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ABSTRACT

Carbon fiber reinforced polymer (CFRP) sheets are becoming increasingly popular for strengthening deteriorated
concrete bridges due to their excellent strength and stiffness—to-weight ratio, corrosion resistance, and convenience of
construction work. The purpose of this study is to compare the performance of CFRP-strengthened reinforced
concrete (RC) beams and to develop a new design formula. Simple beams with 3m span length were tested to
investigate the effect of reinforcing steel ratio and CFRP-reinforcing ratio on the flexural behavior of strengthened
RC beams. The test results were analyzed with the special emphasis on the failure mode, the maximum load, and

the strain distribution in the section.

It is shown that the strain of the strengthened beams is not linearly distributed in the section. A new design
formula based on the non-linear distribution of the strain has been derived and showed that it has a good agreement

with the various domestic and foreign test results.
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2. FRPE HZI=l| RCRO HEHE S Table 1 Material properties

TES 2|5 AlE : ; :
LL== TIe =8 Tensile Elastic Ultimate .
ChFRtP strength | modulus strain Thickness
sheets
01 A3 g 3479 MPa 239GPa 15% 0.11 mm
Concrete Compressive strength : 26.5 MPa
Z]E{?}]—Z] FRP= _H@JOL% QELE'—E.E]EEQJ ‘ﬂ'tﬂﬂ%% Steel Yeild strength @ 400 MPa
UG el GRdelqe] WBE REE Yo 7}
Ash= UubEel Bemmoulli-Navierd 7H38& &3] ok Table 2 Parameters and test results
o 75 & Max. load(kN)|Displacements(mm)| Failyre

=8, o) Qoin FARAY FRA
Q

ol
U Ekglol] of gk of 3k FAjEhe Ao] dukgoelint 1 Specimen| Plies Theory| Test | Yeild |Ultimate| mode
b AA 5278 B gojMe BAAY we S 9% CONDI10 | None | 392 {5733 | 756 | 5767 |Flexural
dgo] =4 Ueh}y] wWj&o] FRPS} Zag s} U A SHIDI0 | 1 Ply | 7566 | 59.78 | 7.82 | 1881 |Debond
S 31 Aog /A ddueje WEg ez SH2DI10 |2 Plies| 107.21 | 6321 | 7.96 | 1255 |Debond
AL ol&alA BAW B AARE A= /|2 o SH3DI0 |3 Plies| 126.71 | 6839 | 764 | 1540 |Debond
Eﬂsﬂﬁluoytg o _/l:;gga g 8_7]- %1\];}5>. SH4AD10 (4 Plies| 142.30 | 89.96 | 7.47 18.79 | Debond
E AfME BAERAER B4Y F2EIYER
it AHAs A8E S8 U WIES S35 B2 27) VKNS A0l 29 02kNY £5
B 2o gl el ¥YE £EF 2 2 Asklg o, olFel: WMlAolZ Aoy e WAs
o 27| 15mm HATAANNA 29 002mme] HE2
22 AHHZE & FRP 22 ASeta, 15mm o)Are] Wesl AN AHEE A
Me 29 066mmsy £52 Ay e Agd
A8 st AzE BAHEY AYS Fg 1% 2o oJg9 AZL AHYolE 24 L ALHE ol Lsigon
o, AAVIERE 65MPad] #HulEE AHEsle A=) o) 3% 7HAow =AY AAYE WEE 23S sl
Atk 9FATE SDA0S DI0 ATE HH] 000412 o) AL = AT FUFH L4 94X A7|AE] wEE
Zetom, 4EEZAE DISE Al 7He wisidth A AolAE sl on, AHEde SddE Jddy
St & HAsy] st Aditels DI0e] AdE Aol A 50mm olglol ZIAEE Aolx S BAsAL)
< 100mm HHo2 uixEigtt @AHFHE: Add
ol weh B ShHe] 120mme] 3 29me] Zol2 1~4 24 Agdn o3
wj7hA] stk Add AMgE AEe E8F A4S
Table 12+ 2. 7 AR i3 AgEs, Adels, A3 3 e
T+ Table 2¢F 2t} 9714 HUjslFy o]&4k2 Yt
23 et & EYUH 2?1 Bernoulli-Navier®] 7S -85 dhs| el o3
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Fig. 1 Dimension of test specimen (unit : mm)
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Fig. 3 Strain distribution at center section
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Fig. 6 Strain and stress distribution in strengthened b
eam at ultimate state
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Fig. 7 Comparison of nominal strength with test results
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Table 4 Strain reduction factor

Refer | Specimen | A€ o, ,D|A€f jgeat@ /@
SH1D10 3647 11836 0.31
This paper SH2D10 2696 5935 0.45
SH3D10 1435 30975 0.05
SH4D10 3682 4591 0.80
CB-60-1 3510 6010 0.58
Refer. 25| CB-60-2 540 6040 0.10
CB-80-2 5100 12100 0.42
CON27SH 5000 10500 0.48
Refer. 26 | SHLP227 6000 17000 0.35
SHCWU27 7500 14500 0.46
Al 4100 11600 0.35
A2 3300 16700 0.20
A3 7000 17300 0.40
A4 5000 12000 042
Bl 4300 13400 0.32
Refer. 5 B2 8300 19000 0.44
B3 7800 17100 0.46
B4 3400 20000 0.42
B5 9200 13000 0.71
Cl 5000 11000 0.45
C2 3100 10300 0.30
C2 5400 12500 0.43
Average(§2) 13,335.77

Table 5 Standard deviation and coefficient of deter
mination (R?)

ST. DEV. Average R?
Moo/ My 0.217 1.290 0.981
Moo/ M, 1. 0.554 1815 0911
Moo/ My acr 0.207 0982 0.889
Mo/ M, 0.205 0.910 0.865

M, Experiment, M, ;' Proposed Eq.,
M e Refer.10, M, s~ Refer.l, M, nominal strength

n_,
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