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Abstract: This paper presents the development and analysis of a bridge bearing database
consistent with the 2020 Italian Guidelines (LG2020), currently enforced by the Italian law
for risk classification and management of existing bridges. The database was developed
by putting together the contribution of 24 research teams from 18 Italian universities in
the framework of a research project foreseen by the agreement between the High Council
of Public Works (CSLP, part of the Italian Ministry of Transportation) and the research
consortium ReLUIS (Network of Italian Earthquake and Structural Engineering University
Laboratories). This research project aimed to apply LG2020 to a set of about 600 bridges
distributed across the Italian country, in order to find possible issues and propose modifica-
tions and integrations. The database includes almost 12,000 bearing defect forms related
to a portfolio of 255 existing bridges located across the entire country. This paper reports
a preliminary analysis of the dataset to provide an overview of the bearings installed in
a significant bridge portfolio, referring to major highways and state roads. After a brief
state of the art about the main bearing types installed on the bridges, along with inspection
procedures, the paper describes the database structure, showing preliminary analyses
related to bearing types and defects. The results show the prevalence of elastomeric pads,
representing more than 55% of the inspected bearings. The remaining bearings are pot,
low-friction with steel–Teflon surfaces and older-type steel devices. Lastly, the study pro-
vides information about typical defects for each type of bearing, while also underscoring
some issues related to the current version of the LG2020 bearing inspection form.

Keywords: bridge bearings; neoprene pads; infrastructure management; structural
degradation; inspections

1. Introduction
Bridges are critical components of the transportation infrastructure, providing essential

connectivity and facilitating the flow of goods and people. The aging of infrastructures
has become an increasingly pressing issue for authorities worldwide. As bridges reach or
exceed their design life, the importance of routine inspections and maintenance measures
becomes paramount [1].

Recent bridge collapses such as the Polcevera one [2] led to the enforcement in Italy
of an organic document for bridge management, namely the Italian Guidelines for risk
classification and management, safety assessment and monitoring of existing bridges [3,4],
hereafter referred to as LG2020, in agreement with the Italian Building Code [4,5]. This
document was further updated in July 2022 [6] and foresees a multilevel approach for
bridge risk assessment [7], in which, at level 1, inspection forms must be filled in for every
structural element in the bridge. The final aim of LG2020 is to set up a homogeneous bridge
management system among different road management bodies and provide a reliable
decision-making tool [8].

Among the integral parts of a bridge structure, bearing devices (or bearings) play a
crucial role in maintaining structural integrity by allowing controlled movements [9] and
effectively distributing loads across the bridge. Like other elements (i.e., half-joints [10]),
bearing devices are also recognized as failure critical regarding the overall safety of the
structures. In fact, they connect the superstructure to the substructure, accommodating
forces and displacements caused by temperature changes, traffic loads, and environmental
factors [11]. However, bridge bearings are susceptible to deterioration over time due to
exposure to harsh environmental conditions, aging, and continuous operational stresses.
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Such deterioration can lead to significant safety concerns, potentially compromising the
overall functionality and safety of the bridge.

In this context, monitoring and assessing the condition of bridge bearings is essen-
tial for ensuring long-term safety and durability as well as seismic performance require-
ments [12]. As an example, in [13], a simplified procedure for preliminary verification of
bearings in existing bridges is proposed by only comparing the design loads according to
outdated codes and those prescribed by the current code. In this way, a performance index,
generally lower than unity, can be obtained.

However, LG2020 give crucial importance to inspection activities. Although bridge
inspections are part of common practice, inconsistencies in inspection methodologies
and the subjective nature of defect assessments pose challenges to achieving reliable
evaluations. Variations in assessment criteria, documentation standards, and levels of
expertise among inspection teams can lead to discrepancies in reporting and ultimately
hinder effective maintenance and repair strategies. Different strategies in recognizing failure
critical elements and damage states can play a key role in guaranteeing infrastructure safety
and operational capacity [14]. In some cases, to overcome the subjectivity of the evaluations,
automated methods based on artificial intelligence are proposed to reliably perform bearing
recognition and damage detection, even though this is heavily influenced by the availability
of previous images with correct annotations made by skilled engineers [15].

Currently, LG2020 is undergoing an experimental phase with the support of the
ReLUIS Consortium (Network of University Laboratories of Seismic and Structural
Engineering—https://www.reluis.it). Although the methodology is based on scientific
and technical expertise, it is being applied for the first time in Italy and therefore requires
monitoring and potential revisions to enhance its efficiency.

The project, which is still ongoing, involves over 500 researchers from universities and
research centers and is organized into the following five Work Packages (WPs):

• WP1: Scientific and administrative coordination.
• WP2: Application of LG2020 to a bridge stock.
• WP3: Analysis, review, and update of LG2020.
• WP4: Experimental testing of structural and/or special components.
• WP5: Special topics/projects.

Specifically, four WPs (2 to 5) focus on technical and scientific insights related to
(i) the structural safety of infrastructures, (ii) hydraulic and landslide risk aspects, and
(iii) technological and digital innovations useful for the effective management of infrastructures.

WP2, on the other hand, is specifically dedicated to the application of LG2020 to
approximately 600 structures on the most representative motorway sections (managed
by both private concessionaires and ANAS, i.e., the Italian public state road company)
and about 50 structures managed by local authorities. This structure, which integrates
research, experimentation, and practical applications, allows for a multidisciplinary and
comprehensive approach to the challenges associated with the safety and maintenance
of infrastructures.

Therefore, exploiting data collected in WP2 (involving 36 research institutions out of
which 31 are universities), this study addresses the challenge of improving inspection and
condition assessment procedures by proposing the development of a systematic database
for the classification and management of bridge bearing conditions. For the purpose of
this study, 24 research teams (RTs) from 18 universities provided data useful to build
the database.

This paper illustrates preliminary analyses of the dataset in order to provide a picture
of the bearings installed in a significant bridge stock related to highways and state roads.
In particular, Section 2 reports a brief state of the art about the main bearing types installed

https://www.reluis.it


Infrastructures 2025, 10, 69 4 of 15

in bridges along with inspection procedures, Section 3 describes the database organization,
and Section 4 shows preliminary analyses related to bearing types and defects.

2. Review of Bearing Devices and Inspection Procedures
Bearing devices (or bearings) in bridges are essential for achieving the optimal restraint

system for the deck as designed, with the following objectives:

• To transfer the actions from the deck (vertical and horizontal loads) to the substructures
(abutments and piers).

• To allow thermal expansion, other instantaneous or time-dependent deformations of
deck, and potential seismic displacements in longitudinal and transverse directions.

• To enable the designed rotations of beams.

It is important to note that two types of restraints can be used: a horizontally rigid
(or fixed) restraint (infinite horizontal stiffness) or a horizontally flexible (or movable)
restraint with finite horizontal stiffness. Additionally, bearings must always allow rotation
around the transverse axis of the bridge (perpendicular to the axis of the deck, referred to
as main rotation) to accommodate normal flexural deformations of the deck. Vertically, the
restraint must always be considered rigid and capable of fully transferring loads. Finally,
the combination of fixed and movable restraints should be capable of creating at least an
isostatic condition with respect to horizontal displacements, allowing appropriate thermal,
viscous, and shrinkage deformations.

Figure 1 shows the six main types of bearings in existing bridges, grouped by mate-
rial and restrain type. The typological analysis of the bearings in the database refers to
the general classification of bridge bearings in the literature [9] and considers findings
from various site inspections conducted by the authors as part of both the present and
previous projects.

1. Cylindrical pin (1): Shows a steel bearing provided with a cylindrical surface that
does not allow horizontal movements, while resisting vertical loads and permitting
main rotation.

2. Roller bearing (2): It is a cylindrical roller that allows horizontal movement along one
axis, with main rotation permitted, while resisting vertical loads.

3. Elastomeric bearing (3): It is a laminated elastomeric (usually neoprene) bearing,
which permits both horizontal displacements, main rotation, and provides high
vertical stiffness. In some cases, especially the first applications dating back to the
1950s, these pads could not be provided with steel sheets (plain elastomeric pads).
These bearings are less widespread due to their reduced durability.

4. Pot bearing (5): It is made by an elastomeric pad confined within a steel pot, allowing
rotation around multiple axes with no horizontal movement.

5. Steel–Teflon spherical bearing (4): A bearing where two spherical low-friction surfaces
made of stainless steel and Teflon, respectively, allow rotation in multiple directions,
restraining horizontal displacements while supporting vertical loads.

6. Pot with planar steel–Teflon surfaces (6): Shows a pot bearing allowing for rotational
movement and horizontal steel–Teflon surfaces that allow displacements in one or
every horizontal direction. Although there is a pot, it is classified as steel–Teflon since
the latter affects the main restrain capability.

Even though the types of bearings are much more, these could be referred to as the
most widespread across the Italian bridge stock, also based on the collected data, which
will be shown later.

Figure 2 shows some samples of bearings photographed during the inspections on
the bridge subjects of this project. Figure 2a is related to a laminated elastomeric bearing
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with light degradation signs on a vertical surface; Figure 2b represents a pot bearing with
no visible degradation; and Figure 2c shows a heavily corroded steel roller installed in a
half-joint belonging to a Gerber bridge. Lastly, Figure 2d depicts a recently installed bearing
with planar multidirectional steel–Teflon surfaces.
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Figure 3 shows the level 1 inspection form to be filled in the framework of the LG2020
approach. As can be seen, the form header contains fields to record information such as
the bridge identification number, road name, kilometer marker, inspector’s name, and
inspection date. Furthermore, the form includes the following fields:

• N◦: Identification code for each type of defect.
• Defect Description: Lists potential defects that may be observed in the bearings,

including “Deformed base plate”, “Oxidation”, “Locking”, “Crushing/Lead plate
extrusion”, etc.

• Seen: A checkbox column to mark whether the defect has been searched.
• G: A numerical indicator to assess the severity of the defect (values range from 2 to 4

even though, for other types of elements, it ranges from 1 to 5).
• Extent K1 and Intensity K2: Fields with checkboxes to rate the extent and intensity of

the defect on a scale from 0.2 to 1.
• N◦ photos: Number of the photos taken to document the defect.
• PS, NA, NR, NP: Columns for other specific indicators (PS, statical impair; NA, not

applicable; NR, non-inspectable; NP, defect absent).
• Notes: Space for additional comments.
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More specifically, as for the sections devoted to describing the bearing defects, is the
following can be reported:

• General bearing defects: Covers issues common to several types of bearings, like
deformed base plates, oxidation, and debris presence.

• Elastomeric (neoprene) bearing defects: These pertain to neoprene-specific issues, such
as aging or crushing/bulging.

• Pendulum and metallic roller defects: Includes defects like the ovalization of metallic
rollers or degradation of reinforced concrete pendulums.

• Generic bearing defects: Includes deterioration of components such as Teflon.
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This form allows for systematic classification and evaluation of various defect
types observed in bridge bearings, facilitating data collection for the assessment of the
structural conditions.

However, it must be noted that the form does not include a specific field devoted
to identifying the typology or to report a textual description of the bearing at hand and
a section dedicated to steel–Teflon bearings. This means that only if a defect related to
a precise bearing type is reported, the inspected bearing can be attributed to a bearing
typology. On the contrary, if only a general defect is reported (e.g., App_5, presence
of debris), no type can be attributed to the device. This can impair the continuity of
information between consecutive inspections.

It has to be noted that the level 1 form is accompanied by an abacus of defects in
which each defect is described through pictures and a textual explanation is provided also
highlighting the possible causes and correlated phenomena.

3. Database Organization
Within the research project, a database was prepared regarding the bearings installed

on the bridges studied in WP2. Information on the bearings was collected through a
specially designed Excel form, distributed to all the involved research teams (RTs), with the
data structure shown in Figure 4.
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General information about the structure to which the bearing belongs (General Data)
and its location were collected, using the data contained in level 0 forms. In addition,
information regarding the design data and standards of the structure and bearings, details
on bearing geometry and type in terms of primary material, restraining actions, func-
tional principle, as well as a textual description of the device, are included. Finally, the
form required listing any defects found (referencing level 1 “Bearings” forms). Up to six
concurrent defects on a single bearing could be recorded, along with their extension and
intensity values, according to the inspection form. Subsequent analysis showed that the
maximum number of defects reported as simultaneously present on a single bearing did
not exceed five.

Figure 4 illustrates a data source overlap in terms of typological data, which may be
collected from either available project documents or level 1 forms. If the latter case arises,
knowledge of the bearing type does not explicitly derive from a form field but rather from
the defect type, which may, in some cases, be specific to a single type of bearing and not
applicable to multiple types. For instance, the defect “App_7—Neoprene aging” indirectly
indicates that the bearing is made of neoprene. As mentioned before, the absence of a
dedicated textual description field for bearing type limits the analysis of degradation and
possible proactive actions to mitigate its effects.

4. Database Analysis
The current version of the database contains approximately 12,000 bearings installed

on 255 bridges and viaducts (geolocated in Figure 5), with data collected from the 24 RTs
involved in WP2. The studied structures are fairly well distributed across the Italian
country, though some regions currently have limited data. Figure 5a shows the geolocation
of the bridges which the bearings belong to while Figure 5b reports a colormap related to
the number of bearing forms collected in each of the 20 Italian regions. As shown, only
five regions are not covered in the database (represented in gray). The regions from which
the highest number of bearing forms were collected are Tuscany and Emilia-Romagna in
central–northern Italy.
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Regarding the construction periods, Figure 6 shows the distribution across the pe-
riods from pre-1961 to post-2000. Most bridges were constructed in the period 1971–80
(79 structures) while 1961–70, and from 1991 onwards, present almost the same number
of bridges, around 40. The least covered periods are <1961 and 1981–90. There is also a
share of bridges lacking this information (19 structures identified as N.D.). This means
that for some bridges, due to the poor availability of design documents, even a basic piece
of information like the construction period is missing. This aspect can impair the bridge
knowledge necessary for detailed assessment activities and intervention planning necessary
for effective bridge management. However, it is assumed that the age of the bearings is the
same as that of the bridge they belong to, since some of the bridges may have undergone
bearing replacement interventions, which are beyond our current knowledge.
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4.1. Bearing Types

With respect to the classification of Section 2, some bridges may have seismic isolation
or supplemental damping devices, which are largely absent from this database and are
therefore not included in the subsequent classification.

Figure 7 shows the percentage presence of each type of bearings within the available
database. Out of the 11,984 bearings, 55.0% are elastomeric pads (plain or reinforced),
15.35% feature steel–Teflon surfaces, 16.56% are pot bearings (confined elastomeric disks),
and 8.98% are entirely steel. In a few cases, seismic isolators or other types of bearing are
installed (e.g., reinforced concrete pendulums). These latter are classified as “other” and
represent 1.13% of the total. Moreover, 2.89% are bearings for which the typology is not
identified (N.D. in Figure 7).

The frequent use of elastomeric bearings likely results from their ease of installa-
tion [11], which in most cases, did not require mechanical anchors for the connection
to the substructure and superstructure, relying solely on friction. This also allowed the
possibility to easily install the deck structure, permitting higher flexibility during the
lunching operations.
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As shown in Figure 8, the ease of installation of elastomeric pads made them the
preferred ones for bridges built before 1980, although they were used also after that period.
The use of pot bearings started in the 1970s but had a wider diffusion after 1980. It is
well-known that steel bearings were the first used in bridge applications, and based on
this database analysis, were mostly used before 1980, even though they are also present
in bridges built after 1990. However, they have a significant share with the unknown
construction period that could be likely attributed to earlier periods (e.g., <1970). Steel–
Teflon bearings, although present before 1970, were widely used after 1980.

Infrastructures 2025, 10, x FOR PEER REVIEW 11 of 16 
 

 

Figure 8. Percentages of bearing types by bridge construction period. 

Based on these data and the consolidated knowledge about bridge bearings [9], Fig-
ure 9 shows the possible periods when each bearing type was widely used in bridges. 
Starting from the post-World War II era (1950s), steel bearings were gradually replaced 
by elastomeric devices, initially plain and later laminated. After the introduction of elas-
tomeric devices using neoprene for greater durability, steel–Teflon and pot bearings were 
introduced. Figure 9 also reports on the use of isolation and dissipation devices which are 
negligible in this database and not covered in previous Figures 7 and 8. 

 

Figure 9. Chronological order of bearing types adopted in bridges. 

This latter points out that a relevant part of the research regarding the effects of bear-
ing aging of the overall bridge static and seismic response should be devoted to structures 
featuring elastomeric bearings [16], which are the most widespread, at least in highway 
and state road bridges belonging to the studied dataset. In fact, current research has been 
focused on evaluating the vertical stiffness [17], considering new elastomer compounds 
able to reduce aging effects [18,19,20], but only a few researchers faced the problem of 
performance evaluation of aged elastomeric bearings in terms of device and as part of an 
existing bridge structure [11]. 

4.2. Defect Distribution and Analysis 

For each bearing type in the database, distributions of various identified defects were 
determined based on the level 1 “Bearings” form (Figure 3). The reported percentages are 
related to the number of each bearing type in the database. For some bearings, the defect 
did not match any category on the form, so the “other” option was used by the inspector 
and specified in the notes. As mentioned before, the level 1 form does not feature a dedi-
cated field for textual bearing type descriptions, so this information sometimes must be 
inferred from the defect type, which is not always possible. The defect distribution for 
each type of bearing is shown in Figure 10. 

Bearing Type 1950 1960 1970 1980 1990 2000 2010 2020
Steel
Plain elastom. pads
Laminated elastom. pads
Steel-Teflon
Pot
Isolation / dissipation devices

Figure 8. Percentages of bearing types by bridge construction period.

Based on these data and the consolidated knowledge about bridge bearings [9], Figure 9
shows the possible periods when each bearing type was widely used in bridges. Starting
from the post-World War II era (1950s), steel bearings were gradually replaced by elas-
tomeric devices, initially plain and later laminated. After the introduction of elastomeric
devices using neoprene for greater durability, steel–Teflon and pot bearings were intro-
duced. Figure 9 also reports on the use of isolation and dissipation devices which are
negligible in this database and not covered in previous Figures 7 and 8.
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This latter points out that a relevant part of the research regarding the effects of bearing
aging of the overall bridge static and seismic response should be devoted to structures
featuring elastomeric bearings [16], which are the most widespread, at least in highway
and state road bridges belonging to the studied dataset. In fact, current research has been
focused on evaluating the vertical stiffness [17], considering new elastomer compounds able
to reduce aging effects [18–20], but only a few researchers faced the problem of performance
evaluation of aged elastomeric bearings in terms of device and as part of an existing bridge
structure [11].

4.2. Defect Distribution and Analysis

For each bearing type in the database, distributions of various identified defects were
determined based on the level 1 “Bearings” form (Figure 3). The reported percentages
are related to the number of each bearing type in the database. For some bearings, the
defect did not match any category on the form, so the “other” option was used by the
inspector and specified in the notes. As mentioned before, the level 1 form does not feature
a dedicated field for textual bearing type descriptions, so this information sometimes must
be inferred from the defect type, which is not always possible. The defect distribution for
each type of bearing is shown in Figure 10.
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For elastomeric bearings (Figure 10a), the most frequent defect is App_7 (neoprene
aging, related to surface microcracking or delamination), followed by App_5 (presence of
debris), then App_2 (oxidation), and App_9 and App_8 (neoprene crushing/extrusion and
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excessive horizontal deformation) are present. Inspectors occasionally report defects not
covered in the bearings form, such as damaged/degraded bearing supports (Figure 11).
Although this defect is not directly related to the bearing device, it can affect its correct
operation and, therefore, should be considered among the defects of bearings, highlighting
those that need restoration interventions. A similar issue can be detected for the members
supporting or directly related to bearing devices in Gerber bridges (also referred to as
cantilever bridges) (e.g., [21]) as, for example, the half-joints.
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support (from Authors’ inspection).

In several cases, it was observed that assigning the App_7 defect (neoprene aging)
does not always correspond visually to the photograph analysis, suggesting the need for a
more precise defect definition in the abacus of defects. In fact, aging of a neoprene bearing
is usually accompanied by microcracks or delamination visible on its lateral surfaces.
Although neoprene is a synthetic rubber compound with excellent resistance to chemicals
and weathering, its resistance can be impaired by cyclic loading and thermal aging, which
could also cause, in the worst case, delamination. The latter, in turn, can determine even
a loss in the vertical load bearing capacity with severe consequences on structural safety.
Therefore, a careful aging assessment is needed, based on a hands-on inspection and good
quality images, making further evaluations possible after the inspection.

For pot bearings (Figure 10b), App_2 (oxidation) is by far the most prevalent, observed
in over 72% of cases, with App_4 (improper pre-setting) occurring around 9.3%, while other
defects are either absent or negligible. For steel bearings (Figure 10c), some considerations
made for elastomeric bearings apply. In fact, almost 80% feature oxidation, and about 6%
are affected by App_5 (presence of debris), which, among minor defects, appears most
frequently. The presence of App_7 is clearly attributable to form entry errors since steel
bearings do not have neoprene parts.

Finally, for bearings with steel–Teflon surfaces [22] shown in Figure 10d, the most
common defect is App_2 (Oxidation), affecting more than 53% of devices, with a significant
presence of App_14 (Teflon degradation) with 10.7%, App_5 (presence of debris) with
5.4%, and App_4 (improper pre-setting) with 3.4%. Additionally, for these bearing types,
the notes often report defects like “Loose bolts”, with known issues of anchoring pins
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potentially breaking or shearing and sliding surfaces possibly scoring or deforming. A
minor defect related to these is the breaking of dust covers. These considerations point out
the need for a form section specifically dedicated to steel–Teflon bearings.

5. Conclusions
The developed database on bridge bearings, encompassing around 12,000 bearings

installed on 255 geolocated bridges across Italy, provides valuable insights into their
typology, reported defects, and their respective distribution. This database, contributed by
24 research teams, highlights the regional variations in data availability and emphasizes
the dominant use of elastomeric bearings in Italian bridges, particularly those constructed
before 1980. The geolocation and temporal distribution of bridges in the database highlights
that most bridges date back to 1971–1980, with fewer constructed during earlier (<1961)
or subsequent (1981–1990) periods. Notably, 19 structures lack construction dates due to
missing design documents, which could hinder detailed assessments.

The database categorizes bearings into elastomeric pads (55.0%), pot bearings (16.56%),
steel–Teflon bearings (15.35%), and steel bearings (8.98%). Elastomeric pads, characterized
by their ease of installation, dominate older bridges. In contrast, pot and steel–Teflon
bearings gained prominence after 1980. Steel bearings, initially prevalent, were largely
replaced by elastomeric bearings due to advancements like neoprene compounds that
enhanced durability. The chronological analysis highlights the evolution of bearing types,
indicating a shift towards more durable and efficient designs.

Defect distributions reveal varying vulnerabilities among bearing types. Elastomeric
bearings show frequent aging (App_7), debris accumulation (App_5), and oxidation
(App_2). Pot bearings are relatively resilient, with 23% free from defects, although oxida-
tion (App_2) is prevalent in 72% of cases. Steel bearings suffer from similar defects, notably
oxidation (80%), reflecting their exposure to environmental agents. Steel–Teflon bearings
exhibit issues like Teflon degradation (App_14), though 40% remain defect-free, attributed
to their concealed design offering better protection.

Older bearings, particularly elastomeric and steel types, exhibit higher defect rates
due to prolonged exposure to environmental agents. Conversely, pot and steel–Teflon
bearings, with better-protected components, show lower defect rates. Misclassifications in
defect reporting, such as neoprene aging assigned to steel bearings, highlight the need for
clearer inspection protocols. Furthermore, dedicated form fields for steel–Teflon bearings
are necessary to capture specific defects like loose bolts or sliding surface deformations.

The analysis also highlights the need for targeted research on elastomeric bearings,
which are the most widespread yet exhibit significant aging-related performance issues.
The need for improved inspection guidelines and maintenance practices seems to be arising
from the analysis in order to enhance the long-term functionality and safety of bridges in
Italy. Furthermore, the results related to bearing types and defects may be used to address
the prioritization of activities related to both detailed assessment and interventions. Lastly,
comparisons with other international datasets could provide insightful suggestions about
the exploitation of data collected and analyzed through this study.

It must also be noted that the presented bearing typology and defectiveness analy-
ses lack information about the bridge typologies in which the bearings are installed. In
fact, data on bridge materials and span lengths would enable a better characterization
of degradation as a function of vertical and horizontal loads, as well as thermal expan-
sion effects that bearings must withstand. A possible future development of this work
could involve retrieving such information to facilitate a more comprehensive degradation
analysis, ultimately leading to more insightful recommendations for bearing management
and maintenance.
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