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Behavior Characteristics of Reinforced Concrete Beam
Strengthened with Carbon Fiber Reinforced Polymer Plate
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Abstract

This paper presents the characteristics of flexural behavior of RC beam strengthened with
CFRP(Carbon  Fiber Reinforced Polymer Pate). Experimental varables included the — strengthening
length, width, reinforcement ratio, end anchorage and preloading corresponding to 75  percent
of ultimate capacity and the effects according to each experimental variables were analyzed.
To study, a total 21 RC beams were constructed, tested and the response of the beams in
terms of ultimate load, deflection, strain of CFRP, failure mode were examined.
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Fig. 1 Specimen geometry(unit : cm)

Table 1 Details of test beams

CFRP plate . .
Group Specimen Stcrgrrllcgrtgteof Length Width Reinforcing Remark
(£, kgf/cm®) (Lp cm) (bp, cm) bar
BC 212 - D13 Control beam
A 6N 212 120(0.6L) 10 D13
A 8N 212 160(0.8L) 10 D13
A A_10N 212 200(1.0L) 10 D13
A 6U 212 120(0.6L) 10 D13 End anchorage
A _8U 212 160(0.8L) 10 D13 End anchorage
A_10U 212 200(1.0L) 10 D13 End anchorage
B_6N 212 120(0.6L) 10 D13
B_8N 212 160(0.8L) 10 D13
B B_10N 212 200(1.0L) 10 D13
B_6U 212 120(0.6L) 10 D13 End anchorage
B_8U 212 160(0.8L) 10 D13 End anchorage
B_10U 212 200(1.0L) 10 D13 End anchorage
C_10 290 160(0.8L) 5 D10
c C_13 290 160(0.8L) 5 D13
C_16 290 160(0.8L) 5 D16
C_19 290 160(0.8L) 5 D19
D_10 290 160(0.8L) 10 D10
D D_13 290 160(0.8L) 10 D13
D_16 290 160(0.8L) 10 D16
D_19 290 160(0.8L) 10 D19

Group A, C, D : Non-preloading, Group B : Preloading

126 SRATERICHSE| M7H M35(2003. 7)



Ad=
et

3 A )

22 MEME

2:9) S&PAIA
ARE-3F 0,
carbonex  sheet(NR72)%]
fiber sheet, CFS)E AM-3FSAT
22 Table 29} Zt}

N
wW
n=
I
OE
ey

ofr
iﬁ
ol
F{F
=3

>~
%
_O\L
bR

e
i lo

e
ox ol
i
r

oo & Qo

ich
f!

_OrL
38
o &
4
i)
f

w3
% SR

CFRPZ % ®73® RC R
I 2t Group A, B RAH

M=
B E (carbon
g EXA °

Y3 1= EE‘#—‘S—EHE /\]“i].E_Sﬁr 25mm
R =o

259

"41"& Group A, Boﬂ A<= SD 30, Group C, D
dMe SD 40s ARESIGen, g5Ed AdEde
DI0 EE ARSIt =3 BE 98] CFRP:
s eaw ARAE

R

TSATE7I(UTM)
°6H 4 Asksk
OWH e

200/2000
HALl A

Ao wlE FAFEE o A7 239%~82.3%%}
162%~747%7FA  Z=7)ekack w3k ®H7d Ad
A7t 71 @A wis) SEdejolx e Aol A
7:}*0}04 B0l MBS ¢ 5 AU Growp A
o] A% 71 AgAel vlE) 27)dE steol FUtet
9%0111 Group D7} Group Coll Hl3|

o we} 2T sl SRR 2
o} o]uf %OL?_%LOH £ FE 9] S8 sks-A

_,d
rr
pads

Hoz 1848}9‘;4. L2 i
60090 W B @ﬁﬂﬂ ﬂ%ﬂ#% 142~

<4§E@%N4°h‘ﬂ P~

31 24Zole ¥

02

0

Fig. 22 AN Ag9 353 34 vepd A
oty 7IF APA e} wluwste Feslzol AA 7t

O

spgom, AAH me| AFL FASIAL 132
7h Z7he W AgAlel SHsEs SaEelA
ol

H"o] Z7tekdth A 6N A3AS A¢ 9

3= o]Ad CFRP7} %7] dEEi QAo
=S 2usl) g ®mE g2 g uis)
S o]F 71 HRFHE YEGITH

o 1932

;[

Table 2 Material properties

Concrete Reinforcing bar CFRP | CFS Epox
[ DI3 | DI6 | DI9 POxY
Modulus of B 6 6 4 Tensile strength
elasticity (kgf/cm?) 2x10 2x10 310 (kgf/cm®) 269
Yield strength B 4400 4550 4,600 B B Compressive strength 239
(kgt/cm®) (3600) | (=) (=) (kgf/cm’)
Ultimate strength 6000 | 6100 | 6170 - Bonding Strength
(kgf/cm) 21229 (6310 | (=) | (=) | B0 ) 39650 (kgf/cm) 7
Ultimate strain(%) - - - 1.11 - - -
x SD 40, ()= SD 30
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Table

3 Results of test

Ultimate state

Yielding of steel e
nitial crack ~ - Ductility
Specimen Load Deflection Load ratio of Deflection index Failure mode
load(tonf) (tonf) | ( 8y, mm) | (tonf) increase(%) | ( 8, mm) ()

BC 1.051 4.724 5.17 5.807 - 31.51 6.09 Flexural
A_6N 1.734 - - 7.193 239 5.79 - Ripping -off
A_8N 1.588 7.355 5.77 9.659 66.3 9.84 1.71 Interface debonding
A_10N 1.850 7405 6.18 9.873 70.0 10.77 1.74 Interface debonding
A_6U 1.568 8335 867 9.071 56.2 14.67 1.69 Interface debonding
A_8U 1.832 7.267 592 9.970 7.7 10.69 1.81 Interface debonding
A_10U 2.301 7122 5.79 10.585 82.3 11.83 2.04 Interface debonding
B_6N - - - 6.749 16.2 8.15 - Ripping-off
B_8N - 7472 5.24 9.922 709 9.97 1.90 Interface debonding
B_10N - 7152 473 10.143 AT 9.37 1.98 Interface debonding
B_6U - 8.338 6.63 9.357 61.1 17.00 2.56 Interface debonding
B_8U - 7.664 6.39 9.589 65.1 10.51 1.64 Interface debonding
B_10U - 7.859 5.92 9.263 59.5 8.74 1.48 Interface debonding
C_10 1.124 5.896 6.86 7.006 - 9.75 1.42 Interface debonding
C_13 1.079 7516 7.78 9.500 - 13.42 1.72 Interface debonding
C_16 1.225 9.457 6.72 11.933 - 13.24 197 Interface debonding
C_19 1777 13543 10.22 16.270 - 16.62 1.63 Interface debonding
D_10 1.426 8.321 8.14 11.557 - 14.88 1.83 Ripping-off
D_13 1.832 10.679 8.89 13.372 - 14.02 1.58 Ripping-off
D_16 1.373 10.799 7.90 15.301 - 16.44 2.08 Ripping -off
D_19 1.958 14.939 9.57 17.825 - 1494 1.56 Ripping -off

# =h, /B, : Calculated as the ratio of ultimate deflection to the deflection under the yielding load
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Fig. 4 Ultimate load according to length of CFRP
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