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Abstract: Seismic design of standard structures is typically based on a force-
based design approach. Over the years, this approach has proven to be
robust and easy to apply by design engineers and—in combination with
capacity design principles—it provided a good protection against premature
structural failures. However, it is also known that the force-based design
approach as it is implemented in the current generation of seismic design
codes suffers from some shortcomings. One of these relates to the fact that
the base shear is computed using a pre-defined force reduction factor, which
is constant for a certain type of structural system. As a result of this, for the
same design input, structures of the same type but different geometry are
subjected to different ductility demands and show therefore a different
performance during an earthquake. The objective of this research is to
present an approach for computing force reduction factors using simple
analytical models. These analytical models describe the deformed shape at
yield and ultimate displacement of the structure and only require input data
that is available when starting the design process, such as geometry and
general material properties. The displacement profile are obtained from
section dimensions and section ductility capacities that can be estimated at
the beginning of the design process. The so computed displacement ductility
is taken as proxy of the force reduction factor. Such analytical models allow
to link global to local ductility demands and therefore to compute an estimate
of the force ductility reduction factors for wall and frame structures. Finally,
this research develops an approach for frame-wall structures as combination
of results obtained for wall and frame systems. The proposed method is
applied to a set of frame-wall structures and validated by means of nonlinear
time history analyses. Obtained results show that the proposed method
yields a more accurate seismic performance than the current code design
approach. The presented work therefore contributes to the development of


mailto:matteo.zerbin@gmail.com

2015
2010 - 2013
2007 - 2010

revised force-based design guidelines for the next generation of seismic
design codes.

Keywords: frame-wall structures, ductility reduction factor, force-based
seismic design, performance-based design, nonlinear analyses.
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La tesi ha lo scopo di identificare le soluzioni progettuali necessarie
alladeguamento sismico di un blocco di un edificio scolastico con struttura in
cemento armato degli anni ‘60 e '70, con lo scopo di valutare se la scelta
migliore & la demolizione e ricostruzione invece delladeguamento. Sono
impiegate sia tecniche innovative, come i materiali fibrorinforzati (FRP), la
tecnica ETS e gli Anchor Spikes, sia tecniche tradizionali, come l'inserimento
di pareti in cemento armato.
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Abstract: Seismic upgrading of existing structures is a technical and social issue aimed at
risk reduction. Sustainable design is one of the most important challenges in any structural
project. Nowadays, many retrofit strategies are feasible and several traditional and innovative
options are available to engineers. Basically, the design strategy can lead to increase
structural ductility, strength, or both of them, but also stiffness regulation and supplemental
damping are possible strategies to reduce seismic vulnerability. Each design solution has
different technical and economical performances. In this paper, four different design solutions
are presented for the retrofit of an existing RC frame with poor concrete quality and
inadequate reinforcement detailing. The considered solutions are based on FRP wrapping of
the existing structural elements or alternatively on new RC shear walls introduction. This
paper shows the comparison among the considered design strategies in order to select the
suitable solution, which reaches the compromise between the obtained safety level and costs
during the life-cycle of the building. Each solution is worked out by considering three different
levels of seismic demand. The structural capacity of the considered retrofit solutions is
assessed with nonlinear static analysis and the seismic performance is evaluated with the
capacity spectrum method.

Keywords: sustainable strategies for engineering; minimum cost optimization; pushover
analysis; capacity spectrum method; existing concrete buildings; seismic retrofit; FRP
strengthening; ETS strengthening; shear walls.
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