge and
personal technical judgement. As is evident from Table 3, the presence
of damage on just one CE is sufficient to evaluate the level of defec-
tiveness of the bridge as high. According to the authors, this can lead to
overestimates of the level of defectiveness because, in some cases,
damage of the CE may be very light but the procedures of the IBG for the

evaluation of the level of defectiveness of the bridge do not make any
difference because of the intensity or extension of the defect in the CE. It
is thus opinion of the authors that it would be more appropriate to
calibrate the estimate of the level of defectiveness of the bridge as a
function of the level of degradation of the CEs [23,24].

To classify the level of defectiveness of the examined bridges, the list
of the CEs suggested by the IBG has been extended to consider also
movements undermining bridge foundations (ril_fond_1), diagonal (ca-
cap_10) and crushing cracks (ca-cap_13), bending of rebars (ca-cap_17),
breakage of the prestressing bars or anchorages failure (cap_12) and
oxidation of prestressing wires (cap_8). In addition, to collect informa-
tion regarding the most common defects on the examined bridges, the
results of the inspection activities have been interrogated by means of
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Fig. 9. Photos of some defects detected on pier cap beams.
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the described web application as a function of the bridge deck material
(i.e. RC, PC or SC), selecting one type of element (beams, slabs, piers,
expanded joints, bearings, ...) at a time. By means of this procedure it is
possible to know how many times (N) a specific defect has been detected
on the relevant group of bridges at the selected level (0.2, 0.5 or 1.0) of
extension (k;) or intensity (k3). The number of times a defect has been
detected is labelled here as Ny;) wherei = 1,2 and [ = 0.2, 0.5 or 1.0.

In Figs. 7 and 8, Ni1,1 and Nyo refer to the defects detected on the
primary and secondary beams of the PC decks (“PC - primary and sec-
ondary beams™) of highways A18 and A20, respectively. The defects
detected on the PC beams mainly involve the external face of the PC
beams and are represented by water traces due to inefficient rainwater
drainage systems (dif-gen_1), passive (ca-cap_l) and active (ca-cap_2)
humidity spots, erosion of the external layer of concrete (ca-cap_3),
spalling of the concrete cover (ca-cap_5) and presence of oxidized and
corroded rebars (ca-cap_6) (Fig. 9). In addition, on the bridges of high-
way A20, exposed and oxidized stirrups (ca-cap_16) have very often
been observed and half-joint defects (ca-cap_24) have sometimes been
reported. The group of defects specifically considered in the IBG for PC
beams, identified by the label with the initial “cap” string, appear to be
not significantly present on the inspected bridges. Overall, the visual
inspections have highlighted the consequences of the lack of regular
maintenance of the PC beams of bridges of both highways A18 and A20
during the past years; defects concerning cracking or crushing of con-
crete (ca-cap_7 to ca-cap_15), instead, have not been observed or they
have been found to be not significant.

A similar trend is observed for the concrete slabs of the bridges of
highway A18 (Fig. 10) and for the concrete piers of the bridges of
highway A20 (Fig. 11). The damage observed in the external concrete
layer of slabs and piers is similar to that detected on the PC beams. In
particular, spalling of the concrete cover (ca-cap_5) of slabs and piers
appears to be the most frequent type of damage. In addition, in a few
cases, longitudinal (ca-cap_18) and transverse cracking (ca-cap_19) of

()

(b)

(c)
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the concrete slab has been observed. For the concrete piers of the bridges
on highway A20, traces of water due to inefficient rainwater drainage
systems (dif-gen_1) have been reported in almost all cases, even if
characterised by moderate intensity coefficients. The presence of water
on the lateral faces of piers, extending from the top to the bottom of the
member, have sometimes caused oxidation of stirrups (ca-cap_16) and
spalling of the concrete cover (ca-cap_5) (Fig. 12).

In regard to the inspection campaign, the authors note that the new
version of the IBG (issued in 2022) requires that a form should be filled
for a single element (e.g. beam, slab or pier) of the bridge. However, the
inspection campaign discussed in this paper was carried out in keeping
with the previous version of the IBG (issued in 2020) and with CIAS
instructions [25] that required that only one form was filled by the
inspector for each type of element (e.g. beam, slab or pier) to report the
highest level of degradation (extension and intensity) detected on that
type of element of the bridge. Even though the single form does not refer
to a specific element but to the type of element, the photographic
documentation attached to the form can help to identify and investigate
more deeply the elements with defects.

4.2.2. Rate of degradation

The rate of degradation is strictly related to the level of defectiveness
and to the period of construction of the bridges. In the application of the
IBG, the period of construction of the bridges of highway A18 is set from
1945 to 1980; that of most bridges of the highway A20 is set from 1945
to 1980 whereas only that of a few bridges of this latter highway is
subsequent to 1980 (Fig. 13).

4.2.3. Design code or seismic design criteria

The actions considered for the design of the examined bridges
depend on the code at the time of construction or before. Following the
classification of the IBG, all the bridges of highways A18 and A20 fall
into class B, which collects 1st category bridges designed with standards

Fig. 12. Photos of some defects detected on (a) PC beams, (b) RC piers and (c) expanded joints.
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published from 1952 to 1990 and characterised by spans of<10 m or
designed with standards from 1952 to 2005 and characterised by spans
longer than 10 m.

4.2.4. Static layout, maximum span length and material

Most bridges of highways A18 and A20 were built with simply sup-
ported beams having a maximum span length greater than 25 m, as
reported in Fig. 13. These bridges were mainly built by means of the PC
technology, which has largely been used in the late fifty years to

Structures 58 (2023) 105387

overcome wide rivers and valleys. The RC technology was mainly used
for little bridges, although a few RC bridges with span length greater
than 20 m are present on the considered highway sections. The SC
technology was used only on a limited group of bridges along highway
A18.

4.3. Exposure

The exposure to static and geotechnical actions depends on the
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Fig. 13. Hazard, vulnerability and exposure parameters corresponding to the structure-foundation class of attention (CoA-SF) of bridges on highways A18 and A20.
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average daily traffic and average span length, alternative routes and
bypassed entity.

4.3.1. Average daily traffic and average span length

According to the IBG, the average daily traffic (ADT) may be high,
medium or low as a function of the number of commercial vehicles
transiting each day on the entire width of the carriageway. Based on the
data provided by the CAS, the ADT has resulted medium for most of the
bridges of highways A18 and medium or high for the bridges of highway
A20 (see Fig. 13).

The exposure level also depends on the average span length (ASL) of
the bridge. The value of this parameter is classified as medium (20 m <
ASL < 50 m) for most of the bridges inspected. It is classified as low (ASL
< 20 m) for a few bridges of highway A18 and high (ASL greater than 50

Structures 58 (2023) 105387
m) for a few bridges of highway A20.

4.3.2. Alternative routes and bypassed entity

The presence of alternative routes to the bridge and the type of
bypassed entity are parameters related to possible social and economic
consequences due to traffic interruption. Alternative routes are available
for all the bridges of highway A18 and for most of the bridges of highway
A20.

The class of importance of the bypassed entity may be high, medium
or low. Most of the entities bypassed by the bridges on highway A18 are
classified as medium because the bypassed entities, without essential
public and social functions, entails normal traffic; most of the entities
bypassed by the bridges on highway A20, instead, are classified as low or
medium (Fig. 13).

Highway A18 Highway A20
(a) (a) (b)
120
2 | s I 200 I
N
= 40 100 I
a4 & TIT2T3T4 & ﬂ ﬁ TIT2T3T4
o o] c oo
WA V & A
S S
(c) (d) (e) (c) (d) (e)
160
200
M | C3N PR I
E L MMH SmgleMu]tl L MMH Single Multi
m]
]
g (f) g) (h) (f) (2) (h)
= | 160
200
N I_L JJ N i JJ
0 . 0
Statically 52 s Statically u ML H
determined determined U
(1) 0) (1) 0)
160
) 200
Z 80
S 100
E 0 - l I ] 0 ] I I [
g § Vs 2= g Yes
Notes: (a) peak ground acceleration (expressed in g) (f) static layout

(b) topographic category

(c) level of defectiveness

(d) single or multi-span

(e) design code or seismic design criteria

(g) material

(h) maximum span length (m)

(i) exposure corresponding to CoA-SF
(j) strategic function

Fig. 14. Hazard, vulnerability and exposure parameters of corresponding to the seismic class of attention (CoA-S) of bridges on highways A18 and A20.
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5. Seismic risk of bridges

In this section, the values of the primary and secondary parameters
that are necessary to estimate hazard, vulnerability and exposure of the
CoA-S are reported and critically analyzed. These values, obtained from
the results of the visual inspections, are summarized in Fig. 14 for all the
bridges of highways A18 and A20.

5.1. Hazard

The seismic hazard depends on PGA, topographic and subsoil cate-
gories. The latter depends on the subsoil stratigraphy, which is not
available at this stage of investigation. Therefore, as also suggested by
the IBG, the worst condition (soil class E according to Eurocode 8 [26])
has been cautiously assumed for all the bridges inspected (see Fig. 14).
The IBG recommend that in the case of class of soils equal to C, D or E,
the seismic hazard level must be increased. Therefore, the lack of
knowledge of the soil stratigraphy can lead to an overestimation of the
hazard component of the seismic risk.

5.1.1. Peak ground acceleration and topographic category

Highways A18 and A20 are located in a prone seismic area. The 37
bridges of the first part of highway A18 (from Messina to “Vallone”
viaduct) are characterized by PGAs > 0.25 g corresponding to a high
level of hazard; the remaining bridges of highway A18 and those of
highway A20 are characterized by a PGA between 0.15 g and 0.25 g

Hazard: High

Vulnerability

Hazard: Medium-Low

'R

Hazard:
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corresponding to a medium-high level of hazard (see Fig. 14).

The topographic category of the site of construction of the examined
bridges is often T1 or T2 according to the Italian building code NTC18
[19], i.e. the bridges were built on slopes or ridge crests with medium
inclination not higher than 15% or on slopes with medium inclination
higher than 15%.

5.2. Vulnerability

The vulnerability to seismic actions depends on the level of defec-
tiveness, seismic design criteria, static layout, maximum span length and
material. The level of defectiveness is estimated as for the structure-
foundation risk (see Section 4.2.1) with the only difference that the
list of the CEs considered for the seismic risk is slightly different from
that considered for the structure-foundation risk, e.g. the former in-
cludes bearings.

5.2.1. Seismic design criteria

The IBG distinguishes between bridges designed to resist seismic
actions or only gravity loads. Because of the age of most of the consid-
ered bridges, many of them were designed in the absence of seismic
criteria and considering only gravity and climate actions (see Fig. 14).
The IBG recommend increasing the vulnerability level of the seismic risk
if the bridge has been designed without seismic criteria. In this regard,
the authors note that a few regions of Italy are characterized by a very
low level of seismicity (i.e., Sardinia region) and that the bridges
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Fig. 15. Evaluation of the structure-foundation and seismic classes of attention as a function of hazard, vulnerability and exposure. Notes: L = Low, ML = Medium-
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localized in these regions could be overly penalized by the IBG in the
calculation of the seismic CoA.

5.2.2. Static layout, maximum span length, and material

The group of data required to evaluate the vulnerability to seismic
actions is similar to that needed to evaluate the vulnerability to static
and geotechnical actions. The only difference is that in the case of
seismic actions the static layout must be classified also as a function of
the number of spans (one or more than one).

As for the case of the structure-foundation risk, the IBG provide a
table to estimate the vulnerability caused by the structural characteris-
tics of the bridge as a function of static layout, maximum span length

Hazard
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ML
2
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37
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[

Exposure

MH
76
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and material. However, unlike the table proposed for the structure-
foundation risk, in this case the maximum span length is classified as
medium-low when lower than 20 m or high when not lower than 20 m.
In addition, the only materials considered are RC, PC, masonry and steel.
Owing to this latter limitation, the SC bridges of highway A18 have been
treated here like PC bridges (see Fig. 14).

5.3. Exposure

The exposure to seismic actions is evaluated by means of the results
reported for the structure-foundation risk. However, these latter results
are corrected to consider also the strategic function of the bridge in the
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Fig. 16. Structure-foundation (SF) and Seismic (S) classes of attention of bridges: (a) highway A18 and (b) highway A20. Notes: L. = Low, ML = Medium-Low, M =
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case of seismic events.

Both highways A18 and A20 are classified as strategic because they
must be efficient in the case of emergency. Therefore, the exposure of
the examined bridges to seismic actions is evaluated by increasing by
one level that associated with static and geotechnical actions (see
Fig. 14).

6. Classes of attention of bridges

The structure-foundation and seismic CoAs are estimated for each
bridge of highways A18 and A20 combining hazard, vulnerability and
exposure. All the possible combinations of values of these three aspects
of risk are graphically reported in Fig. 15 by means of five matrixes, one
for each level of hazard (high, medium-high, medium, medium-low and
low). In these matrices, vulnerability and exposure levels are reported in
rows and columns, respectively.

In Fig. 16, the pie charts show that the CoA related to seismic actions
(CoA-S) is generally higher than the CoA related to static and geotech-
nical actions (CoA-SF) for the bridges of highways A18 and A20. This is
due to the evaluations of the different components of risk, i.e. hazard,
vulnerability and exposure. The hazard related to static and geotech-
nical actions depends on the traffic loads frequency and, as detailed in
Section 4.1, is much higher on highway A18 than on highway A20. The
seismic hazard, instead, is affected by the seismicity of the area of the
bridge in terms of both PGA and soil class (see Section 5.1.1). As ex-
pected, the vulnerability of the bridges to static and geotechnical actions
and to seismic actions mainly depends on the level of defectiveness of
bridges. The exposure to seismic actions is higher than the one to static
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and geotechnical actions due to the strategic function of the examined
bridges in the occurrence of catastrophic events, e.g. earthquakes.
Overall, the approach of the IBG appears to be rather severe in the
evaluation of the CoAs of the two stocks of bridges considered, as it leads
to medium-high CoAs also for bridges with a medium-low level of
vulnerability (see the pie charts in Fig. 16). This result is in accord with
what observed by Santarsiero et al. [27] from the study of a limited stock
of data.

In addition, the application of the procedures proposed by the IBG
appear to be inefficient in identifying a small number of bridges
requiring more detailed and more onerous investigations, as 56 and 114
out of the 358 bridges of the two highway sections are classified as in
high CoA-SF and CoA-S, respectively. Moreover, the authors remind that
bridges with post-tensioned strands, bridges in areas with evidence of
flooding, erosion and landslides, or recognized as having a high
hydrogeological risk, or bridges with potential problems caused by their
structural type and /or material should be preliminary subjected to
special inspections and that, as a function of the result of these special
inspections, some other bridges could be destined to the fourth level of
analysis, i.e. to the rigorous numerical assessment of the bridge safety.
The cost of such analyses on such a large number of bridges is often not
compatible with the budget of the management companies.

7. Prioritization of interventions
The absence of gradations within the group of bridges falling into a

same class of attention makes refined investigations or interventions
difficult to prioritize. Further, any detailed analysis of the results of the

(b)

@ passive humidity spots

ca-cap_| @
ca-cap_10
ca-cap_l1
ca-cap_12
ca-cap 13 =0
ca-cap 15
ca-cap_l6
ca-cap_18
ca-cap_19
ca-cap_2
ca-cap_23 -
ca-cap_25
ca-cap 3
ca-cap 4
ca-cap_5
ca-cap_6
ca-cap_7
ca-cap_8
ca-cap 9
dif-gen 1
dif-gen_2
dif-gen_3
ril-fond_1
ril-fond_2
ril-fond 3
ril-fond 4

@ uncovered / oxidized stirrups

@ : 5 7
e @ active humidity spots

@ @ @
spalling
&0
= oxidized rebar

traces of rainwater drainage
@ @ -

I Slabs
| Piers
I Abutments

[ [ | | I
0 0.1 0.3 0.4

0.5
GDI

Fig. 17. Group Defect Index for bridges of highway A18: (a) PC and RC beams, (b) slabs, piers and abutments.
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visual inspections on such or other groups of bridges should consider
that management companies are generally inclined to carry out the same
type of maintenance intervention on a group of bridges, more than on a
single bridge, to reduce economic and social costs. Because of this, the
data referring to the defects detected by visual inspection are analysed
here to identify the defects that are mostly influential on the defec-
tiveness of the selected group of bridges. To this end, the results of the
visual inspections are elaborated to obtain a Group Defect Index (GDI)
inclusive of extension, intensity and importance grades of defects.

To evaluate the group defect index, two indexes (K; and K3) are first
calculated for each defect detected on the considered group of bridges to
incorporate the weight of the extension or intensity grade factor (k; and
ko) of the examined defect. The two indexes are calculated by means of
the following relation:

_ >Ny

K;
Ny

(€Y
where i (=1, 2) indicates the considered factor (extension or intensity),
Nii,1 is the number of times a defect with assigned values of the extension
or intensity grade factor (I = 0.2, 0.5 or 1.0) has been detected in the
considered group of bridges and Ny, is the number of bridges where the
specific defect could be detected, e.g. referring to corrosion of structural
steel (defect “acc_10") the variable Ny, is equal to the total number of
bridges with steel-concrete decks.

Then, to add the effects of extension and intensity grades to the grade
of importance of the defect, the GDI is defined for each defect as:

GDI = (G/Gax) VK1 K>

where Gy is the maximum grade of importance of defects, i.e. 5.

For each defect detected in the considered group of bridges, GDI
returns a value (ranging from O to 1) that reflects the influence of the
defect on the level of defectiveness of the group of bridges. Involving the
grades of extension, intensity and importance of the defect, the GDI
provides information about the priority of interventions that are mostly
useful to mitigate the defectiveness of the selected group of bridges. It
should be noted that the two indexes (K; and K5) are normalized to the
number of bridges that may suffer from the examined defect. Owing to
this, the consequent value of GDI does not depend on such a number of
bridges and values of GDI referring to different groups of bridges can be
effectively compared to prioritize interventions. As an example, the
values of GDI are calculated here with reference to all the bridges on
either the highway sections (A18 or A20). The results are reported in
figures with reference to specific bridge elements, e.g. beams or piers,
and with reference to the defects considered in the visual inspection
forms provided by IBG for the different elements. The meaning of the
labels referring to the considered defects is reported in Appendix A.

The defects of the PC and RC beams of the bridges on highway A18
are considered in Fig. 17a. The defects with the highest GDI values
(lower than 0.50) involve the external concrete layer of the beams, as
previously observed. Specifically, the highest values of the index refer to
water traces due to inefficient rainwater drainage systems (dif-gen_1),
passive (ca-cap_1) and active (ca-cap_2) humidity spots, erosion of the
external layer of concrete (ca-cap_3), spalling of the concrete cover (ca-
cap_5) and oxidized and corroded rebars (ca-cap_6). The defects on
slabs, piers and abutments of bridges on highway A18 are considered in
Fig. 17b. The defects that are characterized by the highest values of GDI
(lower than 0.35) are almost the same as those of PC and RC beams. In
particular, the GDI values of the most significant defects on slabs, piers
and abutments range from 0.10 for traces of rainwater drainage (dif -
gen_1) of concrete slabs to about 0.35 for concrete washout (ca-cap_3) of
abutments. Defects characterised by deterioration due to erosion of the
external layer of concrete (ca-cap_3) of slabs and piers and oxidized
rebar (ca_cap_6) of concrete piers have values of GDI between 0.15 and
0.20. These results highlight an overall high priority of interventions,
intended to mitigate the effects of inefficient rainwater drainage

(2)
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systems, on RC beams as well as on slabs, piers and abutments. The
contribution of the single bridge to the product K; K5 can provide further
guidance in identifying the bridges of the selected group that are
suffering mostly from the examined defect.

The values of GDI for defects on SC beams, bearings and expanded
joints of the bridges on highway A18 are reported in Fig. 18. The GDI is
low in all the considered bridges, indicating that these defects have a
small influence on the defectiveness of the considered group of bridges.
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Fig. 18. Group Defect Index for bridges of highway A18: (a) SC beams, (b)
bearings and (c) expanded joints.
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Only the defect corresponding to the absence of waterproofing or to the
presence of a permeable waterproofing membrane (giunt 9) and the
defects corresponding to peeling of paint (acc_3), corrosion and oxida-
tion of structural steel (acc_10 and acc_11) reach a GDI value equal or
higher than 0.20.

The defects on the PC and RC beams of the bridges on highway A20
are considered in Fig. 19a. The trend of GDI is almost the same as for the
bridges on highway A18. As for the beams of the bridges on highway
A18, the values of GDI referring to defects typical of the external layer of
concrete are higher in PC than in RC beams. The maximum GDI is ob-
tained in PC beams for water traces due to inefficient rainwater drainage
systems (dif-gen_1). The level of defectiveness of the concrete slabs,
piers and abutments (Fig. 19b) belonging to the considered bridges on
highway A20 is often lower than that of the bridges on highway A18.
However, some GDI values are still in the range from 0.15 to 0.35.
Maintenance interventions intended to mitigate the effects of these de-
fects are to be scheduled.

Finally, the GDI values referring to defects of bearings and expanded
joints of the bridges on highway A20 are reported in Fig. 20. The values
of GDI are lower than 0.02 for defects of bearings and lower than 0.10
for defects of expanded joints, indicating a low priority for interventions
on expanded joints.

8. Conclusions

The paper presents the experimental results obtained from the
application of the approach proposed by the Italian Guidelines on risk
classification and management, safety assessment and monitoring of
existing bridges (IBG). The procedures for risk classification have been
applied to a bridge stock of 358 in-service bridges located along two
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highways of the Sicilian region (southern of Italy). The results of the
census activity and visual inspections, performed by expert inspectors,
have been preliminary checked by means of an automatic algorithm in
order to correct errors of the inspectors or misinterpretations of the IBG.
Then, the data have been stored in a customized web application to
facilitate the query of the database and the analysis of the data.

In the first part of the experimental survey, building technology and
materials of the considered bridges have been censed. Most of the
examined bridges were built more than 50 years ago with the pre-
stressed concrete technology (pre-tensioned or post-tensioned); how-
ever, the considered highway sections also include some reinforced
concrete bridges and a small quota of steel-concrete bridges. All these
bridges are strategic in the case of emergencies following disastrous
events.

The performed visual inspections have led to the main conclusion
that the most widespread defects imply cracking and spalling of the
concrete cover of the reinforced concrete members and are mainly due
to scarce maintenance of the structures during past years.

The application of the Italian Bridges Guidelines to the results of
census and visual inspection, instead, has led to the following main
observations and proposals:

- The guidelines introduce a class of critical elements, which includes
(i) elements that are particularly prone to degradation phenomena
and whose damage may affect the global structural behaviour of the
bridge and (ii) extended states of damage or particular conditions
that may impair the statics of the bridge. The effects of any damage
(of medium or even low intensity) on a so-called critical element or
the presence of the above-mentioned critical conditions is significant
on the results of the visual inspections because it leads to high levels
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Fig. 19. Group Defect Index for bridges of highway A20: (a) PC and RC beams, (b) slabs, piers and abutments.
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of vulnerability and, then, to high levels of the Class of Attention.
Further, the guidelines offer only some examples of critical elements
and leave the users of the guidelines the responsibility to identify all
the critical elements of the inspected bridges. This is because the
critical elements of a bridge are stated as dependent on the bridge
typology. To estimate the effects of a critical element on the level of
defectiveness of the bridge more accurately, the authors suggests
that the effect should be related to the effective level of degradation
of the critical element as a function of extension and intensity grades
of the defect. Referring to the examined bridges, the list of the ele-
ments and conditions that are assumed to be critical has been clearly
reported, with the introduction of damage conditions that were not
offered as critical in the guidelines.

The structure-foundation and seismic classes of attention are high in

22% and 36% of the inspected bridges. This result identifies as

mandatory a detailed structural and seismic assessment activity on a

large number of bridges.

- A Group Defect Index has been proposed to programme interventions
on groups of bridges and reduce economic and social costs. This
index allows management companies to rank groups of bridges
through aggregation of data referring to the detected defects in a
single numerical index. For each group of bridges, the Group Defect
Index considers extension and intensity grades that are weighted
with respect to the number of times they have been detected for a
specific defect and with respect to the normalized grade of impor-
tance of the defect.
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