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ABSTRACT

Recently, Fiber Reinforced Polymers(IFRP) has been emerged as an altermative material to solve the corrosion of
steel reinforcement in reinforced concrete structures. FRP exhibits higher specific strength and lower weight
compared to steel reinforcement. Moreover, good resistance to corrosion of the FRP may be useful in aggressive
environments causing deterioration such as chloride environment. However, causes for higher initial cost of FRP than
that of steel, little information on the long-term behavior of FRP, and brittle failure make the efforts to apply FRP in
civil structures slow. Glass fiber among the fibers used to manufacture FRP can be seen as the most beneficial
material with regard to initial costs. But its low elastic modulus, which attains barely a quarter of steel, may thus
lead to excessive deflections when used as reinforcement for flexural members. This research was carried out on the
tensile properties of hybrid rods made with glass and carbon fibers to improve those of FRP rod made with glass
fiber. Parameters were resin type and the arrangement of glass and carbon fibers. The tensile properties of hybrid
rods were compared with those of rods manufactured with only glass or carbon fibers. The results indicated that the
tensile properties of hybrid rod were good when the carbon fiber was arranged in the core.

Keywords : hybrid, carbon fiber, glass fiber, FRP, tensile strength
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Table 1 Type of FRP rods

Type A B C D E
Fiber | g | c39 | 637 | ¢37 | a7
Volume

fraction(%6)

Carbon fiber
placement surface

Cross— .
sectiona

a: Gray (G, glass fiber), Black (C, carbon fiber)

None Full In core Dispersed

Table 2 Material properties of fibers and resins

Tensile Elastic Elongation
Material strength modulus (Og/)
(MPa) (GPa) ’
Carbon fiber 4,900 230.0 2.10
Glass fiber 2,410 79.0 3.04
Vinylester resin 79 3.7 7.00
Unsaturated 62 3.1 5.00

polyester resin
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Fig. 3 Stress versus strain curves for non-hybrid rods
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Table 3 Results of tensile tests for non-hybrid rods

Experiment Prediction®
Type | Tensile| Elastic |Ultimate| Tensile| Elastic |Ultimate
strenth | moduls | strain” |strength{modulus| strain
(MPa) | (GPa) (%) (MPa) | (GPa) (%)
972 47.8
A-VE (2.3%) | (3.7%) 2.03 1,248. 41.1 3.04
R 1454 | 1148
B-VE 10.69%)| (4.3%) 127 1,935 92.1 2.10
_ 983 483
A-PE (5.49%) | (0.8%) 2.03 1,240 40.8 3.04
B 1431 | 1146 =
B-PE (40%) | (3.2%) 1.25 1,928 91.8 2.10

a ° calculated value using Eqs.(1) and (2)
b ! calculated value using test data
() : coefficient of variation
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Table 4 Results of tensile tests for hybrid rods

Tensile Elastic Ultimate Hybrld
Type strength? Modulus® strain® effect”
(MPa) (GPa) (%) (%)
B 1,281 80.4
CVE | a9 | (31%) 1.9 >
B 1,083 739
DVE |\ 3905 | (05%) 1.37 8
B 1,045 62.4
EVE | ey | ©04%) L68 5
B 1,331 83.1
CPE | 3%%) | (42%) 1.60 8
B 1,128 79.5
DPE 1 Q7% | ©04%) 142 14
B 1,213 84.0
E-PE 1 (foo) | (23%) 144 15
¢ =a/b

d: ‘c/E“Itof non-hybrid carbon rod
(): coeff1c1ent of variation
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