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Analysis of Failure Behavior of FRP Rebar Reinforced Concrete Slab based on FRP

Reinforced Ratio
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Abstract: Reinforced concrete structures are exposed to various environments, resulting in reinforcement corrosion due to moisture and ions penetration.

Reinforced concrete corrosion causes a decrease in the durability performance of reinforced concrete structures. One solution to mitigate such issues

is using FRP rebars, which offer several advantages such as high tensile strength, corrosion resistance, and light-weight than conventional rebars, in

reinforced concrete instead of conventional steel rebars. The FRP rebar used should be examined at the limit state because FRP reinforced concrete

has linear behavior until its fracture and can generate excessive deflection due to the low elastic modulus. It should be considered while designing FRP
reinforced concrete for flexure. In the ultimate limit state, the flexural strength of FRP reinforced concrete as per ACI 440.1R is significantly lower

than the flexural strength by applying both the environmental reduction and strength reduction factors accounting for the material uncertainty of

FRP rebar. Therefore, in this study, the experimental results were compared with the deflection of the proposed effective moment of inertia referring

to the local and international standards. The experimental results of GFRP and BFRP reinforced concrete were compared with the flexural strength

as determined by ACI 440.1R and Fib bulletin 40. The flexural strength obtained by the experimental results was more similar to that obtained by
Fib bulletin 40 than ACI 440.1R. The flexural strength of ACI 440.1R was conservatively evaluated in the tension-controlled section.
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Table 1 Environmental reduction factor for various fibers and
exposure conditions

.. . Environmental
Exposure condition Fiber Type reduction factor
Carbon 1.0
Concrete not exposed Glass 08
to earth and weather
Aramid 0.9
Carbon 0.9
Concrete exposed to
earth and weather Glass 0.7
Aramid 0.8
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Fig. 1 Detail of FRP Rinforced concrete slab

Table 2 Material Properties of GFRP and BFRP Rebar

Reinforcing | Nominal | Area Tensile Elastic
Material | Diameter | (mm) Strength Modulus
(MPa) (GPa)
GFRP 13 122 927.9+£20.6 49.0+5.4
BFRP 13 122 1067.2+103.9 50.5+6.2

Table 3 Balanced Ratio of FRP Reinforced Concrete Slab

p
Specimen pA(%) Z
Eq. ()* Eq. (1) Eq. (2)
GFRP 0.421 0.636 0.722
— 0.562
BFRP 0.332 0.504 0.571

*not applied an environmental coefficient
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Fig. 2 Loads-deflection relationship
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Table 4 Summary of Flexural test result

. Pcr 60“ Pult 5ult Crack .
Specimen . Failure type
&N | mm) | KN) | (mm) | spacing
180 Concrete
GFRP1 | 40.1 | 083 | 143.1 | 329 ~ crushing
270 & FRP rupture
140 Concrete
GFRP2 | 373 | 048 | 1329 | 300 ~ crushing
240 & Shear failure
130 Concret
BFRP1 | 390 | 082 | 1676 | 27 | ~ erete
crushing
210
110
BFRP2 | 427 | 054 | 1546 | 31.7 ~ Shear failure
200

S0 AN
= A
g 80 NN
= \W%
60 \ i
\ i —GFRP-1
40 4 | —GFRP-2
2 A BFRP-1
I BFRP-2
0
-4,000 -2,000 0 2,000 4,000 6,000 8,000 10,000 12,000 14,000
Micro strain (x10-°*mm/mm)
Fig. 3 Load-strain relationship
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Table 5 Different equations for the effective moment of inertia of
FRP-Reinforced concrete beam

Reference Proposal Model
Faza and Ganga Rao ;o 2311,
(1992) ™8I +15I
Benmokrane et al. M\ I M\
(1996) L ’( i3 ) T PO ) e =




Table 5 Continue
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A@ m /Er m
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Fig. 4 Comparison of load-deflection relationship between analysis and GFRP Reinforced Concrete
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Fig. 5 Comparison of load-deflection relationship between analysis and BFRP Reinforced Concrete
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Table 6 Experimental studies of FRP Reinforced concrete beams

Study Number of Specimen
Brown&Batholomew(1993) 6
Yost et al(2001) 12
Matthys&Taerwe(2000) 6
Al-Sunnna(2006) 20
Benmokrane et al(1996) 4
Duranovic(1997)
Alsayed et al(2000) 4
Barris et al(2009) 12
Al-musallam et al(1997) 3
Sonobe et al(1997) 5
Theriault et al(1998) 5
Aiello&Ombres(2000) 3
Toutanji&Saafi(2000) 6
Ashour(2006) 6
Pecce et al(2000) 2
Minkwan Ju et al(2016) 3
Dae-Won Seo(2007) 10
Mousavi and Esfahani(2012) 9
Iman Chitsazan(2010)
lzz * ACI 440.1R-15
i ° Fib bulletin 40

=
S
s

60 +

50

M_u(Experiment, kN-m)

0 10 20 30 40 50 60 70 80 90 100
M_u(Anlysist, kKN-m)

Fig. 6 Comparison of experiment-analysis relationships
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Fig. 9 Comparison of FRP ratio and failure type in transition section
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Fig. 10 Comparison of FRP ratio and failure type in
compression controlled section
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