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Bond Behavior of Carbon Fiber Polymer Reinforced Polymer Rebar in
High Strength Concrete with Replacement Ratio of Silica Fume and Metakaolin
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Abstract

This study is to relate the bond characteristics of CFRP rebar in high strength concrete incorporated with
silica fume(SF) and metakaolin(MK). An direct bond test were performed to evaluate the effect of SF and MK
on bond properties of high-strength concrete and CFRP rebar. The high strength concrete mix included four SF
and MK mixes with 0%, 5%, 10% and 15%. Results of bond performance experiment in relation to pullout vs
slip behavior of FRP rebar and high strength showed better performance of SF than MK. Also, the results
showed the improved bond strength as replacement ratio of SF and MK increased. The relative bond strength in

which 1.3~3.2 of estimated values were obtained.

Keywords : Bond characteristics, CFRP rebar, High strength concrete, Metakaolin, Silica fume.
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2007b,c). Ly ofFA] m=ubELY] AL o8k 9
AlFA] Tato] BiAZ HEo SEF 59 At

WAl BAS SR AL WAl 3

sk 59 Aol UTHACT 440H, 2000). o
ghA, o3t BAIRE FFHoR SfdstaA}; vl
Aol M7y Zejw 27 (Fiber reinforced
polymer rebar; FRP rebar)ol| thst A7} A3y
i glon wostE FIPE fRES He W B
AR FelAde del ol85ar Qt 2=
A4S AR AdEE w5 F2E Y TR E
Zgo] Z7F3laL QlcWon 5, 2007b,c, ACI 440H,
2000; Galati %, 2006). 3HH, szl a} $Ro
P A3 e FAYE FREY A ZAE
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o= 77171 g dh A= glow, 7H
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A IS H7Iste] CaO-SiOHIE WA gozy
skl QltkBonneau 5, 2000). 53] A7RE
2 7] Yol f=pstar stekA Yol f4eat
o] 1e FAE| 7Pg e HeE= AEolot
(Abdul Razak 5, 2005a). 2124t =uUje] AL A
2j7hEo] AYARER] ¢H7] wiiEol] Yol HHoR 9
Estal ook, X2 AgkE] dAAER vezkE:
g T3k A7t Z18YEAL QItiWon &, 2002).
HEpREEe FAsH AdE 293t 7S
o AAEE AR F olE aAste] S o
o, YA YR uEsst Aojrh wERFREHS
AHIES] SR E AMSO RN FAEQ 7
& MAAZIE 2Pt Qe ACE BaEi §)
thJean Para $(1998), Wong &, 2005). €3] H|
EpeEle dr|H o2 o ERIALO|Eettringite)2] AY
A} AWE o] FaaEel oeto|E(alite)o] A
3pE Qg W& REe] TR 2I|REE T
AL A7 oR AMIES] LARKEET ZETHEEO
2 ZadE zAo| AdstEe] e P S
FINOEN 1PE EAZEY AHFZE ZAoR
A4#A QItHMoulin 5, 2001). HEFREEE Al
27hgol Hlsto] Ay Aplo] FHskaL 1tE &

fEo AEA AASS A = ot 2

oM HEFReH 9 Al7kg AghEo] T &
A2 ECQL FRP HZte] HEA njA= F3ks
B7kekgicy. FRP B7te e /A 9swe] H]
7b A7) gl FAPE F=
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59 AAsH 22
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B JEAo] glo] djofrrE 9 fEltxRE|
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o s WRsly] HalA nEjEolor & B &
of slur} 232|ES}F FRP H7bLe] B2l EAo|tt
(Focacci %, 2000; Haddad %, 2004). 1 o]89=
TAYE FxEo| B sa ZITE wjEYA
ZRE FRP BTz AYyy| wEo|tHHaraji
5, 1994). FRP By F3E wjEgAT &
Aol WO WAL Hlwste] FESE B
aNE gAE £ gltk(Cosenza 5, 1987). 132
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2 FRP HZ} ZADEQ] HAEAHL S5 2]7}4&(Table 2), WEFHEH(Table 3)3F 2|7k
B7l=lofok ghr} & AFolA= 70E ZAE A WAt 71 ABAE ARSI AR
A HeREY 9 Agzigo] FRP RS F& 7hEL} He e SFek AJuS Hlael] HH A
EA0l Al P % 7P°P‘214 272 Si0y7F 4R Eolql= WA et
<L Si0.9F Al0s7} T*é]—tvl—ol % %]' Ut
. =2 . . N
= (carbon fiber reinforced polymer rebar)—% AR
o pASSReR 117:1 /\/\40 BlY oA
1. N2 Act. ®H7 Imm=E Bt ['dolAH
TAZ AF7E GdE0] glom, S Heold 7
15 ZSWE AFIE(Table D&} HIF 2.619] %+ &5 oot BHE = WA FHAY WHol
A 2 F22A HA4 13mme] F<= 24, A 8=}, ol9f T2 HHAY 7les ARSSE ol
Table 1 Physical and chemical properties of cement
Setting time Compressive strength(MPa)
i Fi (cm/g) | Specifi ity|  Stability (%)
Physical - Hneness \em/e) | sbectic gravity)  SEAY T ™ el (i) | Final (min) | 3days | 7days | 28days
properties
3,200 3.15 0.02 220 400 20 30 38
Chemical LOI (%) MgO (%) S03 (%)
properties 15 3.0 2.0
“ Loss on ignition
Table 2 Physical and chemical properties of silica fume
Specific gravity| L.OI(%) | Fineness (cri/g) Si0s (%) | AOs (%) | FesO3(%) | CaO (%) | MgO (%) | KO (%) | NaO (%)
2.2 2.8 180,000 ~ 200,000 94.0 0.3 0.8 0.3 0.4 0.8 0.2
Table 3 Physical and chemical properties of metakaolin
Specific gravity | L.OJI(%) | Specific surface (cm/g) | Si0s (%) AlOs (%) | Fex0s (%) Ca0 (%) MgO (%) K0 (%)
2.62 0.50 12,680 52.1 41.0 4.3 0.1 0.2 0.9
Table 4 Mix proportion of high strength concrete
Unit materials contents(kg/m")
Mixtype | WB@ | 92 @) : = il
W B C Coarse agg. | Fine agg. MK SF HRWRA AE
Control 660 - -
SF5 627 - 33
SF10 594 - 66
SF15 25.0 42.0 165 660 561 889.80 597.81 - 99 11.88 0.396
MK5 627 33 -
MK10 594 66 -
MK15 561 99 -
“ Binder(cement + mineral admixture)
" Metakaolin
" Silica fume
“: High range water reducing admixture
. Air entraining admixture
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Table 58} 2t}
T oF 2 047MPa
2 Yehgon, % 14%— 120 876MPa® UERG
t}. CFRP 279 71& CFRP R
I F Zol= §lStHWon 5, 2oo7c).

A @23 CFRP

Table 5 Tensile test results of FRP rebars

No. of
specimens

Elastic modulus
(MPa)

Strain
(%)

Tensile strength
(MPa)

2,120.56 1.93 109,873.52

1,995.37 1.78 112,099.44

2,032.82 1.51 134,623.84

2,043.23 1.61 126,908.70

2,047.99 1.71 120,876.37
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Table 6 Results of relative bond strength

Replacement Relative bond  [ncrease relative
Concrete type percent strength bond strength
%) (t/V £ @
Control 0 1.34 -

5 1.42 6.56

SF 10 1.55 11.56

15 1.59 18.81

5 1.36 1.92

MK 10 1.43 6.58

15 1.55 15.06
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