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ABSTRACT

In recent decades, high strength concrete HSC has been widely used
in concrete structures, especially in high compressive stress elements and
high rise buildings. HSC however, is characterized by lack of ductility
which limits its use. The addition of steel fibers to HSC imparts post peak

behavior, increases roughness ratio and energy absorbing capability.

Conventional steel bars usually exhibit corrosion in humid
environments, river-side, seashore and offshore structures.

GFRP and CFRP bars are chosen as internal reinforcement for
concrete structures, particularly when corrosion resistance or
electromagnetic transparency is required. Both GFRP and CFRP bars,

however, are still not recommended by many codes like as columns.

The present study aims at evaluating the performance of FHSC
columns reinforced with either steel, GFRP, or hybrid (steel with GFRP)
bars. A series of 60 square reinforced concrete columns of 125x125 mm
cross - section, 510 mm effective height and 710mm overall height were

casted and tested under concentric and eccentric loads.

The specimens were divided into three series with nearly the same
longitudinal reinforcement ratio. Each series contains 20 columns, and
divided into five groups tested at eccentricity e = 0, 16, 32, 48, and 64
mm. One column in each group is cast without steel fibers, and the other
three with 1.2, 2.4, and 3.6% steel fibers by weight of concrete.

The first Series (S) was reinforced longitudinally with four 10 mm
diameter steel bars having reinforcement ratio pg = 0.0195, the second
Series (G) was reinforced longitudinally with four 10 mm GFRP bars
having reinforcement ratio pg = 0.0197, and the third Series (H) was

reinforced longitudinally with one 10 mm steel bars and two 7 mm GFRP
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bars on two opposite faces having reinforcement ratio pg = 0.0181. All

the columns were reinforced transversely with 6 mm steel ties at a

spacing of 64 mm c/c.

The test results showed that for axially loaded columns, the average
load carried the reinforcement is 9.1% of the total load for columns
reinforced with steel bars, 3.3% for columns reinforced with GFRP bars

and 6.5% for columns reinforced with the Hybrid bars.

The test results showed also that the ratio of the load carried by
columns reinforced with GFRP bars, or Hybrid bars to that reinforced by
steel bars ranged (61 - 95.7) % and (74.1 - 99.9) % respectively. The ratio
1s increasing with the increasing of the volume fraction of the fibers, and

decreasing with the increasing of the eccentricity.

The steel fibers increased the load carrying capacity of the tested
columns over those without steel fibers by (1.3 - 11.6) % for columns
reinforced with steel bars, (1.5 - 23.1) % for columns reinforced with GFRP
bars and (0.9 - 27.9) % for columns reinforced with Hybrid reinforcement.

Spalling cracks appeared only in columns without steel fibers.

The average compression stresses created in the reinforcing bars for
columns reinforced with GFRP bars and loaded at eccentricity e =0 or 16
mm is 67% of that for columns reinforced with steel bars. For larger
eccentricities (32, 48 and 64 mm), the compression stresses decreased to

22% and the tension stresses to 36% of the corresponding steel stresses.

In general, the measured deflection, reinforcement bars and concrete

strains are decreasing with the steel fibers weight at a certain load level.

The CSA gave safe and reliable prediction of the load carrying
capacity of all the columns. The ACI gave unsafe prediction of the

ultimate loads for the columns reinforced with GFRP bars.
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The predicted values of the ultimate load using ACI are (4 — 20) %
higher than that obtained by CSA for columns reinforced with steel bars,
(6.1- 25.3) % for columns reinforced with GFRP bars, and (8.8-2.5) % for
columns reinforced with Hybrid bars. The calculated values of the
balanced loads for columns reinforced with steel or Hybrid bars were

increasing with the steel fibers weight.

The predicted values of the neutral axes depth using the ACI are
slightly higher than that using the CSA for all the columns.
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