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Abstract

The existing reinforced concrete (RC) and masonry structures may be affected by strong signals of
deterioration and they often need to be upgraded to meet new mandatory seismic design
requirements or to allow a change of use of the building. Applications of advanced materials for
retrofitting and upgrading existing structures have been rapidly grown in past years because of their
several advantages with respect to traditional strengthening systems. Often seismic upgrading
involve buildings partially or completely occupied and short-term disruption of occupants becomes a
crucial aspect and controls the design. These remarks have introduced new challenges in the
development of novel advanced material-based strengthening solutions for seismic upgrade of
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deficient existing buildings that can be applied wholly from the exterior of the building. The
experimental validation of such solutions and the relevant calibration of reliable design formulations
is a crucial aspect for future seismic risk mitigation. The study outlines the basic principles of
advanced material-based seismic upgrading strategies on existing RC and masonry structures in
order to avoid the most common brittle and premature failure modes. In particular, the use of
composite materials (i.e., Fiber Reinforced Polymers, FRP, and Fiber-reinforced concrete, FRC) as a
non-invasive solution is investigated by means of full-scale experimental programs aimed at:
increase the shear capacity of partially confined beam—column joints of RC structure (on which,
typically, shear transverse reinforcement is missing or lacking); avoiding out-of-plane mechanisms
in masonry buildings with poor connections between orthogonal bearing walls. The strengthening
phases and the details of the proposed strengthening layout are described. Details on the
experimental investigations on full scale specimens or real subassemblies aimed at confirming the
effectiveness of advance material-based upgrade strategies are presented and discussed with due
attention to the calibration of reliable design formulations. The experimental outcomes confirmed
the effectiveness of the proposed FRP-strengthening solutions (i.e., FRP sheets or FRC thin
jacketing on RC joint panels and grouted anchors made by hollow CFRP pultruded carbon tubes
wrapped with longitudinal and spiral stainless steel fabrics bars on T-shaped masonry wall with a
poor connection between orthogonal walls) to significantly increase the shear capacity of RC joint
subassembly and the out of plane capacity of masonry wall connections. The strengthening solutions
did not change the initial stiffness of the structural subassemblies and they resulted suitable for
application in a local strengthening strategy framework.

Finally, an insight on the main still open issues and future perspective for future investigations on
the use of advanced materials for seismic upgrade is presented.

Keywords: Advanced materials, FRP, FRC, and CFRP pultruded carbon tubes; seismic upgrade;
beam—column joints, masonry walls, brittle failure modes.
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