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Ttitle of Thesis

SHEAR STRENGTHENING OF RC DEEP BEAMS WITH NEAR SURFACE MOUNTED CFRP RODS

Abstract of Thesis

This research presents full-scale experimental and analytical investigations into the behavior of reinforced concrete beams
strengthened with carbon fiber reinforced polymer (CFRP) stirrups using Near Surface Mounted (NSM) technique. The
experimental work includes testing of twelve reinforced concrete deep beam specimens with dimensions (150 mm x400
mm x 1300 mm). Some variables, expected to influence the performance of the strengthening system are addressed,
namely, spacing of the rods, inclination of the rods, and presence of internal steel stirrups. Ten reinforced concrete deep
beam were strengthened, in which four of them were repaired after loading to (50-60)% of the ultimate load with carbon
fiber reinforced polymers (CFRP) rods. Two deep beam were tested without strengthening acted as reference beam
(control) to compare the performance with the CFRP strengthened or repaired beams. All the reinforced concrete beam
specimens were designed to have the same dimensions and were reinforced identically to fail in shear. All beams had
been tested in simply supported conditions and were subjected to four point load. The crack pattern, concrete strain
measurement, mode of failure and deflection of tested beams were studied.The use of NSM FRP rods is an effective
technique to enhance the shear capacity of RC beams. In absence of steel stirrups, an increase in capacity as high as 12-
38% with respect to the control beam could be obtained.The numerical models adopted results in good agreement with
experimental results and can be used to simulate similar models. The cracking loads, crack patterns, and ultimate loads
predicted are very close to those measured during the experimental testing. The finite element method gives ultimate
loads greater than the experimental results by (1% - 16%). Reducing distance between the CFRP rods gave an increase in
shear strength by 8%. On the other hand, the CFRP rods Orientated with 45-degree angle with respect to the longitudinal
axis of the beam is result in an increase resistance to shear by (6.4-11.3)% compared with beams shearing strength rods
90 degree .An equation has been proposed to predicate the ultimate load capacity increment using NSM CFRP rods for
strengthening concrete deep beams. (ANSYS 14.0) have been applied to representation numerical models and finite
element analysis. Results of numerical models were in good agreement with experimental results.




