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Interfacial Models for Fiber Reinforced Polymer (FRP)
Sheets Externally Bonded to Concrete
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With the development of the technology of strengthening existing concrete structures with externally
‘bonded FRP sheets, a number of issues related to the conventional structural behaviors of FRP
strengthened RC structures should be studied. Among them, the most important one may be to clarify the
mechanisms of the bond between the FRP sheets and concrete. The significance of the bond is due to its
critical role on transferring the stress from the existing concrete structures to externally bonded FRP
sheets. A good undcrstgnding on the interfacial bond is a prerequisite of achieving a-safe and appropriate

design of FRP sheet strengthened RC structures.

As the most fundamental and important laws to characterize the bond interaction, the constitutive models
for FRP sheet-concrete interfaces under different loading conditions have not yet been well studied up to
now. Moreover, plenty of previous studies have shown that the FRP sheet-concrete interface always fails
bitterly due to the premature peeling of FRP sheets from the concrete at a stress much lower than the real
tensile strength of FRP materials. Therefore, the issues on how to improve the intérfacial load transferring
performances and ductility, moreover, how to improve the strength efficiency of FRP materials should

raise more concerning.

Experimental and analytical studies in the present study show that adjusting the shear stiffness of
adhesives layers based on suitable bonding method is a selectable way to strengthen the interfacial load
transfer performances and improve the utilizing efficiency of FRP materials. Both using lower shear
stiffness adhesives and increasing the amount of FRP sheets can improve the load carrying capacity of
FRP sheet-concrete interfaces. However, their corresponding bonding mechanisms are different. Based on
conventional pullout bond tests, a new analytical method has been proposed for defining accurate
interfacial nonlinear bond stress-slip (t~s) curves, which are most fundamental laws being able to
quantify those different bonding mechanisms and describe the bonding characteristics of FRP sheet-
concrete interfaces under shear failure (Mode 1I fracture). By this method, it is not necessary to attach
strain gages on the surfaces of FRP sheets to get the local strain and stress information. Instead, the

nonlinear interfacial bond stress-slip relationships can be simply derived from the relationships between



the external pullout forces and loaded end slips. Only two parameters, the interfacial fracture energy and a
ductility factor, which can consider the effects of all interfacial components, are necessary in the proposed

bond stress-slip relationships. In addition, with above two parameters this study proposes a definition for

the effective bond length, according to which unified models for predicting the anchorage length and

bond strength of FRP sheet-concrete interfaces were built up.

Tension softening behaviors of FRP sheet-concrete interfaces under Mode I fracture were studied as well
through a series of three-point bending test of notched composite beams. The interfacial Mode I fracture
energy was evaluated parametrically. The relationship between interfacial cohesive stress and the
interfacial displacement normal to crack surface (0~w relationship) was proposed using the improved J

integral methods and then verlﬁed through FEM smulatxon based on Hilliberg’s fictitious crack method.

Besides the Mode I and Mode II fractures, Mix-Mode fracture of FRP sheet-concrete interfaces was
studied experimentally based on a proposed novel test method, in which the Mode I and Mode II loading
conditions can be imposed into the interfaces through adding dowel and bending force to FRP sheet
strengthened concrete beams simultaneously. The method for evaluating the interfacial fracture energy
components under mix-mode loading condition was developed through beams on the elastic foundation
theory and fracture mechanics. A unified energy envelope criteria, which governs the fracture of FRP
sheet-concrete interfaces un;ier mix-mode loading condition was obtained through the analysis on the

experimental results.

In summary, the Mode I and Modé II constitutive models developed in this study can be used for accurate '
simulation of the strength and stiffness behaviors of FRP strengthened RC structures and optimizing the
interfacial design. The proposed interfacial bond strength and anchorage length models can be used in
engineering design. Besides that, the developed analytical methodology can simplify the present shear
bond test methods and evaluate the local bond behaviors of FRP sheet-concrete interfaces in a more
reasonable way. In addition, the developed test methods in this study can be used to evaluate the fracture
toughness of FRP sheet-concrete interfaces under different failure modes. And finally, the results in the

present study can help to develop optimum performance-based bonding materials.
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