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Abstract 
 

Steel bridges and structures often need strengthening due to increased life loads, or repair 

due to corrosion or fatigue cracking. This study explored the use of adhesively bonded 

Carbon Fibre Reinforced Polymers (CFRP) flexible sheets and rigid plates in retrofitting 

steel columns and girders, through experimental and analytical investigations. The first 

part of the research program investigated the behaviour of CFRP-strengthened steel 

columns comprised of square Hollow Structural Sections (HSS). Fifty columns, 175 mm 

to 2380 mm long (i.e. with slenderness ratios ranging from 4 to 93), were tested under 

axial compression loads to examine the effects of number and type of CFRP layers, fibre 

orientation, and slenderness ratio. Transverse wrapping was shown to be suitable for 

controlling outwards local buckling in HSS short columns, while longitudinal layers were 

more effective in controlling overall buckling in slender columns. The maximum 

increases in axial strength observed in the experiments were 18 and 71 percent, for short 

and slender columns, respectively. An analytical fibre-element model and a non-linear 

finite element model were developed for slender columns. The models account for steel 

plasticity, geometric non-linearities, and residual stresses. The models were verified 

using experimental results, and used in a parametric study. It was shown that CFRP 

effectiveness increases for columns with larger out-of-straightness imperfections and 

higher slenderness ratios. 

 

The second part of the research program investigated w-section steel-concrete composite 

girders retrofitted using CFRP materials. Three girders, 6100 mm long, were tested to 

study strengthening of intact girders using CFRP plates. Eleven girders, 2030 mm long, 
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including girders artificially damaged by completely cutting their tension flanges at mid-

span, were tested to study the effectiveness of repair using CFRP sheets. The parameters 

considered were the CFRP type, number of layers, number of retrofitted sides of the 

tension flange, and the length of CFRP repair patch. The strength and stiffness of the 

intact girders have increased by 51 and 19 percent, respectively. For the repaired girders, 

the strength and stiffness recovery ranged from 6 to 116 percent and from 40 to 126 

percent, respectively. Unlike flexural strength, the stiffness was not much affected by the 

bond length. Analytical models were developed, verified, and used in a parametric study, 

which showed that the higher the CFRP modulus, the larger the gain in stiffness and 

yielding moment, but the lower the gain in strength and ductility. In general, this study 

demonstrated that steel structures can indeed be successfully strengthened or repaired 

using CFRP material. 
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