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Chapter 1

Introduction

1.1 General

     The repair and strengthening of bridges has become a major problem for civil

engineers in the past few decades.  In the eleventh report of the Secretary of

Transportation to the Congress of the United States on “Highway Bridge Replacement

and Rehabilitation Program” it was stated that over one third of the nations 575,413

highway bridges are classified as either deficient or functionally obsolete (Highway,

1993).  To satisfy this problem, a previous method for repair and strengthening bridge

girders included bonding steel plates to the inferior structure. This procedure has been

used in Europe for many years, and is becoming widely accepted in the United States

(Norris & Saadatmanesh, 1994).  However, bonding steel plates to concrete presents

disadvantages including corrosion of the steel/adhesive joint and the heavy weight of the

material.  These problems increase installation and maintenance costs.  Bonding of fiber

reinforced plastics (FRP) to structures provides an attractive alternative to steel plates.

This material is corrosion resistant, lightweight, has a high strength-to-weight ratio, and

possesses nonconductive properties.

The use of fiber reinforced plastics (FRP) in repairing and strengthening bridges

has been researched in recent years.  In particular, attaching unidirectional FRP to the

tension face of reinforced concrete beams has provided a increase in stiffness and load

capacity of the structure (Meier et al., 1991).  However, due to the brittle nature of

unidirectional FRP, the ductility of the beam decreases.  Consequently, the safety of the

structure is compromised due to the reduction in ductility.  One possible solution to this

problem is the use of cross-ply or off-axis FRP in place of unidirectional fibers.

1.2 Scope of Research

The purpose of this research is to investigate the behavior of reinforced concrete

beams strengthened with one of two different CFRP orientations (0°/90° and ±45°).

More particularly, the change in strength and ductility of the beams as the number and
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orientation of FRP layers are altered is investigated.  Seven under-reinforced concrete

beams were fabricated and tested to failure.  With the exception of the control beam, two,

three, or four layers of either 0°/90° or ±45° CFRP orientations were applied to the

specimens. To predict the flexural behavior of the specimens, a theoretical model was

derived using basic concepts and past research.  The tested properties of the concrete,

steel reinforcement, and FRP were used in the model for more accurate results.  Also, two

methods were used to analyze the ductility of the tested beams.


