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ABSTRACT

Fiber-reinforced polymer (FRP) systems for strengthening concrete structures have emerged as an
alternative to traditional strengthening techniques. These systems use FRP composite materials as
supplemental externally bonded reinforcement. Advantages offered over traditional techniques are
lightweight, ease to install and durability. FRP do possess a high tensile strength but also present some
failure modes that reduce significantly its potential contribution to bearing capacity when used as flexural
strengthening. This failure, known as peeling or delamination, might prevail at times over the other
modes and is of a fragile and quite unpredictable nature.

The design (basically, to determine the amount of area of FRP required) of an externally bonded FRP as
flexural strengthening is very similar to that of a conventional steel reinforcement in a concrete section.
Since the FRP reinforcement layer has its position fixed in the cross section, one only has to determine
the area of composite required so that the new section thus created is able to resist the design bending
moment resulting from the increased loads that led to the need for a structural strengthening. In the same
way as in reinforced concrete practice, there are some threshold strains that need to be fixed for the
different materials in the cross section of an FRP strenghtened structure. These strains represent the
different failure modes that may lead the section to the collapse in ultimate limit state. Although strain
domains in steel-reinforced concrete sections are well established in corresponding codes, that is not the
case of  FRP strengthened sections as far as delamination strain is concerned. Delamination failure modes
might prevail over the classical failure modes in reinforced concrete sections (that is, excessive plastic
strains in tensioned steel or excessive strain in the compression concrete flange) or other failure modes
associated with the FRP (such as its ideal rupture in tension, that in general will not perform) and thus
limiting the ultimate bending moment of the cross section. So it is essential to know the value of the
delamination strain in order to guarantee a safe design in a strengthened structure.

So far, delamination strain has been provided by manufacturers in accordance with their experience; and
lately there are some prediction models available in design guides and recommendations. But the problem
is that there is evidence from experimentation that those values may be clearly unsafe (probably due to
scale effects) and there is a need for more accurate and comprehensive models of predicting delamination
that consider the several variables involved.

The validity of some recently appeared models for FRP delamination is studied through this graduate
thesis. These models work on prismatic specimens in bond characterization tests and on real structural
members in flexure. The models account not only for the properties of the FRP but also for those of the
bond resin layer and the concrete substrate, the extent of flexural cracking and the shear and bending
moment diagrams at the critical sections. A simplified method is developed as well. This method may
provide a simplier way to predict delamination in many real cases of interest in bridge strengthening and
repair. Tables and recommendations are included with this aim. Several experimental results from
previous test programmes on prismatic specimens and large scale models of box-girder bridges have been
considered for the verification. The beams were 0.60 m depth and 7.20 m span length between supports.
On the one hand, simply supported segmental bridge models with external post-tensioning were tested
using CFRP as fiber strengthening. On the other, monolithic reinforced concrete bridge models
(externally post-tensioned in addition in some tests), two-span continuous girders of 14.40 m lenght
between supports in abutments were tested as well, using CFRP and AFRP strengthening systems. Such a
verification is of great significance, not only because of the large scale of the beams but also for some of
them are continuous beams and the test conditions after several cycles of repair and strengthening as well.




