Flexural Behaviors of Reinforced Concrete Beams Strengthened with
Carbon Fiber Sheets
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Abstract

To investigate the flexural behavior of RC beams strengthened with carbon fiber sheets, 1 control beam and 8 strengthened
beams(4 NU-beams without U-shaped band and 4 U-beams with U-shaped band) are tested. The variables of experiment are
composed of the number of carbon fiber sheets and the existence of U-shaped band, etc. The experimental results showed that the
strengthening system with U-shaped band controls the premature debonding and provides a more ductile failure mode than the
strengthening system without U-shaped band. It can be found from the load-deflection curves that as the number of fiber sheets
is increased, the maximum strength and the flexural rigidity is increased. The experimental results are compared with the analytical
results of nonlinear flexural behaviors for strengthened RC beam. The proposed analytical method for strengthened beams is proved
to be accurate by an experimental investigation of load-deflection curve, yield load, maximum load, and flexural rigidities in the
pre- and post-yielding stages.

Keywords - strengthened RC beam, carbon fiber sheet, U-shaped band, flexural behavior

1.M E g %, 2002: s 5, 2003; ACI Committee 440,
2000: El-Mihilmy &, 2000).

I

QYAREH AlFE Be ATEIYE FREELS oY 7} AFAER B7HE A ZF2E 249 zgxg%% 2] 9]
A 89102 Qlate] Wgo] #skd 4= Stk jge] Astd & of B& A7ATo| o3 Ao, o] A P
8 FAYE Fxe FREY WY FEE ot & o] B 75 4% A7t AL AR dig AdEs
B witslojof s, FAE fFRE] UshE $31< 9 t ARAE B A2ElE ARAIE 7 2 ARAE &
sfo] B2 WP EC] MEE gt I e ARAESE B3 AFAES] 2], AHAES 2R E BAo FAAF
e BgHo] FAN et =& e 9 A AT 2 f T BAAzE] mEl tgEA A E, BAAEA e 27
AHe|e] 44 STOR st FEML e Aotk dz dFE W= Aoz veht (RS 5, 2003 ¥
t AR, Fa89 - Adgtn RS u o] =R g EES 20109 69 30L7HA E otale] BuIFA

Tel: 051-663-4754 ; Fax: 051-621-0729 W 20109 8¥3o 2 2= AASASYT.

E-mail: sdkim@ks.ac.kr

SIEMATAREEE =27 H23H M25(2010.4) 227



723 %, 2003; El-Mihilmy 5, 2000;). & d7dA= Table 1 Properties of Materials
A8 AAo]l A9 glE @ =7]7F 400mmx600mme) & Materials Properties
- - _ - - oaulius o asticity a .
- 1 3 NS 23] o] 7} 3 7 dAIx
&)l EHE_“”J d8E TR, Hel 4 '_*‘J 39, A Steol Bap | Yield Strength(MPa) 400
T 5o AFAHAES THeR BPR 3 Hes AvE #e8 B4 MModulus of Elasticity (GPa) 200
1A} 3} Tensile Strength(MPa) 3525
B oo HlHe] 3 ’LET@T% geltalr] Yated 974 Carbon Fiber | Modulus of Elasticity (GPa) 235
o A2 maE BE Adslon B Ad Wik Sheet Fra?ture S.train 0.015
Design Thickness(mm) 0.111
A2 s I A% U wee] 48§50 met
AFAE FE3t] AAAQ AdE AABH T ARAIES
SRS ARSI oH | ARAIESS] WSkl tigk o] &4
o By AFE Adtel 24, 47, 64, 8RS WAHSE
Adetint. 22| U ME fe b2 3 < ¥lasisl
oh 8RR A9 338 AF-AR A, madE 79
2 ARAE SPE, gReE AMsE, ddAs 5%
Astel Bne 8 45S TStk T3, BYu 4
o BE AFE] Aol B AF Aae ozl 9y
A3 vmegeh, BRG] U oA B HHe 2 ¥
= - - = Photo 1 Bonding of Carbon fiber Sheet and U-Shaped
E ¢lzoy HIEHF ¥ HAE AL AQslad o E
FJ_ HH o Uo&E Lﬁloﬂ ]1_ s 1= 4 oo]—M__Df{ = Band to Concrete Surface
3 ZAYE IS 13 vAy NS vige R 3
Stk e AP gete] gagAES HAHSE 24, 4
A, 68, 8HoR dsto] 77 244 F 8/l AIEAw
2. HZH HE 3 AE E H g} ARSI oH, ol F ARAIES} FAZE B
Aol FAAFS FIANTN L ARFAIE H2 f7ed digh B
RARES 75k ASES B4XE Table 1 A3} 7Rl 3 AeS ndey] 98 3 Be HeAEY U3
Aot A%E AHge UNE(Z 500mm) 2 4719 B ko] 2.4
Aol AR A2 2FE He 400mmx600mme] @ gtk UME=S F3skE Aol Photo 191 & vkt 9l
H37]9} o] 6000mm, &2 °] 550mm=E & 9747} A2 ot A e AEEE ARAIES B &2 1719

oAt IFETE 3-D25E ARGl en, 45EEE 2-D16 71ZE.(CON), B a}ovt e
= AHgete] AE e AXE golahA skt 2w ZE(NU EZH), B 3o gha
E Ko AdayE WA $ste] 2~HHES DI6CRE He| UMEE AL 4700 BAR(U _
150mm7HF ez Hel A 3t vjZeldtt. EAAR ALE- Bwe vl 9 AA A5 71 FE 5 Fig. 13 2o
dH GRMFAES A2EIE B & Z 150mm, 2 o, 7|EHE 33 O] BARE] AFA Y} o] i3t
o] 5550mm= EAatict. BAA o tigk BitEe] & |

@
Eg‘ %] D mm
[ Dloez 400
T e \‘ i
600 600 jsso
| % | 411 D25@3
295 500 1550 500 o5 10

Fig. 1 Dimensions of Strengthened RC Beam and Cross Section
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Table 2 RC Beams Strengthened with Carbon Fiber o
Sheets
Beam Type Number of Comments
Sheets
CON ~ RC Beam without Carbon Fiber g
Sheet 5
C-2-NU 2 3
C-4-NU 4 Strengthened RC Beam with '
C-6-NU 6 Carbon Fiber Sheet(NU Beam)
C-8-NU 8
0_2_U 2 . 0 20 40 80 80 100 120
O-4-U 4 Strengthened RC Beam with Deflection(mm)
U 6 Carbon Fiber Sheet and (a) NU
U-Shaped Band(U Beam) a Beam
C-8-U 8 “ ey

» C-4-1

Load(kN)

Defllection(mm)

(b) U Beam

Fig. 2 Load-Deflection Curves of Strengthened RC
Beams for the Number of Carbon Fiber Sheets and
the Existence of U-Shaped Band
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Table 3 Loads, Deflections, Flexural Rigidity, and Ductility Ratios of Strengthened RC Beams

Pre-cracking Stage Pre-yielding Stage Post-yielding Stage
Beam Crack Load| Deflection Fl.e>'<u'ra1 Yield Deflection Fl'e{;u.ral Maximum | Deflection F‘l'e).(u.ral Ductl'hty
Type (kN) (ram) Rigidity Load () Rigidity Load (kN) (o) Rigidity Ratio
(kN/mm) | (kN) (kN/mm) (kN/mm)

CON 70.5 2.54 27.8 213.4 21.1 7.7 219.1 35.20 0.4 1.67
C-2-NU 71.5 1.55 46.1 267.6 15.11 14.5 296.5 43.33 1.0 2.87
C-4-NU 84.3 1.56 54.0 325.1 16.89 15.7 374.7 44.67 1.8 2.64
C-6-NU 68.6 1.53 44.8 320.7 16.46 16.9 353.6 33.78 1.9 2.05
C-8-NU 84.7 1.56 54.3 362.6 20.74 14.5 395.7 33.07 2.7 1.59
C-2-U 73.7 2.57 28.7 347.9 22.25 13.9 374.0 97.87 0.3 4.40
C-4-U 81.0 1.93 42.0 332.5 18.28 15.4 382.7 71.17 0.9 3.89
C-6-U 83.3 1.96 42.5 363.0 22.07 13.9 389.0 50.47 0.9 2.29
C-8-U 82.8 1.97 42.0 368.0 22.09 14.2 384.1 35.80 1.2 1.62
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Fig. b Load-Deflection Curves of Experiments and
Nonlinear Analysis for Strengthened RC Beam
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