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Extending the service life of the existing reinforced concrete (RC) structures is one of the major tasks
of the civil engineering. Strengthening or retrofitting is one of the remedial actions to perform this
. task. There exist many different ways of strengthening an existing concrete structure, A strengthen
method that was used quite extensively during the mid 1970s is steel plate bonding, this method has
gained renaissance the last decade, but now composite materials made of fibers in a polymeric resin,
also known as fiber-reinforced polymers (FRPs), have emerged as an alternative to traditional materials
for repair and rehabilitation.

Extensive research and laboratory testing on the externally bonded FRP systems has been carried out
all over the world and at.many different locations. As a result, the performance of FRP-strengthened
members is now relatively well understood from the experimental point of view. It is obvious that
much less attention has been paid to numerical studies of debonding in comparison to the wealth of
experimental investigation. In the same time the use of externally bonded FRP materials to improve
performance of RC elements in bending, shear, or confinement requires detailed modeling of the struc-
tural behavior of the strengthened elements. Therefore there is a demand for further study specially
the numerical study on the behavior of RC elements strengthened with externally bonded FRP sheets
and plates under various loading cases.

This study presents analytical investigations of the behavior of RC members strengthened with exter-
nally bonded FRP under uni-axial tension loading and fiexural-shear loading.

In this study, a two dimensional non-linear numerical code was built to simulate the behavior of the
strengthened members under uni-axial tension loading and flexural-shear loading. The developed code
has continuum element for concrete based on the rigid body spring method (RBSM), since cracks
initiate and propagate along boundaries between elements, mesh arrangements may affect fracture
directions. To avoid formulation of cracks with un-arbitrary direction, fine and random shape element
is introduced using a Voronoi diagram. Discrete beam element was introduced for the internal and
external reinforcement materials plus special linkage element to model the interface behavior between
the different reinforcement materials and concrete.

The non-linear constitutive laws for different materials with un-loading and re-loading paths were
included, in addition to the appropriate non-linear bond stress-slip models for different interfaces. The
bond deterioration for steel-concrete and FRP-concrete interfaces were considered by proposing and
applying different bond deterioration models.

Using the developed code uni-axial tension behavior of RC members strengthened with extemally
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bonded Carbon FRP sheets (CFS) was investigated. Group of RC members strengthened with exter-
nally bonded FRP under tension loading were examined to validate the proposed analysis method. The
rules of the bond deterioration models were examined and the validity of the proposed bond deterio-
ration models was confirmed by comparing the numerical output with the relevant experimental data.
The proposed model and method of analysis were able to predict the experimental observation with
accepted accuracy in terms of both for overall and local behavior.

The influence of the amount of CFS strengthening on the axial deformability was examined. Small
amount of the external reinforcement provides a significance reduction on the axial deformability in
the cracked range as well as reduction in the average crack width and average crack spacing. The
average steel bond stress decrease by attaching the CFS and increasing the CFS stiffness. While, the
average CFS bond stress increase by increasing the CFS number of layers. The average steel stress
increase by increasing the CFS stiffness and the apparent yield stress become much closer the yield
strength of the bare bar. The influence of CFS on the tension stiffening is much complicated where by
applying small amount of CFS the tension stiffening increase greater than the un-strengthened one , by
increasing the CFS amount the tension stiffening start to decrease below the un-strengthened one.
Based on this analytical study, average stress and strain relationships, for concrete, steel bars and CFS,
which are function of the internal and external reinforcement ratios in addition to the internal and
external reinforcement modular ratios were proposed. The calculated results were compared with the
relevant experimental outputs. These models appear to match the experimental results very well.

The last part of this study covers the behaviour of RC beams flexurally strengthened with externally
bonded FRP. Analyses of twelve beam specimens consisting of un-strengthened and FRP sheet/plate
strengthened reinforced concrete beams were carried out. In the analysis, the FRP sheet-concrete
interface behavior was simulated by adopting the local bond stress-slip model and the proposed bond
deterioration model to take into consideration the bond deterioration and stress concentration at the
cracks. It was found that the developed code was able to predict the behavior of the CFS strengthened
members in terms of ultimate load carrying capacity, failure mode, and distribution of the strain and
- bond stress for the internal and external reinforcement with accepted accuracy. In other hand, in
case of FRP plate-concrete interface the interfacial bond strength needed to be modified by adopting
appropriate interfacial bond strength by considering the effect the higher plate stiffness. Finally the
debonding process and mechanism were examined based on the numerical investigation.
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