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Flexural Behavior of RC Beams Strengthened with CFRP Plate
Using Multi-directional Channel-type Anchorage System
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Abstract

The aim of this paper is to clarify the structural performance of RC beams strengthened
with Carbon Fibre Reinforced Polymer(CFRP) plates using channel-type anchorage system.
Twelve RC beams were specifically designed without and with a channel-type anchorage
system, which was carefully detailed to enhance the benefits of the strengthening plates. All
the twelve beams were identical in terms of their geometry but varied in their internal
reinforcement, concrete strength. All the beams were tested under four point bending and
extensively instrumented to monitor strains, cracking, load capacity and failure modes. The
structural response of all the twelve beams is then critically analyzed in terms of
deformability, strength and failure processes. It is shown that with a channel-type anchorage
system, a brittle debonding failure of a strengthened beam can be transformed to an almost
ductile failure with well-defined enhancement of structural performance in terms of both
deformation and strength.

2 X

=] HAL A SR AIAE ARl CFRPECE HAGE AIZADE He| 24
grkske Aotk F 12749 A@AIE AlFeliom, o] Fele el a84ds wol7] Sl A

=3 @At ARSEA] ek AIRAIZE Siek. BE AlRAle] @ Ar]E s,
o 2B A=E MY skeAlshe R AlRACA 43 Ao JRgEen, 7
of WigE, 44, ste, 3 ARETL AR ol SHEAH BE AlgAlY] Aldde WY, e, a7
rE SHor FAFNY. dddde e 245 Sei ALY DR EAEAE AR RCEE
S| RErt FAaE FAu oA WMoy A SHdlA 724 o] il FE A drER
dese AS AT & 30t

N XL

2

Rt oft offt

Keywords : CEFRP plate, Channel-type anchorage system, Debonding failure, Ductile failure
dal Bof : Bangw A9 WRAAER K g

R34, FRUSy BEETET AAA, FEEAL E-mail : hong@chungbuk.ac.kr 010-4466-3478
s, FRdEy BERYed wg, FEhkal o B =84 i3k Eo)E 2008 4% 30¥7HA FEE Hy

FAH 20089 T€5] ERZAN}E AAMNMAEFU

Zprexcets|x| H12# ®M2seoos. 3) 171

@



HAEZAE FRES AlRt] Agd met 724
EE AR Qo QIF R BkR Qle TEE]
ol AstEle BAdE o ok oHd #AE
< dda] 8l x2S AxEske Aele tit
o AR} G Aol 87| vl PR

(e}

wate s s 28402 FurII7] $ig By
B o] i 2483t Ha 31 : a‘ﬂ%oﬂ% 9q
ARl 543 yFAol g B

A olE ol&e AREARA Zﬂ(ﬁbel reinforced
polymer, FRP)7} 7+ o4&

= Atz S7kska vk 131‘/} CFRP*H:% o4
g B e R ZURES B Bo] £

1=}

5

4 9 9ol WS CFRPHO| 388 A5

AWIE A 2] shlse BAME dn 9
D}- (1)(5)(6)(8)(9)

ol BRYH ARYAAE ol §le] 27]543)

= YA e ?7} o] 2 AatEe] 2]}
FET. Wgde CFRPEE AR 345
oq FR7}5l1 CFRPHS BFANG4HER B 3

Zalo] PAES At Addy B E
2 BRyzd HEe I3Ey) HYiA ol FRP#
o] g Radolel Fyld wEh Srle i EEs
o} wa, wE =We Hpgalex Hugzaz
o], BRAAY melum BRYIAFo Wk Adw
2 3] CFRP#OZ H7HE RCHo| gt A

J

J
!

+ 3] 1%
< AAEAR, gadfEe] BRYRade 3
Aaroln dRAREe Add FRETE 2
s gRIANE FRaI vvlsitin BEs)
dot. 237 5Pe genEeR AdE Gy
A5 Abgelel CFRPHS @423 Ro tid ¥
NEE ANsl] g de 27998 WA 4 9l
on A9Z7} 9 SFT Bk vl S5sitkan 8

172 st RREXICHEtEX| H12# XM2& (2008, 3)

I AFB R
B Aol ARA A %’4614 w =

5 ESUSARIES ALgaiglon)

oJste AgaIict. EaelEe) Eﬁz}:—wt

A7 9ok Ea 4FA ol A
AAE ol gt WHe T2

| 918 &4 sl |m, 3 Azl
47 BN AgSIE et 9
e 2 Aol deEade
%3 i} Sefue] wE 4 go)

A% AdEe BRgRYAS
4§34 RCRS DA% AdE

1T 5
= 25mm

24MPa

3} 32MPa® AABIAoY, 2100x 200mm 7]

ry
tlo
>..

2}

CEX)

g ARsel $FPYT F AY 28290 =
ki OL%‘%}EE‘ 27y 23MPa®t 29MPaZ e
<2 KS D 35049 <3
AHgade.

= SD400

etz 7 AT™ZLe DO

Al AH- CFRPE-E
AEoZN FAE 1.4mmeld iq:LFJr v wake] gy
A%E 3.5GPa AAT A7}

Hestiom, 2 Ag S Table 13

292 SAMA e

W, CFRP#9] H&o| Algd o ZA ]E ZE].- 3] At
A A AFoEA As EAFe 2 Table 2
3% Zo
Table 1 EZ22o| Mg SMEt
Aax5 AT | A= JEZE | TS
(MPa) (MPa) (MPa) (%)

D10mm* 626.2 500.7 17.8
D13mm* . 622.2 498.7 20.0
— 2x10°

D16mm* 732.1 476.2 16.3
D19mm* 683.1 465.8 16.4

* KS D3504 SD400, INI Steel Company



Table 2 CFRPEe| M2 47t

= A5 e el
A FE
(MPa) (MPa) (%)
S & P Laminate
(150/2000) 165,000 | 2,700~3,000 1.2
Table 3 ol ZAle] M2 S MU
SET= A= A=
zm 7
AE (MPa) (MPa) | (MPa) | °™
Epoxy
Lesin200 80.3 42.2 3.0 84
22 CtetsF CFRPE M &A= H &

Z}zt 1 A%

Al

\=]
&

3
=,

a3 A

2 AFelA JidE Ady G 2gA= Fig. 1
Z shald, 181 CFRPHCE

AIEAR] f2ldf{Class Prepreg)
7] B4 5-(Carbon Prepreg) 5%
oz FAEY. FRHFAIZ Torﬂ“?r'; s JL“M]

s5o] Ul 4

F CFRP®} $<

CFRP%

5]

CFRP%

7] 9l ALE YLk A - Bl HH.Q.
=S Hﬁuﬂ Zalx] B9l Act

-45°(Carbon) / 90°(Carbon) / -45°(Carbon) /
+45°(Carbon)/ 0°(Glass) 2 A&t Ade] F
Ae & 1.6~1.7 mm F=ol™ 4 - 3H Ado] HE
=9 ¢k 3.2~3.5 mm A=9 AU} HY, FIYE

o 4isle ZWAY ZHole 20mmeolth. ©RAHE
e dweF CFRPHS Fig. 20 Yehd Az} 2ol
ARG sAldAleld] Yo HAFES AHESIA
HAs] AZsiank. Al AHeE HaAdEe] A3A
WA =(Lap shear strength)& 50MPac]H, H22
o] ARoA dLetA FdE F U=F API=E F

7l Sk
2.3 AlEA M=

2.3.1 AlgA xﬂ&‘

Ay AAAE AL3 CFRPE 27F FFA<
s Mans 24 —3}7] A8l Fig. 37 2 AldA
S 120 AFsith. AlgAlel 271E Zel 3300mm,
Z 400mm, %°] 220mme] AE TS zhe W
AZBIG), o] AlgA Woll= Fvkey CFRPH
o7} B Aol Adui s E 2 A8
7] 98 AYEZL 150 mm HE o & wjasich.

| 1200 |P2 PR|, 1,200 400

\ \?ﬂ\y ] \1 l\ \ \7\@70\ ]

‘150 s
I

T IN Lot

220

D10, D13, D16, D19

Fig. 3 Al&A AMMI(EH

mm)

SRALSRICHEEA| 10 H2Ee008. 3) 173



Table 4 Al A A

ZAYZE | B4 | AR ] | E ] | P AR o]
(MPa) | Zo] (%) (%) (mm
MIII-U 23.0 - 1.40 0.86 -
MIII-S 23.0 0.8L 1.40 0.86 0
MIII-1 23.0 0.8L 1.40 0.86 300
MIII-2 23.0 0.8L 1.40 0.86 350
MIII-3 23.0 0.8L 1.40 0.86 400
MI-1 23.0 0.8L 1.40 0.30 300
MII-1 23.0 0.8L 1.40 0.55 300
MIV-1 23.0 0.8L 1.40 1.26 300
HI-1 29.0 0.8L 1.76 0.30 300
HII-1 29.0 0.8L 1.76 0.55 300
HIII-1 29.0 0.8L 1.76 0.86 300
HIV-1 29.0 0.8L 1.76 1.26 300
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Table 6 EZ =2l H|u
A9 7 =7 33 1 7 @ 974 CFRPS T3Y%% (kN - m)
A+ p (%) oy (%) p (%) v &= (MPa) | AMA M, | BABAM,
MII-1 0.159 0.432 0.165 A AL 1,237 69.545 72.181
MII-2 0.159 0.432 0.165 A AL 1,237 69.545 69.063
MII-3 0.159 0.432 0.165 - AL 1,237 69.545 73.322
MI-1 0.159 0.243 0.305 - AL 1,237 48.848 50.103
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