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Summary: 
The flexural behavior of reinforced concrete inverted beams strengthened in flexure 
was studied in the following thesis. A total of thirteen beams were experimentally 
tested in flexure. Twelve beams were strengthened in flexure using externally bonded 
CFRP sheets and steel plates. In addition near surface mounted CFRP strips were also 
used in strengthening of the inverted beams. 
  
During the tests certain variables were put into consideration. The effectiveness of 
using different strengthening material such as FRP and steel was investigated. Also, the 
significance of strengthening an inverted beam at the edges of the web and flange rather 
than at the centre of the web was analyzed. In addition, the effect of using different 
bonding lengths covering the whole clear span and half the span was tested. Moreover, 
the effectiveness of steel bolts and U-anchorage system on the behavior of the 
strengthening material was also observed and studied. 
 
During the tests the ultimate loads and failure modes of the strengthened beams were 
recorded and observed. Also, the strains in the main reinforcement and the 
strengthening material were recorded. In addition the load deflection curve was plotted 
and the ductility and rigidity of the beams were calculated and induced from the curve. 
Finally a list of conclusions and observations were identified and recorded at the end of 
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Abstract 

 
 
 
Strengthening and rehabilitation of concrete structures using externally bonded 
materials such as steel plates or FRP materials has been the concern of many 
researchers. Extensive research has been done in this field in order to fully understand 
the behaviour and the composite action of the concrete structure and the externally 
bonded material. In fact this strengthening technique has proven to be very effective in 
fortifying the rigidity and strength of the concrete element. However, most researches 
have been made on rectangular beams and T-beams; while the information regarding 
inverted T-beams is rather limited. 
 
Inverted T-beams are found in many structures like residential, commercial buildings 
and bridges. Nevertheless, limited information regarding the strengthening and 
rehabilitation of inverted T-beams is available; this was the main concern of the 
following research. In the experimental program the main concern was to understand in 
depth the behaviour and performance of strengthened reinforced concrete inverted T-
beams in flexure. Based on the research findings; a fundamental criterion was to be 
identified regarding the techniques implemented in strengthening of such beams. 
Externally bonded steel plates, externally bonded CFRP sheets and strips and near 
surface mounted CFRP strips; were used to strengthen the concrete beams 
 
A total of thirteen reinforced concrete inverted T-beams were tested. Twelve beams 
were strengthened using different techniques. During the experimental tests, the method 
of bonding of the strengthening element to the concrete substrate, the efficiency of the 
strengthening material, its length and position were put to the test. Based on the test 
results the efficiency and applicability of each strengthening technique for each beam 
was identified. 


