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ABSTRACT

The corrosion of steel rebars has been the major cause of reinforced concrete deterioration. FRP(Fiber-reinforced
polymer) rebar has emerged as one of the most promising and affordable solutions to the corrosion problems of
steel reinforcement in structural concrete. However, FRP rebar is prone to deteriorate due to other degradation
mechanisms than those for steel. The high alkalinity of concrete, for instance, is a possible degradation source.
Therefore, the USA, Japan, Canada, UK, etc are using environmental reduction factor. Although difference design
guidelines were drawn in many, including USA, Japan, Canada, UK, etc, recommendations and coefficients that
could take into account the long-term behavior of FRP reinforcement were not well defined.

This study focuses on recommendation of environmental reduction factor of FRP rebar. Environment reduction
factor were decided using durability test result. FRP rebars were subjected to twelve type of exposure conditions
including alkaline solution, acid solution, salt solution and deionized water etc. The water absorption behavior was
observed by means of simple gravimetric measurements and durability properties were investigated by performing
tensile, compressive and short beam tests. Based on the experimental result, environmental reduction factor of
hybrid FRP rebar(A), and (C) and CFRP rebar was decided as 0.85. Also, hybrid FRP rebar(B) and GFRP rebar
were decided as 0.7 for the environmental reduction factor

Keywords : alkaline, acid solution, corrosion, design guidelines, deionized water
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Table 1 Environmental factors (JSCE)®

Bars Environmental factor
GFRP(E-glass) 0.77
AFRP 0.87
CFRP . 0.87

Table 2 Stress limiting factor for FRP reinforcement”

R 05 1.0 2.0 or more
F for GFRP 1.0 0.9 0.8
F for AFRP 1.0 0.6 0.5
F for CFRP 1.0 0.9 0.9
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Table 3 Environmental reduction factor?

Exposure conditions Bars Ce
CFRP 1.00

Enclosed condition space GFRP 0.80
AFRP 0.90

CFRP 0.90

Unenclosed condition space GEFRP 0.70
AFRP 0.80

Table 4 Environmental factors
(EUROCRETE-BISE)™

Bars Environmental factor
GFRP(E-glass) 0.30
AFRP 0.50
CFRP 0.60
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Table 5 Materials and environmental factors
(Norwegian standard)™

Bars i Denv
GFRP(E-glass) 08~1.0 05"

AFRP 07~10 09

CFRP 0.9~1.0 1.0

* The conversion factor for GFRP due to moist alkali
environmental may be taken equal to 0.9 if the
reinforcement is protected e.g. by rubber hose in

unbonded pre-stressing systems

Table 6 Mix proportions of FRP rebars

Fiber types
FTlg{/geb(;f' (Percent of volume fraction, %)
PVA E-glass Aramid Carbon
CFRP 5.0 - 100.0
GFRP 5.0 100.0 - -
Hybrid(A) - - 73.0 27.0
Hybrid(B) - 81.0 - 19.0
Hybrid(C) - 51.8 34.6 136
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(b) LVDT

(a) tensile test

Fig. 4 Tensile test set-up
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Table 7 Limited of environmental factor

Type Residua} In?:j;?;ﬂar Resid_ual Environ-
of fiber compressive shear stress tensile mental
strength(%6) strength(%) strength(%) | factor
~50 ~50 50~62 0.60
50~64 50~64 63~74 0.65
Glass 65~80 65~80 75~79 0.70
80~90 80~90 80~89 0.80
90~99 90~99 90~99 0.90
100 100 100 1.00
~50 ~50 50~62 0.70
Carbon 50~65 50~65 63~74 0.80
and 65~89 65~89 75~89 0.85
aramid 90~99 90~99 90~99 0.90
100 100 100 1.00
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4.2.4 CFRP B+
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(c) Residual tensile strength
Fig. 8 Durability test result of hybrid FRP rebar(C)
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Fig. 9 Durability test result of CFRP rebar
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Fig. 10 Durability test result of GFRP rebar
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Table 8 Environmental factor of FRP rebars

Environmental factor
T | A1 | 01 [P
Hybrid FRP rebar(A) | 0.85 - - -
Hybrid FRP rebar(B) | 0.70 - - -
Hybrid FRP rebar(C) | 0.85 - - -
CFRP rebar 0.85 0.90 0.87 0.60
GFRP rebar 0.7 0.70 0.77 0.30
AFRP rebar - 0.80 0.87 0.50
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