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 Strengthening of reinforced concrete (RC) structures with 

externally bonded FRP composites has become very popular 

around the world over the past decade due to the well-known 

advantages of FRP composites over other materials. Advances in 

material science have led to the production of a novel patented 

material, commercially known as Grancrete. The material can be 

used as special cementitious materials for new constructions, repair 

of existing structural elements, sprayable coating for protection of 

structures from severe surrounding environmental conditions and 

for fire resistance applications. Using Grancrete as an adhesive 

material for the externally bonded fibres to concrete substrate 

allows increasing the strengthening limits in the current codes as 
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they are primarily based on the low fire resistance of Epoxy 

adhesives. Therefore, it is expected to lead to a more economical 

design and expand the service life of strengthened concrete 

structures. 

 The main objective of this research was to investigate and 

evaluate the effectiveness of the proposed fiber reinforced 

Grancrete (FRG) strengthening system, using Grancrete paste as 

an adhesive material for flexural strengthening of reinforced 

concrete beams with different types of externally bonded fibers 

(Basalt grid sheet, Steel reinforced polymers (SRP) and Carbon 

strands sheets). The thesis is extended to study the effect of 

different parameters believed to affect the bond characteristics 

among Grancrete, concrete and the different types of fibers. The 

main variables included the type and configuration of the 

strengthening scheme, Grancrete thickness, and presence of U-

wraps. The experimental program undertaken in the current study 

consisted of three phases. The first phase was designed to obtain 

an optimum Water/Grancrete, W/G, ratio to be used in the mix 

design of Grancrete using compressions cubes. The second phase 

was designed to evaluate the bond strength of Grancrete with 

different strengthening systems including Basalt Grid, Steel 

Reinforced Polymers, etc. Different tests were conducted on 

concrete slabs measuring 600x600 mm to examine the bond 

characteristics of different strengthening schemes. The third phase 

focuses on real applications of Grancrete in flexural members. A 

total of thirty-two T-Section concrete beams were constructed and 

tested at the Structural Laboratory at Ain Shams University. The 

beams were strengthened using different FRP externally bonded 
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systems. The beams were tested using four point bending setup. 

Test results demonstrated that most of the specimens were likely to 

fail by debonding of the FRP from the concrete either at the ends or 

at intermediate flexural cracks. Due to the complexity of debonding 

failures, considerable uncertainty still exists with the failure 

mechanisms and the prediction of debonding failure loads. This 

research presents an in-depth study aimed at the development of a 

better understanding of debonding failures in RC beams 

strengthened with externally bonded FRP systems, using Basalt 

Grid sheets. No significant increase in load carrying capacity of the 

beam nor decrease in the maximum deflection were observed using 

Basalt Grid fibers.  Using SRP sheets and Carbon strands sheets, 

the beams were most likely to fail due to sheet end debonding, the 

use of U-Wraps provides better results compared to the similar 

unconfined specimens and leads to a significant increase in the 

load carrying capacity of the strengthened beams which reached 

almost double the load carrying capacity of the control specimen.  

Research findings indicate that published analytical approach of 

Malek et. al., 1998 for plate end debonding fibers can safely be 

used to predict the plate end debonding failure moments. The 

classical cracked section analysis method can be safely used to 

predict the ultimate flexural moments and deflections. 

 Rational model was developed to predict plate end debonding 

mechanism of Grancrete strengthened FRP systems. The model 

was validated with test results. 

Keywords: beam, concrete, externally bonded FRP, Grancrete, 
SRP, Carbon Strands, Basalt Grid, strengthening, debonding. 
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