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ABSTRACT 

 

 This research presents an experimental-analytical investigation 

in the structural behavior of RC fixed-fixed beams strengthened to resist 

torsion stresses by different schemes of strengthening using CFRP sheets as 

phase one, as well as investigation of the effect of the change in the 

longitudinal steel ratio and vertical steel ratio on the resistance of torsion of 

Beams strengthened with CFRP as phase two. The experimental program 

consisted of statically testing five medium scale specimens for phase one as 

well as ten specimens with the same dimensions for phase two. The beams 

had 150x300 mm rectangular cross-sectional dimensions with overall 

length of 2000mm over a clear span of 1500 mm. The tested specimens 

were divided into two phases; phase one consists of one group of beams the 

first beam (B1) was a control beam while the other four beams 

(B2,B3,B4,B5) were strengthened in different schemes with CFRP to resist 

torsion. Phase two consists of three groups of beams each of them discuss 

the effect of a parameter on the torsional efficiency of RC strengthened 

beams. The comparison will always take place with beam B1 as a control 

beam and Beam B3 as the best scheme as concluded from phase one. The 

latter studies are suggested to aim at developing design oriented guidelines 

concerning the behavior of RC beams strengthened in torsion by FRP 

sheets. 
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CHAPTER 1 

 

INTRODUCTION 

 
 

1.1 BACKGROUND 
 

 For years, civil engineers have been in search for 

alternatives to steel and alloys to combat the high costs of 

strengthening and maintenance of structures. Since the 1940, 

composite materials, formed by the combination of two or more 

different materials in a microscopic scale, have gained 

increasing popularity in the engineering field. Fiber Reinforced 

Polymer (FRP) is a relatively new class of composite material 

manufactured from fibers and resins and has proven efficiency 

for strengthening of new and deteriorating structures, 

respectively. The mechanical properties of FRP make them 

ideal for widespread strengthening applications in construction 

as demonstrated in figure 1.1. However these materials are 

characterized by some disadvantages that might affect their 

efficiency and behavior in the construction industry. Among 

these disadvantages, such as weak fire resistance, two main 

defects are the most critical in structural applications. Those are 

typically the low modulus of elasticity as well as the linear-
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elastic tensile stress-strain relationship up to failure. In this 

respect, while the former property results in large deflections, 

the latter one would raise many causes of brittle failure and lack 

of ductility in concrete members.  

 

1.1.1 COMPOSITION OF ADVANCED COMPOSITE 

MATERIALS (FRPs)   

           
 Fiber Reinforced Polymer (FRPs) is a relatively new 

class of composite material manufactured from fibers and 

resins. Fiber Reinforced Polymer (FRP) composites is defined 

as a polymer (plastic) matrix, either thermoset or thermoplastic, 

that is reinforced (combined) with  fibers with sufficient aspect 

ratio (length to thickness) to provide a discernible reinforcing 

function in one or more directions. The resin is the glue that 

holds the composite together and influences the physical 

properties of the end product. 

 

1.1.2   MECHANICAL PROPERTIES OF  FRPs  

 All fibers have generally higher tensile strength than 

ordinary steel and are linear elastic until failure. The most 

important properties that differ between the fiber types are the 

Young's modulus and tensile strain. The tensile characteristics 


