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Evaluation of Load Capacity Reduction in RC Beam with Corroded FRP Hybrid Bar

and Steel

Kyung-Suk, Oh', Jin-Man, Moon?, Ki-Tae, Park’, Seung-Jun, Kwon™

Abstract: Steel corrosion is a very significant problem both to durability and structural safety since reinforcement has to support loads in tensile region
in RC(Reinforced Concrete) member. In the paper, newly invented FRP Hybrid Bar and normal steel are embedded in RC beam member, and ICM
(Impressed Current Method) is adopted for corrosion acceleration. Utilizing the previous theory of Faraday's Law, corrosion amount is calculated and
flexural tests are performed for RC beam with FRP Hybrid Bar and steel, respectively. Corrosion amount level of 4.9 ~7.8% is measured in normal

RC member and the related reduction of flexural capacity is measured to be -25.4~

-50.8%, however there are no significant reduction of flexural capacity

and corrosion initiation in RC samples with FRP Hybrid Bar due to high resistance of epoxy-coated steel to corrosion initiation. In the accelerated
corrosion test, excellent performance of anti-corrosion and bonding with concrete are evaluated but durability evaluation through long-term submerged

test is required for actual utilization.
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Fig. 1 Corrosion initiation mechanism(CEB, 1997)
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(b) Photo of FRP Hybrid Bar

Fig. 2 FRP Hybrid Bar

Table 1 Mix proportions for the test

Unit weight(kg/m’
W/B  S/a Gmax Slump ght(kg/m’) AE

©%) (%) (mm) mm) W C S G ii @

496 500 25 150 171 293 886 897 52 1.73

AEE24MPaEA 12 BE TEWNE AW ET} ALLE S
), 38 7] AHES 913l 25 Fly ash7} 15% X238 &lv]& )
& AT

Ag ol AHE A= FEFE 400 MPa2] D13 o] A
3} 218 274 ©] FRP Hybrid Bar2 AH&-31 T} Aol AL&-H
i gHe] == H7F A A 28D ol A 2F26 MPa® A A
TEE A8 F e s S5 uie s ke
o} Fig. 30l& A gl W& =45 13 =5 Uepfth

32 AlHe| M H M=

2 230 U™ AekE Wrhstr] flal B AlE S A&
st o, ALY A8Al Bl 8705 40 mm=E 117
3tal 9 EFA1 S 20 mm(150x60x650 mm), 30 mm(150x70x
650 mm), 40 mm(150x80%x650 mm)2] M7}X] ~Fo2 A2}
BHaAth Al o] Al B B2 = E Fig. 40l YER AT

3.3 Impressed Current Method(ICM)

ICMol| &k A8 2712 o|n] B2 T4 e =]o] A
& FAHBaek et al., 2012; Sakurada et al., 2008). ICM- v
HE Z 27 23S 27 Anode 9} Cathode 2 =& A8
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Fig. 3 Compressive strength with time
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Fig. 4 Geometry of RC beam samples
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Fig. 5 Impressed Current Method(ICM)
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Fig. 6 Corrosion protection of the embedded steel ends
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(b) 30 mm

(c) 40 mm
Fig. 7 Photos for RC sample conditions after ICM(Up: RC, Down:
FRP Hybrid Bar)
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Fig. 8 Amount of current measure results

Table 2 Evaluation of corrosion amount after test

Types Estimated(g) Tested(g)
20 mm 53.9 523
RC 30 mm 46.7 47.5
40 mm 34.6 32.8
20 mm 0.0 0.0
FRP Hybrid Bar 30 mm 0.0 0.0
40 mm 0.0 0.0

Bare 719} 0.0%2] 24 E5< qu FRP Hybrid Bar2] U} 5-2]
Aiso] Yuk A o) H]3) -4 th= AL 3218 4 QJiTh
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Fig. 9 Evaluation of corrosion amount after test
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Fig. 11 Photos of samples after/before corrosion removal
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Fig. 12 Photo of flexural capacity test

B¢
M, = Af u(d— %)

(Eje,,)*  0855,f,
ff _ \/ f4 + E}Ecu — 0'5E}'€w = ffu (5)

Py

B A= p,(0.021)°] p,,(0.0165)E T L= 2] (4b)
& AH&S M, & Tkl A (6)3 2 2310l A pE EET)

et
p="= (6)

ARPEIL f,5295.5 MPaZ H7HH A O H, PE934KNS
2 3 7F= AT} Table 3004 2F AAIR 2] gh-& Ueh 1L
ATk

A= A3 Ael vlaslE A RC A7} FRP Hybrid
ar A|HOA BT o] EFIRT} £ shgo] WUt HIloH,
F21E RC Al A= o] 23R B2 gho] HrtE] o] -2
£ ek Aol J &S v F Ao 2 FAE ) Table 40l 3 7
T g7tol| o7t AAghS JERN IO H, Fig. 130l o] &%k
A A3 =AISAT

Fig. 13|41 FRP Hybrid Barl|4]<= Control ko] ©]&3kell

w

Table 3 Mechanical properties of the test

. b(mm) d(mm) L(mm)
Size
150 40 600
Re f..(MPa) A, (mm®) f,(MPa)
26 126.7 400
B I 4
GFRP  (MPa) “ (MPa) (mm”)
49000  0.003 1130  0.023 126.7

Table 4 Test results for flexural loading for RC samples

Cover depth Ultimate load(kN) Reduction
(mm) Control Corrosion  ratio(%)
20 13.2 6.5 -50.8
RC 30 12.8 7.0 -45.3
40 12.2 9.1 =254
) 20 11.3 11.9 +5.0
FRP Hybrid 30 15.8 15.7 0.6
Bar
40 16.4 20.9 +27.4
25
20
- 15
=
=,
e
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- 10
s |
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20mm 30mm 40mm
W Control ™ Corrosion
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25
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Fig.13 Comparison of the ultimate load
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