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Abstract

Extraordinary maintenance, seismic improvement and retrofitting require an intensive design study and investigation of the state
of affairs. Some viaducts of the A6 Turin-Savona highway designed in the 1950s and built at the turn of the 1950s and 1960s are
examined. At the time of construction, intervention choices were oriented to a static scheme and geometries, probably at that time
considered optimized in terms of materials, execution time and operational ease. Structural geometries are now obsolete and it is
necessary to define an intervention strategy to obtain the design target, future maintenance and execution costs and time. This paper
aims to illustrate through case studies the different types of intervention highlighting the critical issues and different design
approaches for this type of existing viaducts.
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1. Introduction

In recent decades, the management of existing infrastructure has become a central issue in civil engineering,
particularly in countries with an extensive network of bridges and viaducts built during the post-war period. In Italy
many of these structures were designed and constructed between the 1950s and 1970s, according to design standards
and construction practices that differ significantly from those currently in force. As a consequence, extraordinary
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maintenance, seismic improvement and retrofitting interventions are increasingly required to ensure structural safety,
serviceability and durability.

Highway viaducts represent a particularly critical category of infrastructure due to their strategic importance, exposure
to environmental actions, increasing traffic loads and vulnerability to seismic events. In Italy, this issue is especially
relevant because a large portion of the motorway network was built during a period of rapid economic development,
when design criteria were mainly governed by static considerations and limited knowledge of seismic behavior.

This paper focuses on a series of viaducts along the A6 Turin—Savona motorway, designed in the 1950s and
constructed at the turn of the 1950s and 1960s. These structures are representative of the engineering approach of that
period, characterized by structural schemes and geometries that were considered optimized in terms of material
consumption, construction speed and operational simplicity. However, such solutions are now considered obsolete
when evaluated against modern safety requirements and performance-based design objectives.

The aim of this study is to illustrate, through selected case studies, different types of intervention strategies for existing
viaducts, highlighting critical issues, constraints and alternative design approaches. Particular attention is given to the
relationship between structural configuration, seismic performance, construction feasibility and future maintenance
needs.

2. Structural Typologies and Original Design Criteria

The viaducts examined in this study reflect the typical design philosophy adopted in Italy during the post-war
reconstruction period. Structural schemes were generally simple, repetitive and isostatic, and were intentionally
conceived to be easily adaptable to different geometric and topographical contexts. This approach allowed the same
structural solutions to be replicated along long motorway alignments, with limited modifications depending on local
conditions.

The structures were built in a predominantly mountainous environment, often characterized by limited accessibility.
However, beyond site constraints, the primary reason for the adopted configurations lies in the technological
limitations of the construction period. At the time, the realization of longer spans was complex and economically
demanding, both in terms of materials and execution methods. As a consequence, designers generally preferred to
adopt shorter spans with more closely spaced piers than would be selected today, achieving structural continuity
through repetition rather than span length.

The decks were typically composed of adjacent reinforced concrete beams, arranged side by side to support the
roadway. This solution relied on ordinary reinforced concrete and allowed for straightforward construction using
formwork and techniques available at the time. The resulting spans were limited in length, but the overall system
proved efficient and robust under vertical service loads.

Bearings were designed primarily to allow rotations and thermal movements and to simplify construction tolerances.
Common solutions included lead plates or steel rollers, which ensured vertical load transfer with minimal restraint in
the horizontal direction. According to current standards, such devices are no longer considered adequate, particularly
in seismic regions. Modern design requires bearings to be mechanically anchored and capable of safely transmitting
horizontal forces, preventing unseating and ensuring controlled structural behavior during seismic events.

Substructures were commonly realized as reinforced concrete portal-frame piers, composed of multiple columns
connected by transverse beams. These elements generally featured slender members with limited reinforcement,
reflecting design criteria focused on gravity loads and static response. Seismic behavior, shear resistance and ductility
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were not explicitly addressed, leading to structural details that are often critical under present-day performance
evaluations.

In order to increase effective span lengths while maintaining isostatic schemes, Gerber saddles were frequently
adopted within the deck system. Although this solution provided clear static behavior and construction advantages, it
is associated with several well-known drawbacks. Gerber saddles are particularly susceptible to degradation due to
water percolation from deck joints, are difficult to inspect and maintain, and may exhibit brittle failure mechanisms
under overloads or seismic actions. For these reasons, and due to their unfavorable long-term performance, such
solutions are no longer adopted in contemporary bridge design.

Overall, while the structural typologies considered in this study were rational and well-suited to the technological
context of their construction period, they present significant limitations when assessed against current safety,
durability and seismic performance requirements. These original design choices play a key role in defining both the
assessment strategy and the range of feasible intervention solutions for the existing viaducts.

3. From assessment to intervention strategy

The intervention design process for existing viaducts must be preceded by an accurate assessment of the current state
of the structure. In recent years, the Italian regulatory system has introduced a unified framework for this purpose
through the Guidelines for Risk Classification, Safety Assessment and Structural Monitoring of Existing Bridges,
which define a progressive and performance-oriented assessment methodology.

The outcomes of the assessment process provide the basis for selecting the appropriate intervention strategy.
Depending on the identified deficiencies and performance gaps, the required actions may range from extraordinary
maintenance and local structural strengthening to seismic improvement, full seismic retrofitting, or even the
replacement of the structure. The choice of intervention is determined by the extent and severity of the observed
defects: local deficiencies can often be addressed with targeted reinforcement, while widespread issues affecting
multiple structural elements may require more extensive measures, up to partial or full replacement of the deck or
other components.

The choice of intervention type is also influenced by boundary conditions related to the specific context of each
viaduct. These include site accessibility, the presence of urbanized areas or environmental constraints, and the
feasibility of construction activities. In addition, management-related constraints play a key role, particularly those
associated with traffic continuity, safety during construction, and limitations on service interruptions.

The selection of the most appropriate intervention is therefore based on the structural typology, the severity and
distribution of deficiencies, operational requirements, and site-specific constraints. This integrated approach ensures
that the adopted solutions are effective, feasible, and compatible with long-term management objectives.

4. Case Studies: Intervention on the A6 Viaducts

The following section presents three case studies of viaducts along the A6 Turin—Savona motorway, illustrating
different structural configurations, operational constraints, and intervention strategies.

The first viaduct consists of isostatic spans supported by spatial frame piers, each pier formed by six columns
connected by transverse beams, with interpier spans at the top of the piers. Each span is composed of six ordinary
reinforced concrete beams with a maximum span of 24.80 m supporting the roadway.
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Fig. 1. The Bormida di Mallare sud Viaduct (a) longitudinal profile; (b) (c) pictures of status quo

The structure exhibited structural deficiencies in the deck, particularly in the edge beams and slab, along with limited
seismic capacity of the piers and bearings and inadequacy of expansion joints.

Operational constraints were critical, as it was necessary to maintain at least one traffic lane open at all times, except
during summer weekends that required two traffic lanes.

A full seismic retrofitting intervention was implemented, combining several measures: the introduction of elastomeric
seismic isolators at the deck—pier interface to reduce forces on piers and foundations; creation of a kinematic chain
within the deck slab, which also eliminated the joints between spans that can lead to water percolation and degradation;
and replacement of the deteriorated edge beams with new steel beams. The slab was reinforced with a new cast on the
top face. This intervention allowed the viaduct to meet current safety requirements without interrupting traffic,
highlighting the importance of tailoring solutions to the structural condition and operational constraints.
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Fig. 2. The Bormida di Mallare sud Viaduct renovated

The second viaduct has frame piers topped by cantilevered deck portions supporting the approach spans through gerber
saddles. Each span is composed of six ordinary reinforced concrete beams with a maximum span of 29.50 m.

Fig. 3. The Bormida di Pallare sud Viaduct status quo

The structure exhibited structural deficiencies in the deck and in the gerber saddles, with limited seismic capacity of
piers, bearings and expansion joints.

Given the significant structural deficiencies and the easily accessible site, a complete reconstruction was chosen. The
intervention included reduction in the number of piers, construction of a continuous, hyperstatic steel—concrete
composite deck on elastomeric isolators, and phased construction of the new deck within the envelope of the existing
viaduct, with temporary shoring to maintain partial traffic flow, with one lane always available throughout the works.
This solution eliminated the gerber saddles, improved structural reliability, enabled longer spans, and reduced long-
term maintenance needs.
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Fig. 4. The new Bormida di Pallare sud Viaduct (a) Technical drawings of pier (b) construction sequence of deck;
(c) picture of demolition; (d) picture of viaduct during first step; (e) picture of viaduct

The third viaduct consists of isostatic spans supported by spatial frame piers, each pier formed by eight columns
connected by transverse beams, with interpier spans at the top of the piers. Each span is composed of five ordinary
reinforced concrete beams with a maximum span of 20 m supporting the roadway.

Fig. 5. The Boccafolle sud Viaduct status quo
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The structure exhibited structural deficiencies in the deck, along with limited seismic capacity of the piers, bearings
and expansion joints.

Operationally, the viaduct is located in a forested area without access from below. It was possible to work during
winter periods without traffic, thanks to a temporary by-pass that allowed southbound traffic to use the northbound
carriageway in a two-way configuration. The infrastructure managing authority required that at least one lane remain
open only during summer weekends, in order to maintain two traffic lanes in the prevailing direction.

The intervention involved sequential demolition and replacement of deck portions, first on the right side and then on
the left side of the carriageway. A new continuous, hyperstatic steel-concrete composite deck was constructed on
elastomeric isolators. The two deck portions were then connected by linking the central transverse beams and
completing the slab casting. The new deck reduced the number of expansion joints and supports, thanks to the
continuous configuration and the realization of a central support plane relative to each pier. Traffic was maintained
throughout the works by sequentially shifting vehicles onto the portion of deck not under construction.

Fig. 6. The Boccafolle sud Viaduct renovated (a) (b) picture of demolition stages; (c¢) picture of viaduct during first
step; (d) picture of viaduct

The replacement was carried out in phases not only to maintain traffic, but also because the viaduct is composed of
multiple spans and is not accessible from below, making the use of mobile cranes unfeasible. For this reason, gantry-
mounted winches were installed on each pier to lift and move individual beams transversely, allowing placement on
temporary supports on the portion of deck still in service. The lighter composite structure, combined with isolators
and pier strengthening through connecting walls at the base, made it possible to avoid foundation interventions, which
would have been complex and environmentally intrusive due to the forested context and limited access.
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These three case studies illustrate how the extent of deficiencies, structural typology, site conditions, and operational
constraints influence the choice of intervention. Localized deficiencies may be addressed with targeted reinforcement,
whereas more extensive or widespread issues may require full retrofitting or complete replacement of the structure.

5. Conclusions

The viaducts of the A6 Turin—Savona motorway represent a paradigmatic example of post-war highway infrastructure
facing the challenges of aging and evolving safety and seismic requirements. The structural schemes originally
adopted, although rational and efficient at the time of construction, often exhibit significant deficiencies when
evaluated against current standards.

The study confirms that effective intervention strategies require a systematic, assessment-driven approach that
accounts for structural typology, severity of deficiencies, and operational constraints. The presented case studies
demonstrate that both seismic retrofitting and full deck replacement can be effective, provided that the level of
intervention is proportionate to the structural condition and performance objectives.

In this type of work, the design must also define the demolition methods and sequence, specify any temporary works
required to safeguard adjacent or interfering structures and infrastructures, identify the loads to be supported until the
final stage, and establish the procedures for the removal and disposal of the resulting materials.

The comparison between different strategies emphasizes the importance of balancing structural performance,
construction feasibility, and long-term maintenance. The adopted solutions show that significant improvements in
safety and seismic response can be achieved while maintaining traffic continuity and minimizing construction impacts.
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