Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 20, No. 4, July 2016, pp.051-058 PISSN 2234-6937
http://dx.doi.org/10.11112/jksmi.2016.20.4.051 elSSN 2287-6979

GGBFS 23 2|E9]| oiZ & NotchE 7+l FRP Hybrid Bar2| £AIXgHd Tt

L7, e, ARE”

Evaluation of Anti-Corrosion Performance of FRP Hybrid Bar with Notch in GGBFS
Concrete

Kyeong-Seok Oh', Ki-Tae Park’, Seung-Jun Kwon’ *

Abstract: Concrete structure is a construction material with durability and cost-benefit, however the corrosion in embedded steel causes a critical problem
in structural safety. This paper presents an evaluation of chloride resistance and pull-off performance with various corrosion level. For the work,
OPC(Ordinary Portland Cement) concrete and GGBFS(Ground Granulated Blast Furnace Slag) concrete are prepared with normal steel. Artificially
notch induced FRP Hybrid Bar is also prepared and embedded in OPC concrete and accelerated corrosion test is performed. Through the test, FRP
Hybrid Bar with notch is evaluated to have insignificant effect on pull-off capacity when corroded steel shows only 21% level of pull-off capacity.
Furthermore GGBFS concrete with normal steel shows over 70% level of pull-off capacity due to reduced corrosion currency.
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o2 U7l BAlZL washl ok, mﬁ 5ol gsfeld  H 2RS
2 A} E o] (o]l o3 RS = 4 gl=g], o]= © dTE0] &9 ﬁﬁﬁﬂoi%E]{Bellezze et al., 2006; Choi
TEH| FkslE R o]Foir gke Rz 3uk(Passive et al., 1994; Mohammed et al., 2014; Oh et al., 1992). =5 ¢
ﬁlm)% T3] 5le] H o] ZRAQ] BALL ofr]T) 270 A w258 ZIF E FTZEo BAXA I Z8HA A
L 2o 22 (Pitting) & AN ZE Ak 0] & 9 B ] Eof| H & #°|7] 912l FRP(Fiber reinforced plastic) Barg 2]-8-3+
AL ofy|ala A DT} 2 Zog|E] Rate S 7} A-E0] A|QF= ATH Choi and Jung, 2013; Zhang et al., 2015).
2N AR E THE) 7 AHE Jhdsr  FRP Bars iAol wls a7, R A, i
AZITH A E FEEZ O Ha HolWe| wap Balefe = AR T B2 T ARSI e Ao, =9l
7heo] EaeEs} wlelHs @abo] MG THBroomfiled, 1 FRP BT ARG 2 E P20 24 B AE

1997; Sadegh et al., 2015). A1 o] Ak A7 ©THHACL, 2006; KCI, 2008). 53] 34173
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S wEo] T2 Ao Stk aeutoloh e e S, B A ol R S, £ S, gt

2 g 52 xq3e] EFS E"’JE](Ahmed et al., 2015;
Almusallam, 2006; Choi et al., 2015; Correia et al., 2007; Sen
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Aot ol FAIE FRS BRI S 1), gHEo] 3o Q]
A48t A48 VA3 9o, HlnE =2 BATE AY
I 1t FRP Hybrid Barell tigh <A
Az 9 71%23Q1 F82 S tigk A74Seo et al.,
2013), F-21& 71 RC BEA ] HEHH Aol thet AT
7} 218 = A THChoi et al., 2015). 7]& A7A3}ol] =
FRP Hybrid Barol] 3] 215 F 55 A3 f7| 2811 9
ZA & I3t F2lo] Aol WAIEtA] 29k O(Choi et al.,
2015; KICT, 2013), ©]i= 71 %5 FRP Hybrid Barg tH’d .=
gk Ao, 4k B A& Bl uhe) A 4= QL= ol =E
A ZEjute] ZRA 0] A4S 1133 A= AR Al o]t}
B o3 Lo A= FRP Hybrid Barol] NotchZ 7}3} o] 3 =3
RS e ste] Halgol w2 A5l EAo] Wl
2 B35} t}. o] 2 $J3)| FRP Hybrid BarZ v @ 3+ #2125
TN S B AHEH] 50%2] 32 EE Al A|2ES
3 Jaj At o] Hojd 12 &1 v]E(GGBFS:
Ground Granulated Blast Furnace Slag)2 30% |33+ Z=g]
EE Alxste] IubE s vigstd o, £ A5 7t
g A vtk F2ls =St A9k Za E
252 H715H= Pull-out Tests 7]E0)| = Bo] o] o]
F AT Chung et al., 2008; Hakan et al., 2012), =X]& 7}%]
FRP Hybrid Barol| th&} Pull-out A &A= ufj$- A 3+2 o] T},

o

SAIE] FRP Hybrid Bar] 228587t

Ul 734 2 FRP Hybrid BarE v {3t 32| E 23435
A AlE-& AZE7] 21381 OPC(Ordinary Portland Cement)
ZAYES} GGBFSE 30% A3 FA EVE FH| = AT
AL Y= =A=24 MPaZ A9 01, 4% 4,000 em’/g
< 7}z GGBFS7} ARS-E STt Table 137} 20| A= A g ol A

Table 1 Mix proportions for OPC concrete

W/B  Sa  Gu Slump  Unit weight(kg/m’) AE
%) (% (mm) (mm) w ¢c s G (kgm)

50.0 50.0 25 180 175 353 888 902 247

Table 2 Mix proportions for GGBFS concrete

Unit weight(kg/m?®) AE
W C Shg S G (kegm)

W/B S/a  Gumax Slump
(%) (%) (mm) (mm)

50.0 50.0 25 180 175 247 175 885 892 247
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(b) Cross section of FRP Hybrid bar
Fig. 1 Photos for FRP Hybrid bar



100m
¥ 2 .Eagwmuu
T i Jy
£/ SRR
100mm 7o MIWII'

4

100mm

(a) Geometry of specimen

(c) Concrete curing

Fig. 2 Specimen geometry and preparations

Fig. 3 Notch inducement in FRP Hybrid Bar
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Fig. 4 Schematic diagram for ICM

Fig. 5 Photos for IMC test
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71&2] E&lo|| thakatA 2715 o] UrkSong et al., 2003,
2006; Lee and Kwon, 2012).
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Fig. 6 Compressive strength development in OPC and GGBFS
concrete

Table 3 Corrosion ratio in control test

Period(day) Theoretical(%) Test(%)
1 0.70 2.50
3 5.97 4.30
5 9.89 9.49
7 17.27 16.58
10 36.17 34.72
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Fig. 7 Comparison of corrosion ratio

(b) Test setup for pull-off

(a) Specimen preparation

Fig. 8 Photos for pull-off test



Table 4 Results in pull-off test in OPC and FRP Hyrid Bar

Period (Day) 0 1 3 5 7 10
177 275 178 39 - -
OPC
Load 18.8 298 19.7 4.0 - -
(kN) 233 261 275 256 267 259
FRP

275 272 265 268 278 260

35

30

25

20

Load (kN)

15

O FRP
O oPC

e FRP Average

= OPC Average

10

T T T T T T u u < T
0 1 2 3 4 5 6 7 8 9 10 11 12

Time (Day)

Fig. 9 Results in pull-off test in OPC and FRP Hybrid Bar

lday  3day

5 day 7day 10 day
Fig. 10 Photos for corroded steel after pull-off test in OPC concrete
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& A FHEE 7 7S QIO EE 0~10% =
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Table 5 Results in pull-off test in OPC, GGBFS and FRP Hybrid
Bar with notch

Corrosion ratio (%) 0 2 5 10
17.7 29.1 16.6 43
OPC
15.2 27.5 18.8 3.5
233 26.1 27.2 28.3
Load FRP
(kN) 27.5 273 26.8 27.5
17.5 22.0 17.2 13.7
GGBFS
16.3 25.2 18.5 14.4

35

30

25

20

15

Load (kN)

O OoPC
10 4 £ FRP (with Notch)
[0 GGBFS 30%
= OPC average
- FRP (with Notch) average
e GGBFS 30% average

5

0

o 1 2 3 4 5 6 7 8 9 10 1
Corrosion Ratio (%)

Fig. 11 Results in pull-off test with various corrosion level
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Fig. 12 Photos for corroded steel after pull-off test in GGBFS
concrete
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(c) Corrosion level 10%

Fig. 13 Measured current in OPC, GGBFS, and FRP concrete

56 SFIFZSTCRIY2IFEHE =2 20 HM4E(2016. 7)

Table 6 Normalized load to control case (OPC concrete)

Corrosion ratio (%) 0 2 5 10
Ratio of OPC 1.00 1.55 0.97 0.21
pull-off FRP 1.39 1.46 1.48 1.53
load  GGBFS  0.93 1.29 0.98 0.77
204 mmm OPC
B FRP (with Notch)
Slag 30%
1.6

Force ratio

1.2 4
0.8 -
0.4
0.0
2% 5%

0% 10 %
Corrosion ratio (%)

Fig. 14 Ratio of pull-off load with various corrosion level
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S Zoh B ATFE fraAd o RIS ol E A &2 YA3E A7) FRP Hybrid BarS 283 22 Edl] tha) el T A4 3} 2242
of| W& F2kA) 52 U5 o1 & 28 Yut A E 88 OPC(Ordinary Portland Cement) A3} GGBFSE 30% 213 Al ol T3]
BL2)8 0~10% 715k 222 -S 71819t 3 FRP Hybrid Barts ol ZA] ZH O Q8] BE oA 74 1do] v $- 2o o
notchE U912 0.2 7}ste] OPC Z A Eoll W GAIZ 01, o] & B2 U3 & s stqich A3 A, F-2l9 Ao H#230] 21% TF&
743l = FRP Hybrid Baroll 'HAJ € notch= -2 o] 2 g a¥o] Qli= 2102 7= QAc). &3 GGBFS A ES AME-3 A9 44, 3
AF7} 7Hadto] Aubd 28 RS = 70%0) 3] ke S f-A8ka Tk

;

HAEO YA, F2l, A Y, 125 2], FRP Hybrid Bar

58 SHRPEZFICL XM ZEHE =2 F X202 M4Z(2016. 7)





