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Tensile Strength (MPa) 3800

Modulus of Elasticity (GPa) 240
CFRP

Strain at Ultimate State (%) 15

Thickness (mm) 0.176

Table 2.CFRP properties
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Abstract:

Studies on reinforced concrete bridges -damaged in past earthquakes- confirm that weak piers are the main
reason for the collapse of these structures. Retrofitting concrete piers with FRP layers plays an important role
in enhancing axial and shear strength. Conversely, it may have no significant effect on raising the flexural
capacity of such members. Various methods have been suggested for increasing the bending capacity of
reinforced concrete piers; however, each method may confront with important shortcomings such as
difficulty in implementation, high cost, low operation speed, and uncertainty of performance. A new
mechanical connection is proposed in this study in order to enhance the bending strength of reinforced
concrete piers which are to be retrofitted by FRP layers. The proposed detail is easy to perform and cost
effective. Meanwhile, it can be applied in a short time. In addition, the suggested mechanical connection
develops proper interaction between the FRP layer and face of the concrete column which eliminates the
detachment of these two. To assess the proposed mechanical connection, an experimentally evaluated RC
column —already built and tested at IIEES in 2007- was modeled by the aid of ABAQUS software. The
numerical model is firstly validated for the main specifications of the column. Later on, available retrofitting
patterns were simulated. The patterns include the application of longitudinal FRP layers which are
accompanied by two other options, first: use of transverse FRP layers at the location of flexural plastic hinge,
and second: application of the proposed mechanical connection. Preparing 4 finite element models, force-
deformation behavior of the retrofitted concrete columns is evaluated under vertical and lateral loading.
According to the results, an increase in flexural capacity is reported for the model which is retrofitted only
with the longitudinal FRP layers. In addition, force-deformation curves show partial raise in the flexural
capacity of the column which is wrapped in the plastic hinge location. However, linear elastic behavior of
FRP material will result in sudden failure for the two mentioned models. According to the results, the
general behavior of the concrete columns retrofitted with longitudinal FRP layers (with or without transverse
FRP layers) will not be improved efficiently and the failure damages will still occur immediately.

Based on the observation, the best behavior is recognized in the concrete column retrofitted with longitudinal
FRP layers using the proposed mechanical connection. In this case, flexural strength of the column is
increased and its force-deformation curve implies that the proposed mechanical connection can inhibit the
efficiency of longitudinal FRP layers and enhance the flexural capacity of the column. Moreover, the
proposed connection detail improves the overall performance of concrete columns which are retrofitted by

FRP layers and prevents instantaneous failure damages.

Keywords: Reinforced Concrete, Bridge Piers, Flexural Rehabilitation, FRP Layers, Mechanical Fasteners.
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