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Abstract

The Italian Guidelines issued by the Ministry of Infrastructure and Transportation are devoted to preventing damage on road bridges
caused by the lack of maintenance and, in turn, avoiding safety or service problems affecting the infrastructure network. The
multilevel approach foreseen by the Guidelines develops through the first three levels to attribute the Class of Attention, whose
result indicates subsequent steps for more detailed assessment and monitoring actions to be undertaken. One of these actions is the
preliminary verification which is performed by comparing stress values generated by the design load schemes used at the time of
construction with the ones obtained by applying the current code. In this paper, preliminary verifications are performed on a series
of simply supported girder deck models representative of the Italian state road bridges, obtained through a statistical study on a
bridge inventory. Therefore, some performance indices related to the main bridge components are obtained with respect to shear
and moment stresses for different bridge configurations in terms of the number of beams, span length, and carriageway width,
which can be useful for rapid preliminary assessments of similar bridges.
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1. Introduction

After the Polcevera Bridge collapse in Genoa (Italy), the Ministry of Infrastructure and Transportation issued the
Guidelines for the classification and management of risk, safety assessment and maintenance of existing bridges
through Decree No. 578 (on 17 December 2020) (Ministry of Infrastructure and Transportation, 2020). These
Guidelines represent a multilevel tool, (from level zero to five), allowing for the bridge assessment starting from the
territorial scale to individual structures.

Levels 0 to 2 allow to evaluate the class of attention (CoA) of the bridge considering four different risk types
(structure—foundation, seismic, flooding, and landslides). It is worth noting that the class of attention evaluation
considers the bridge's ageing and deterioration and, therefore, that the current state of an existing bridge is different
from that specified in the design documentation. The class of attention can assume the following results:

Low
Medium-Low
Medium
Medium-High
High

Based on the CoA result, further measures must be undertaken. For instance, periodic inspections are sufficient for
low and medium-low CoA values, but when the bridge has a medium or medium-high CoA, preliminary assessments
are necessary (Level 3 of the Guidelines). Based on the level 3 results, the managing body may decide whether a
detailed evaluation of the bridge (Level 4) is necessary, being mandatory in cases where the class of attention is high,
providing recommendations for preventive measures (Santarsiero et al. 2023b) and necessary interventions (Sassu et
al. 2023).

Previous research mostly concentrated on the evaluation of bridges according to the Guidelines from level 0 to level
2 (Santarsiero et al. 2021), considering the impact of maintenance on the durability of a bridge (Scalbi et al. 2022).
Costantino et al. (2022) set up a web platform for the management and analysis of existing bridges mainly focusing
on levels from 0 to 2.

Regarding level 3, related to the preliminary assessment of bridges, less research has been found. As an example,
the study by Buratti et al. (2019) made a parametric analysis to show the difference in bending stress values based on
both old standards used at the time of construction and the loading schemes according to the current Italian standard.
However, this study considered deterministic girder deck models for simply supported bridges and viaducts with four
different values of the carriage width and span length, without taking into account the transverse load distribution.
Moreover, self-weight was not considered in the evaluation as only traffic loads were taken into account.

In order to set a probabilistic study on the preliminary assessment of simply supported girder bridges, this paper
presents a parametric analysis of deck models defined through a statistical analysis of data collected in a database
including bridges along the highways (state roads) in four regions located in south Italy. The study has allowed to
obtain a series of graphs useful in comparing bending and shear stress values calculated according to old bridge load
regulations with those provided by the current code. This analysis considers bridge sections sampled through the Latin
Hypercube Sampling technique from several probabilistic distributions.

These results may be useful for rapid preliminary evaluations on bridges similar to those analysed in this study, for
both bending stresses and shear forces.

2. Bridge inventory

This study focuses on simply supported girder deck bridges along the highways of four southern Italy regions, i.e.
Basilicata, Calabria, Puglia and Campania (Santarsiero et al. 2023a). Therefore, box deck bridges are not considered
in this study. In regions without motorways, like Basilicata, highways are very important for the road transportation
network. Along these roads, bridges are mainly simply supported girder deck type with a rather high number of spans.
As a source of public information, Google Maps was used to find bridges along the main highways in Basilicata
(Google 2023). The total number of bridges was 163 (see Fig. 1a) and, for each structure, the following relevant
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information was retrieved as, for example, bridge name, length of the structure, number of spans, deck width, number
of deck girders, girder transverse spacing, structural material.

The bridge construction period was approximated to the road construction period, in order to establish the design
code used at the time of construction.

ASPI motorway network 3%

Other motorways 1960-1970

1970-1980

(a) (b)

Fig. 1. (a) Locations of the 163 bridges included in the database; (b) structural materials of 1960-1980 bridges managed by ASPI.

Most of the bridges have span lengths between 20 and 50 m, while only a few of them (4) have spans larger than
50 m. 36 bridges have spans under 20 m. 39 bridges have span lengths in the range of 20-30 m, and 67 bridges have
span lengths from 30 to 40 m. 17 bridges have span lengths in the range of 40-50 m. Based on this data, the subsequent
analyses assumed span length values from 20 to 50 m. This assumption is also in agreement with the study in reporting
that girder deck bridges have an average span length approximately equal to 33 m. In terms of structural material, 153
bridges out of 163 are prestressed concrete girder bridges. Therefore, the following procedure is specialized for this
type of bridges.

It is observed that the selected bridges have a number of deck beams varying from 2 to 16, but decks with 3, 4, 5
and 6 beams are more present having respectively 32, 36, 30 and 32 occurrences. Therefore, later on, only the bridges
with 3, 4, 5 and 6 beams are considered.

It is worth noting that preliminary assessments need to compare stress values computed according to traffic loads
related to different regulations. In this paper, the current Italian code, Ministerial Decree of 17 January 2018 (also
named DM2018) (Ministry of Infrastructure and Transportation, 2018), should be compared with outdated codes in
force before 2018, i.e. in the last 50-60 years. In particular, the code Circular n°384 of 14 February 1962 (Ministry of
Public Works, 1962), was used till 1980 for the construction of many important roadways and related bridges since it
was the period of maximum economic growth in ltaly.

Fig. 1b shows the shares of bridges for each deck material, namely, PRC (Prestressed Reinforced Concrete), RC
(Reinforced Concrete), SRC (mixed Steel-Reinforced Concrete) and MAS (Masonry) for the motorway
concessionaire Autostrade per L’Italia S.p.a. (Landolfo 2023). As can be seen, in both the 1960-70 and 1970-80
decades, the majority of bridges were built using the PRC system. It is expected that the relative shares of structural
materials in terms of total road length are even more unbalanced towards PRC since these structures are often multi-
span bridges. Based on this observation, for the sake of simplicity, level 3 assessment will be illustrated only for the
period 1960-1980, referring to the code Circular n°384 of 14 February 1962 (Ministry of Public Works 1962).

3. Load schemes
3.1. Circular n°384 of 14 February 1962

This standard considers first-category and second-category bridges. In the subsequent parametric study, only the
first category is accounted for to consider the highest values of traffic loads and obtain the most severe stress values.
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The load schemes described are as follows (Fig. 2): Load Scheme 1—Indefinite column of 12-ton trucks; Load Scheme
2—Isolated 18-ton road roller; Load Scheme 3—Compacted crowd at a rate of 400 kg/m?; Load Scheme 4—Indefinite
train of military loads weighing 61.5 tons; Load Scheme 5—Indefinite train of military loads weighing 32 tons; Load
Scheme 6—Isolated military load of 74.5 tons.

This code prescribed the use of a military load scheme (Schemes 4, 5 and 6) combined with a civilian load scheme
(Scheme 1), thus obtaining the heaviest conditions. These loads are arranged to cover lanes 3 m wide for the civilian
load scheme (Scheme 1) and 3.5 m wide for the military loads (Schemes 4, 5 and 6). Furthermore, a dynamic
amplification factor was used to consider the dynamic effects of traffic loads according to expression (1):
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Fig. 2. Military load schemes according to Circular n°384 of 14 February 1962.

Based on real bridge design documents, the self-weight of the deck typologies of bridges built referring to this code
was also evaluated in order to perform the subsequent preliminary assessment, accounting for all the dead and live
loads. More detail about this aspect can be found in (Santarsiero et al. 2023a).
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3.2. Ministerial Decree of 17 January 2018 (current Italian code)

This is the standard currently used for bridge design in Italy, providing guidelines for the design of road bridges.
The standard considers two types of bridges: first-category bridges and pedestrian bridges. In the following, only the
first-category bridges are considered since they allow any type of vehicle transit.

It foresees six load schemes, while the main load pattern used to design and check for global equilibrium and safety
is Load Pattern 1 (Fig. 3).
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Fig. 3. Load schemes according to DM2018.

No dynamic amplification factors are required, which are already accounted for in the loading schemes.

Load pattern 1 is applied along conventional lanes, having a width that depends on the carriageway width (w).
Moreover, the number of lanes (n) is computed using the indications reported in Ministry of Infrastructure and
Transportation (2018).

4. Deck typologies

To define a set of girder decks representative of the entire bridge database, three deck properties were considered,
namely (i) number of longitudinal girders, (ii) spacing between girders, and (iii) total deck width.
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Fig. 4. (a) Deck width probability distributions and (b) cumulative functions.
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These latter are statistically obtained by a sampling technique across the probabilistic distributions of the deck
properties above mentioned that are partially dependent on each other. It is assumed that the number of girders is an
independent variable while the deck width and spacing between girders are dependent variables.
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It is assumed that the deck width (w) has a Gaussian probability distribution. Considering the bridge database, and
the mean and the standard deviation values of w, the probability density functions can be obtained regarding w for the
different number of deck girders (n varying from 3 to 6), resulting in four probability distributions (Fig. 4a), also
reporting mean and standard deviation values. From the probability distributions, the cumulative functions were
determined (Fig. 4b), which allowed using Latin Hypercube Sampling (LHS) technique, representing a stratified
sampling, allowing for a statistically representative description of the stock, even with a limited number of samples.
The red dots in Fig. 4b represent different width values w, for each number of girders. This is done by splitting the
range 0-1 of the cumulative functions (vertical axis) into five intervals of equal width (having a size of 0.2).

Hence, five girder deck types are defined for each of the n values, which are therefore analysed considering four
values of the span length L (20, 30, 40, 50 m). Finally, 5 x 4 x 4 = 80 configurations are set in total (Fig. 5).
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Fig. 5. Deck types for the selected number of girders.
5. Level 3 assessment

Based on the above-illustrated deck typologies, the structural analysis in terms of bending and shear stresses is
carried out through the Courbon Engesser method (Petrangeli 1997), obtaining the design values that should have
been used at the time of the bridge design according to the outdated standard C1962 (Ministry of Public Works, 1962).
This allows to obtain the stress values acting on the external girder, which is the most stressed among the deck girders.
The stress values need to be computed also according to the current code Ministerial Decree of 17 January 2018
(Ministry of Infrastructure and Transportation, 2018).

A preliminary assessment is made through the definition of performance indices I, derived from the ratio between
stress values of the old code and those from the current code in terms of both bending (M) and shear stress (T), through
expressions (2) and (3) respectively:

M1962
Iy =22 2
M M2018 ()
T1962
Iy = 3
! T2018 ()

When I, and I are higher than 1.0, the design stress values are above those used for the assessment according to
the current code. Contrarily, values below 1.0 identify a design capacity gap. I, and I are representative of the main
girder structural performance under the assumption of no degradation phenomena (Masi and Santarsiero 2013).
Moreover, I gives indications not only on the shear design resistance of girders but also regarding the design vertical
action of bearing devices. The above-mentioned performance values for the 80 cases obtained using the 20 deck types
and the four span length values are shown on the vertical axis in the graphs of Figures 6 and 7, reporting the span
length on the x-axis.

Generally, I, (Fig. 6) increases with the span length, indicating that major flexural strength gaps are observed for
shorter bridges. No big differences are observed among the different schemes with the same number of girders except
when n = 3 for which some significant differences are observed at higher span length values. In terms of I, (Fig. 7)
the curve trends are almost the same, showing differences among schemes with the same n value (e.g. n =3 in Fig. 7)
that spread for high span length values.
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For bridges with a 30 m span length, I,, results averagely around 0.75, while at 40 m span length is about 0.80.
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For 30 m long spans, I is averagely near 0.80, while for 40 m spans is between 0.85 and 0.90. Therefore, the
shear strength gap is slightly lower than that related to bending moment stresses.

6. Conclusions

This paper presented a methodology for rapid level 3 assessment according to the Italian Guidelines for risk
classification and management, safety assessment and monitoring of existing bridges. These assessment activities are
necessary in case the class of attention result is medium or medium-high, and are performed by comparing the stress
values used for design purposes at the time of construction and those obtained by applying the current code. The
parametric analysis here presented is based on deck schemes obtained through a statistical analysis and sampling on
a purposely built database of bridges located in four southern Italy regions. The outdated code used in this study is the
one that was in force for about 20 years (from 1962 to 1980), which characterised the construction of the major bridge
structures in Italy. Performance indices are calculated for 20 deck types and 4 span length values in terms of moment
and shear. Shear performance indices are generally higher than bending moment ones. The former vary in the range
of 0.63-0.97, being higher for high span length values, while the latter are in the range of 0.61-0.95 and averagely
lower than those related to shear, highlighting a more significant gap. The results of this parametric analysis can be
helpful for rapid preliminary assessment of highway bridges with geometric features of the same type here considered.
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