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a b s t r a c t

This study investigates the effectiveness of FRP wire to confine concrete. For this purpose, axial compres-
sive tests are conducted with three parameters, peak strength of concrete, confining amount of FRP wire,
and epoxy application. The behavior of the FRP-wire confined concrete is examined in the axial and cir-
cumferential directions as well as in terms of volumetric strain. Each behavior is discussed according to
the stiffness ratio of the confining FRP wire to concrete. Moreover, the confinement effectiveness of the
FRP wire is estimated using the actual rupture strain of the FRP wire as well as the ultimate tensile strain.
Both cases show slightly larger effectiveness than that of FRP sheet confined concrete. The external jacket
of the FRP wire increases the peak strength satisfactory and restrains volumetric expansion when the
stiffness ratio of the jacket is sufficiently large. The failure of the FRP wire confined concrete occurs at
the mid-height of the cylinder. Furthermore, this study investigates the behavior of partially confined
concrete exhibiting smaller peak strength compared to the corresponding fully confined specimen, as
it appears to have a smaller stiffness ratio.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

External jackets using steel plates initially showed good perfor-
mance in terms of increasing the displacement ductility and flex-
ural strength of lap-spliced reinforced concrete (RC) columns
[1,2]. However, the installation method of the steel jacket was
somewhat inconvenient due to the requirement of grouting to fill
up the gap between steel and concrete. Moreover, the grouting in-
creased the cross-sectional area at the jacketed region and the dy-
namic characteristics of the jacketed structure were disturbed
relative to the as-built structure. Jackets using fiber reinforced
polymer (FRP) sheets or tubes subsequently came to the forefront
as an alternative to the steel jacket on the basis of several relative
benefits. The strong points of the FRP jacket are that it does not in-
crease the cross-sectional area and a multiple layered jacket is
available. However, an adhesive should be used to bond the FRP
sheet to the concrete surface or another FRP sheet. This process
is usually conducted manually, and tight attachment is not guaran-
teed. Perfect attachment of the FRP sheet on the concrete is one of
the critical factors to induce immediate causing the confining pres-
sure of the FRP sheet against the bulge of concrete.

Harries and Carey [3] conducted experimental tests to examine
the effect of the gap between the concrete and the jacket on the
behavior of confined concrete. They carried out compressive tests
of concrete cylinders with a gap between the concrete and the
jacket and compared them to the results with those obtained for
a case without a gap. In the test, the gap was built by wrapping
typical plastic wrap used in the kitchen. The effect of the gap
was that the peak strength as a function of lateral strain appeared
early. The measured lateral strain on the jacket did not represent
the bulge of the concrete inside, given that the jacket did not dilate
immediately according to the bulge inside the concrete due to the
gap.

Several prestressing techniques have been introduced to over-
come this problem. However, the prestressing methods are not
easily applied to RC columns, as they require a special and/or large
device to stretch FRP sheets. Xiao and Ma [4] suggested an external
pressing method to attach a prefabricated FRP jacket on a RC col-
umn using several belts. However, they still used an adhesive on
the concrete surface to bond the prefabricated FRP jacket as well
as lateral band-strips to apply lateral pressure on the FRP jacket.
This method was more efficient to obtain perfect attachment of
the FRP sheet than the previous manual attachment methods since
they apply external pressure on the FRP jackets.

Choi et al. [2,5] suggested a new steel jacketing method for RC
columns, where external pressure is used to attach the steel jacket
to concrete instead of grouting. The effectiveness of the jacketing
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method was proved through the experimental tests of concrete
cylinders and RC columns. The method is similar to Xiao and
Ma’s method and the perfect attachment is critical to obtain satis-
factory performance. Harries and Kharel [6] and Harries and Carey
[3] noted the presence of a gap between the concrete and the con-
fining jacket due to the slackness in the confinement and explained
the effect of the gap. They also indicated that the behavior of wo-
ven fabric was similar to that of the gap. As presented in the afore-
mentioned studies, overcoming the problem of the gap or the
slackness of the jackets of steel plate or FRP fabrics is challenging.
This study sheds light on the advantages of wire-type jackets for
confining concrete structures without a gap or slackness.

2. FRP wire jacket and specimens

2.1. FRP wire jacket

Glass-fiber reinforced polymer (GFRP) wire of 1.0 mm diameter
was used in this study. The area of the wire was 0.785 mm2 and the
tensile strength and ultimate strain of the wire were 1230.6 MPa
and 2.94 � 10�2, respectively. Therefore, the estimated Young’s
modulus in tension was 41.84 GPa. Firstly, the wire was wound
around a large reel, as shown in Fig. 1a, and the reel was equipped
with a device to provide friction resistance at its side when rolling.
The wire was stretched over a concrete cylinder on a special device
manufactured for this study, as shown in Fig. 1b. The device held a
concrete cylinder and wrapped the wire around the cylinder with a
specific pitch. Note that no adhesive was applied on the concrete
surface. During the winding, the wire was stretched with a con-
stant tension because of the frictional resistance of the reel. Tensile
force of 25 N was measured using a spring balance, as shown in
Fig. 1c and d. Therefore, the stress and strain in the wire due to
the tensile force were 31.83 MPa and 7.73 � 10�4, respectively.
The stress was too small to develop an active confining effect on
the concrete but sufficient to tightly wind the wire on the concrete
surface without any gap. After several windings of the wire, super

glue was applied on the wire to prevent release of the wire during
the rolling. After finishing the winding, super glue was also applied
on the wire at the other side. The glue provided holding action for
the wire and prevented release of the wire. Fig. 2 shows the process
of confining the concrete cylinder by the FRP wire jacket. Several
previous studies of shape memory alloy (SMA) wire jackets were
conducted [7–10] and have used anchoring nails to hold SMA wire.
The FRP wire jacket, however, can be fixed by applying glue at both
ends and does not make any scar on the concrete surface. A 10 mm
section of the cylinder at both ends was not wrapped by the FRP
wire in order to avoid interaction of the FRP wire jacket during a
compressive test. The proposed jacketing method can wrap a con-
crete cylinder with multiple layers; the second layer of the jacket
can be built following the same procedure as used for the first
layer. Fig. 3 shows the cases of single-, double-, and triple-layered
FRP wire jackets and an epoxy applied specimen.

2.2. Specimens and test set-up

This study used concrete cylinders with a diameter of 150 mm
and height of 300 mm to obtain the compressive behavior of con-
fined concrete. Two variables were considered, peak strength of
concrete and amount of confining FRP wire; three design strengths
of concrete and three amounts of FRP wire were also considered.
The design strengths were 25, 35, and 45 MPa, respectively, and
the amounts of FRP wire were one, two, and three layers. The vol-
umetric ratio for the FRP wire jacket can be calculated using the
following equation:

qm ¼
4Aj

sD
ð1Þ

where Aj = cross-sectional area of the jacket, D = diameter of cylin-
der, and s = spacing between wires. The calculated volumetric ratios
for each amount of FRP wires were 2.09%, 4.19%, and 6.28%, respec-
tively. To obtain an equivalent thickness of FRP sheet jackets which

(a) Reel of FRP wire (b) Special rolling device

(c) Measuring tensile force of the wire (d) 25 N tensile force

Fig. 1. FRP wire and tensile force.
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