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ABSTRACT To fundamentally solve the problem of deterioration of concrete structures, it has been researched that the high
durable concrete structure reinforced with the FRP rebar can be one of major solution to the newly-developed concrete structure.
FRP rebar has lots of advantages such as non-corrosive, high performance and light weight against the conventional steel rebar.
Among these kinds of FRP rebars, GFRP rebar has usually been considered as the best reinforcement because of its economic point
of view. Even though the material capacity of the GFRP rebar was already investigated, there are some problems such as low mod-
ulus of elastic that will be cause for degrade of the serviceability of flexural concrete member reinforced with the GFRP rebar.
Thus, the deflection characteristics of the GFRP rebar reinforced concrete structure should be considered then investigated. In this
study, ACI 440 guideline (2003), ISIS Canada Design Manual (2001) and Toutanji et al. (2000) was considered for predicting the
moment of inertia of the concrete beam reinforced with the GFRP rebar. And it was also evaluated that load-deflection relationship
had a good accordance with the test and analysis result. In the result of this study, it could be estimated that the load-deflection
relationship using the suggested equation of moment of inertia in this study indicated better accordance with the test result than
that of the others until failure.
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(a) Scheme of the GFRP rebar

(b) Detail of the GFRP rebar

Fig. 1 Newly-developed GFRP rebar and steel rebar

Table 1 The material properties of E-glass fiber and epoxy resin®

Epoxy Fibers
resin (E-glass)
Strength (MPa) 74% 1,840*
Tensile Modulus of elasticity (GPa) 2.73* 75.00*
Elongation (%) S5%* 1.3%*
Strength (MPa) 53 -
Compressive | Modulus of elasticity (GPa) 523 -
Elongation (%) 1% -
Flesural Strength (I\./ll?a) 123* -
Modulus of elasticity (GPa) 3.03* -
Specific weight (z/m’) 1.18* 2.50%
Water absorption (%) 3.01* -

*Provided by manufacturer

Table 2 The flexural design of reinforcement for the test beams

. Reinforcing Reinforcing ratio  |Design of GFRP
Specimens . .
material Actual Balanced | reinforcement
FSR2 GFRP 0.00427 0.0059 | Under reinforced
FSR3 GFRP 0.00640 0.0059 Balanced
FSR4 GFRP 0.00927 0.0059 | Over reinforced
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Fig. 2 The test setup and details of the test beams
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Fig. 3 Load-deflection relationship of the concrete beam
reinforced with the GFRP rebar
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Table 3 The summary of the test result

. Ultimate |Flexural moment (kN'm) .
Specimens | - — Mode of failure
oad (kN) | Experiment | Analysis
FSR2 57 19.5 12.1 Flexural tension
FSR3 | 64 22,0 18.1 Flexural
compression
FSR4 | 74 254 208 Flexural
compression
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o714 I, =The effective moment of inertia
M,,= The cracking moment (f,1,/y,)
M, =The service moment

I, =The gross moment of inertia
1., =The transformed cracked-section moment of inertia
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o714 a :span to depth ratio
L :span length
Aeyp - deflection (exp.)
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Table 4 Analysis parameters for calculating the moment of

inertia
FSR2 FSR3 FSR4
Centriod, x 16.40 19.90 22.10
y; (mm) 213.60 210.20 207.90
I, (mm*) 182,505,000 182,505,000 182,505,000
M, (KN-m) 2.66 2.71 2.74
L, (mm®) 8,288,067 11,966,056 13,738,339
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Fig. 4 The comparison of the moment of inertia by using the
conventional equation for FSR2 specimen
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Erpp=the modulus of elasticity of the GFRP rebar
E; =the modulus of elasticity of the steel rebar
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