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a b s t r a c t

The present paper deals with the mechanical behaviour of masonry columns confined by using fibre-rein-
forced polymer (FRP) composites. In particular, it presents the key results of a wide experimental pro-
gram jointly carried out at the Laboratories of the Universities of Salerno and Salento (Italy).

Several kinds of masonry, made out of either natural or artificial bricks having different dimensions,
have been tested in this experimental programme. A total number of 54 column specimens have been
built and tested in pure compression.

Moreover, several composite systems (mainly based on glass fibres) have been utilised as confining
device by applying a variable number of layers that allow to develop different levels of lateral pressure.

The present paper reports the complete information about the geometric and mechanical parameters
related to the tested specimens as well as the key aspects of the structural behaviour observed during the
compression tests. In particular, the maximum load levels and the corresponding axial stresses and (aver-
age) strains are clearly reported.

Finally, the main differences in terms of structural response due to the behaviour of the various mate-
rials utilised for both masonry and external wrapping are highlighted. Moreover, the same experimental
results, along with further experimental data already available in the scientific literature, will be quanti-
tatively analysed in a companion paper with the aim of calibrating a design formula for determining the
axial strength of masonry columns confined by FRP.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

A significant part of the existing buildings in Europe as well as
elsewhere in the World are made out of masonry. Beyond the gen-
eral principles formulated in the classical technical theories (i.e.
[1–4]), global analysis of masonry structures, especially in the
widely common case of earthquake-induced actions, is still an
open issue. Both practical rules for assessing the performance of
masonry structures and design-oriented formulae for dimension-
ing traditional strengthening interventions aimed at improving
their capacity are collected in [5]. They generally belong to the
educational background of structural engineers.

However, rather innovative techniques are available nowadays
for structural strengthening of existing members and structures: fi-
bre-reinforced polymers (FRP) as well as other composite materials
are among those innovative techniques ([6,7]) that received an
increasing interest in the past decades.

In particular, wrapping either reinforced concrete or masonry
columns with FRP sheets is one of the most common strengthening
techniques for enhancing their overall performance under axial
loads. Although several analytical proposals are currently available
for evaluating the so-called ‘‘confinement’’ effect (whose theoreti-
cal foundations date back to [8]) in terms of both strength and duc-
tility for concrete columns (for a comparative study see [9]), no
analytical formulation has been established so far for determining
the confinement effect induced by FRP sheets on masonry columns.
The huge variability of the mechanical properties of masonry is one
of the key reasons for this delay in defining sound design rules and
formulae for confined masonry members. Such a variability is
mainly induced by the nature of the brick elements, the quality
of the mortar layer, the dimension of the member and the texture
of the masonry brickwork as a whole. Nevertheless, the experi-
mental results, currently available in the scientific literature, are
mostly focused on clay-brick masonry columns ([10–12]). Few
studies are currently available for stone masonry columns [13–15].

The present paper is firstly aimed at providing the scientific
community with a series of experimental results carried out on
segments of masonry columns confined with different amount of
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composite materials. The experimental campaign, carried out
within the framework of a joint research activity at the Structural
Laboratories at the Universities of Salerno and Salento (Italy), cov-
ers a wide range in terms of experimental variables. In particular,
masonry columns made out of natural stones have been tested as
well as similar specimens built by using clay bricks. The former
ones have been chosen considering the most common materials
utilised in existing buildings in the regions of Southern Italy. Any-
way the considered masonry specimens can be assumed as repre-
sentative of a wide class of natural building materials which are
common throughout the Mediterranean Basin as a whole.

On the contrary, clay bricks are widely utilised all over Europe
and other countries. Consequently, the types of masonry consid-
ered in the present experimental campaign cover a really broad
range of materials. Furthermore, the specimens are realised by
considering two different shapes for the cross section and variable
dimensions for their geometry. The choice of variable features for
both the brick texture and the rounding fillet radius of the edges
in confined columns further broaden the range of variation of the
tested parameters and, consequently, the significance of the exper-
imental programme.

Glass fibre composites (GFRP) were mostly used for wrapping
the tested specimens, carbon fibres (CFRP) were also applied. Sev-
eral layers of fibres are considered in the various tests in order to
obtain a reasonably wide variation of the lateral pressure due to
the different amount of elastic reinforcement.

After an in-depth report of the geometric and mechanical prop-
erties characterising the above specimens, the paper reports the re-
sults of the tests carried out within the framework of the
mentioned experimental campaign. The key features of the ob-
served structural behaviour are highlighted also by comparing
the different groups of specimens. Finally, the experimental results
in terms of maximum strength will be compared with the predic-
tions of the corresponding formula provided by the National Re-
search Council (CNR) Italian Guidelines [16], recently issued for
addressing the use of FRP material as external strengthening of
both concrete and masonry members. Further analytical calibra-
tion of a more refined design formula based on both the experi-
mental results presented in this work and the others currently
available within the scientific literature will be proposed within
a companion paper [17].

2. Description of the experimental campaign

The experimental campaign reported in the present paper con-
sisted of 54 masonry specimens tested in compression and charac-
terised by having different dimensions, brick nature and texture,
type of FRP and number of external layers. A generic rectangular
cross section of a confined column is represented in Fig. 1 empha-
sising its key geometrical properties. The figure shows the concept
of ‘‘effective’’ confined area, namely, the part of the cross section
which can be really considered under the confinement action in
columns with rectangular cross section. According to this model
it is defined by four parabolic branches, starting from either the
section edges or the end of the round fillets, having a slope of
45�. The radius rc of such fillets plays a double role and often con-
trols the behaviour in compression of confined columns.
On the one hand, it affects the effective area, while on the other
hand it controls the possible stress concentrations in fibres around

Fig. 1. Definition of the geometrical parameters of the cross section and derivation
of the effective confined area in rectangular columns.

(a) test-setup (University of Salerno) (b) test setup (University of Salento)

Fig. 2. Compression tests on masonry columns: test setup.
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