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Background/Purpose: Numerous bridges of the Italian arterial road network were designed for live loads
significantly lower than those produced by the current vehicular traffic. Many of them are masonry arch
bridges whose load carrying capacity should be assessed for defining the necessary strengthening in-
terventions. In the present paper the design criteria for strengthening masonry bridges with carbon fiber
reinforced cementitious matrix (C-FRCM) materials are presented with reference to a masonry arch road
bridge built right after the second world war.

Methods: The structure is analyzed both in its original and in its strengthened configuration following
the approach of the collapse mechanisms. The considered approach allows to capture the strengthening
effect of the C-FRCM material in terms of modification of the collapse mechanism and increase of the
load collapse multiplier. Two different configurations of C-FRCM strengthening material applied at the
extrados have been considered. In the first configuration the ends of the C-FRCM material are anchored
at the vaults imposts, while in the second configuration they are not anchored at the imposts.

Results: To obtain load collapse multipliers greater than one three layers of C-FRCM strengthening
material have to be applied at the extrados of all the three vaults in the case of end anchored
strengthened material, while in the case of unanchored strengthening material four layers of C-FRCM
strengthening material have to be applied at the extrados of all the three vaults.

Conclusion: The performed analyses show a lack of load carrying capacity of about 60% with respect to
the load carrying capacity required by current codes. This lack can be filled up adopting the considered
strengthening technique.
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1. Introduction have increased inducing significant increments of the internal

stresses and a consequent acceleration of the structural degrada-

The Italian road network is constituted by 6000 km of highways
and by 180,000 km of other major and minor arterial roads (na-
tional, regional and provincial roads). Currently the speed and the
heavy vehicular traffic mainly travels on the highways, however the
arterial roads are still used by a large volume of vehicular traffic. On
the Italian arterial roads network there are numerous masonry
bridges designed and built by the end of the 19th century consid-
ering live loads significantly lower than those produced by the
nowadays vehicular traffic. Indeed since the construction of many
of these bridges, the number of vehicles per day and the axle load
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tion phenomena. These structures are presently in service and
should be assessed considering the loads provided by the current
Italian code to schedule and design the necessary strengthening
interventions.

Masonry arch bridges have been traditionally strengthened with
steel profiles placed at the arches intrados, cementitious mortar
injection, reinforced concrete elements cast at the intrados or at the
extrados, insertion of steel rebars. An alternative strengthening
technique for masonry arch bridges consisting in the application of
unbounded tendons placed at the extrados of the vaults has been
more recently utilized [1]. This technique is very efficient to in-
crease the load carrying capacity of arch structures [2] but it has the
significant disadvantage of requiring invasive interventions at the
extrados that necessary imply the traffic interruption. Innovative
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techniques based on the use of tuned-mass-dampers [3] are instead
devoted to flexible pedestrian bridges and unlikely can be applied
to masonry arch bridges.

In the last twenty years a huge amount of experimental and
theoretical studies has been performed on the use fiber reinforce
polymer (FRP) materials for the strengthening of existing rein-
forced concrete, masonry [4], and timber [5] structures and for the
construction of new structures [6,7]. By the middle of the '90 many
strengthening interventions have been realized with FRP materials
bonded at the intrados or at the extrados of the masonry vaults
[8—15]. The FRP materials advantages are their light weight, high
strength and stiffness, resistance to corrosion, flexibility, and
rapidity of application, while their disadvantages are the moderate
matrix heat and fire resistance due to the matrix (epoxy resin) low
glass transition temperature, difficulty of application at low tem-
peratures, impossibility of application on humid surfaces, and lack
of vapor permeability. In the last ten years innovative composite
materials made of cement-based matrix reinforced by continuous
fibers (fiber-reinforced cementitious matrix, FRCM) have been
proposed to overcome or reduce the disadvantages of the FRP
materials. Cementitious matrix indeed exhibits significant heat
resistance, allows vapor permeability, and can be applied at low
temperatures and on wet surfaces. The mechanical behavior of
FRCM materials has been recently investigated in Refs. [16,17]
performing tensile tests. The effectiveness of the FRCM strength-
ening materials has been investigated in experimental and theo-
retical researches in the cases of concrete columns confinement
[18—21], shear and flexural strengthening of concrete beams and
slabs [22—28], and seismic upgrading [29], while the bond between
the FRCM materials and the concrete support has been investigated
in Refs. [30—35]. The effectiveness of FRCM material for the
strengthening of masonry structural elements has been investi-
gated in Refs. [36—38], while the bond between the FRCM materials
and the masonry support has been investigated in Refs. [39—41].

Among the possible strengthening interventions for masonry
arch bridges, the application of FRCM strengthening materials at
the intrados or at extrados of the masonry vaults is particularly
advantageous. Indeed this kind of intervention is often able to
sufficiently increase the load carrying capacity of the structure and,
in the cases of application at the intrados, can be realized with the
bridge in operating conditions. Moreover, contrarily to the FRP
materials, the FRCM materials can be applied on wet surfaces.

In the following the design criteria for strengthening masonry
arch bridges with carbon fiber reinforced cementitious matrix (C-
FRCM) materials are presented with reference to a three bays ma-
sonry arch bridge built right after the Second World War. The
considered bridge has been analyzed both in its original configu-
ration and in its strengthened configuration following the approach
of the collapse mechanisms analysis. The collapse analysis of the
unstrengthened structure has evidenced a lack of load carrying
capacity of about 60% with respect to the load carrying capacity
required by current Italian code.

2. The road bridge
2.1. Geometrical characteristics

The considered road bridge is located on the SP 36 “Val di Zena”,
1.6 km south of San Lazzaro, Bologna, Italy. The bridge (Fig. 1) was
built right after the Second World War to substitute a pre-existing
bridge, destroyed during the war [42] (Fig. 2).

It is constituted by three masonry barrel vaults supported by
two masonry piers and two masonry abutments (Fig. 1). The piers
and the abutments are made of clay bricks masonry. The main
geometrical characteristics of the structure are shown in Fig. 3. The

Fig. 1. Considered bridge.

bridge deck is 27.29 m long and 5.50 m wide. The bays are
numbered from 1 to 3, while the piers are numbered from 2 to 3.
The center-to-center distance among the vaults is 9.43 m. The piers
have an height of 3.0 m, a width at the imposts of 2.00 m, a width at
the foundation level of 2.20 m and a depth of 7.7 m. All vaults have
the same dimensions. The vaults have span of 7.43 m at the intrados
and span of 8.43 m at the extrados, an intrados radius of 4.45 m, an
extrados radius of 5.05 m and a thickness of 0.6 m. At the extrados
the vaults have an infill up to the vaults apex. The infill is covered by
a 0.35 m thick layer of ballast.
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