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Seismtc RETROFIT OF RC CoLuMNs BY USE OF PRESTRESSED ARAMID FiBER BELTS As ExTERNAL Hoors
- EXPERIMENTAL INVESTIGATION AND ANALYTICAL APPROACH -

The objective of the present research is to assess the effectiveness of the proposed retrofit technique
by use of prestressed aramid fiber belts through an experimental program. In this technique, aramid
fiber belt is cut in a desired length and impregnated with epoxy resin along only 160 mm lap joint of
both cut ends to form a loop, which is straightened to form a two-ply belt. Both ends of the two-ply
belt look like eye-hook, through which crossbar can be put. It should be explained that crossbar
refers to a piece of steel which has a threaded hole at its both ends. When the two-ply belt is wound
around the column, its both ends can be clamped together by putting a couple of crossbars into the
end eye-hooks, and then, passing bolt through the threaded hole of crossbar. The prestressing can
be given to the belts by manually screw driving the bolts of crossbars. Herein, the assembly of a
couple of crossbars and bolts is referred to as coupler. Steel angles, which are located at the corners
of the column, have width and length of 50 mm and thickness of 20 mm. The role of steel angles is to
protect corner concrete from the bearing failure. An external radius of 20 mm is provided for the
corner angle in order to decrease stress concentration in the belt. Moreover, a frictionless film, which
is placed between corner angle and belt, reduces the friction between belt and corner angle.

The key advantages of retrofitting of columns by prestressed aramid fiber belts are as follows:

1) This technique can be applied quickly and easily without using heavy machinery on site. Specially,
the aramid fiber belts can be prestressed manually by a simple wrench. Moreover, this technique can
be applied to the columns with spandrel walls, where applications of sheets are not possible.

2) Unlike conventional FRP tubes or wraps, where the composite materials are used continuously
along the height of column; the proposed technique provides discontinuous application of aramid
fiber material, and thus, saves the consumption of expensive composite materials.

3) An outstanding characteristic of this new technique is introducing the prestressing into FRP
materials. Thereby, the method employs active confinement in addition to passive confinement and
shear reinforcing. Experimental results demonstrated that active confinement due to prestressing led
to considerable increase in accumulated absorbed energy and lateral strength of column.

Six RC columns with shear span to depth ratio of 1.5 were constructed based on 1:2.4 scale to model
the low-rise school buildings designed in accordance with the pre-1971 design code in Japan. These
columns are shear critical ones because of poor arrangement of steel hoops. The column specimens
were retrofitted and tested under reversed cyclic lateral forces and constant axial load, simultaneously.
Experimental and analytical results can be summarized as follows:

1) The proposed retrofit technique by prestressed aramid fiber belts is a highly effective retrofit
method for RC columns with inadequate shear resistance or poor bond strength. While the original
non-retrofitted column exhibited shear failure, the retrofitted column developed ductile flexural
response.

2) As atechnique to quickly retrofit the earthquake-damaged concrete columns, i.e. as an emergency
retrofit, the prestressed aramid fiber belts provide an attractive option for restoring the lateral capacity
of damaged column. Such an emergency retrofit procedure would be of much use in high-risk seismic
zones, where the repair of earthquake-damaged columns is frequently necessary, so as to sustain the
vertical loading capacity during subsequent earthquakes.

3) In the analytical approach of this study, by use of nonlinear three-dimensional FEM, a model was
proposed so as to interpret confining device as nonlinear translation springs, that follows from the
important role of lateral stiffness of confining device in the issue of passive confinement. Using this
model, stress-strain curves for columns confined by prestressed aramid fiber belts were proposed.
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