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An Experimental Study on Flexural Adhesive Performance
of RC Beams Strengthened by Carbon Fiber Sheets
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ABSTRACT

Tensile strength of CFRP (Carbon Fiber Reinforced Polymer) is approximately 10 times higher than that
of the steel reinforcement, but the design strength of CFRP is normally reduced by the bond failure
between RC and CFRP. Many researches have been carried out, concerned with bond behavior between RC
and CFRP to prevent the unpredicted bond failure of RC beam strengthened by CFRP, but the national
design code for design bond strength of CFRP hasn't been constructed.

In this study, 3 beams specimen strengthened by CFRP under the variable of bonded length were tested
to derive the design bond strength of CFRP to the RC flexural members. Also 2 beams specimen
strengthened by CFRP were tested to inspect the construction environment effects such as mixing error of
epoxy resin and the amount of primer epoxy resin. From the test results, It is concluded that the

maximum design bond strength of CFRP to RC flexural member is considered to be 7,=8 kgf/cm?.
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Table 1 Material properties of concrete
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Table 2 Material properties of reinforcement

M

Tensile Compressive | Modulus of Yield Tensile |Modulus of Elongation
Curing age strength strength elastlcxt;/ Bar type | strength strength elastxmt%/ (§/o)
(kgf/cm®) (kgf/cm®) (kgf/cm”) (kgf/em?) | (kgf/em®) | (kgf/em®
28 days - 274 2.48E5 D-10 3750 6850 1.50E6 15
32 days 224 308 2.63E5 D-13 4800 5920 2.07E6 15
Table 3 Material properties of CFS Table 4 Material properties of Epoxy
Tensile Modulus of Classificati Compressiv| Tensile | Flexible Shear
THK strength elastxcxty Failure strain on e strength strength strength strength
(cm) (kgf/em’) (kgf/cm (kgf/em’) | (kgf/em®) | (kgf/cm) | (kgt/cm?)
Nominal} Test |Nominal] Test |Nominal] Test || Catalog 700 300 400 100
00111 | 35500 |45,134| 2.30E6 [2.59E6| 0.0151 | 0.017 Test 647 320 490 110

32744 2 24

df4EY 8

NEE L

B3ets SIS0 daEE didE
B ZYR 94 29 opgt B3E S2HRHE F9ddlA 5em "ol $1xd]

FAYE A9E st 7132 E AXS T 50 39 ActuatorZ 1% 713t GAAGHE )
9 SHEEE sehsly] Hale] RAE BRARAE A Aol A A
A A FA FAEAc

Ael

HolA g FAsto] FUT A9 GAHRHE Aol wmatict. Z @A SA4FA LAY 19 19 2ok

33 484 A

YA daAFE £ 15em £0] 6emE A5 4EF AEFAE ImB sgon, AHZo] 24m, A YA 2

998 20014¥% 7}& TR

=4



o 3m2 AT YA F2eALE HodE A
29 guge] YA wwANY & Ao Ay} B4
$2 8729 2223 AYAINE B2AFAET} oY
5o o)27) Ao 2aE|E PAYSAYE(e 00D Y
7 9ok w2 AdeNE gaAsAEY uges o
§ 2age AudNe 492 HRE] dad 2428 4
gAe gEEToz 2-DI3 ARHIE 2-DI0CE HIHY
o A% 2gEe § 9uE $Es) dskd DI 22g
10cm 2oz Wasksit, 2 A9 84 2 A4E Fig 2
o 2tk ABAE % G2 712N Tug A8 B
A7ol2 Wa2 sh= EFI-AAY 484 /), AEA ARe
AT Whz s EFI-R 4849 mools] £ERe wae
she EFI-W A9 Adait. Table 5904 712994
ESE BANSHAE BAE 8 e g, ¥AolE
w4 3 A#A EF1-Al, EF1-A2 EF1-A3& ES AgAs
A% BUe 2 BANENE IS upR A9AE 2
AN BEgE g8 4 )2 T8 Aol

Ac[xfcf

L1=( 7%,

)x2: LYL1 Edd )

Talolol] EEFS WS § FFI-W AgAe A&
& Egsly] Zglolme] 4 FEAY 60% TEXEF FeE, *
2ol 170cme) EF1-Al 4849} 2t

o ZA AELAE MFE sh= EFI-R A484E 7|&X
ZA o) AstAle] Eu] 210K FA s 0% Fad
Aol oty FA of A4S w7} -20%Y o AZA Qg%
23 9o, 2 A¥H el 54 Table 59 2tk

©
hs

EFi-Al

EF1-A2

EF1-A3

Fig 1

Ree9 ©

2

‘}LLJ_.I_____L-__.,J

@?f.;’
1.

¥ [45 [T} 4 4

20 10 54] 1

WIelONORE, ®

vRURVILLY,

1 Its 0o 20 1 180 u] 1

Position of strain gages in CFS
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Fig 2 Typical specimen dimension

Table 5 Summary of the test specimens

Aog Riazol:= 130cmZ FF1-A2 A8As 2l As4¥
T 319kgf/cm?— 154kgf/cm? o8 ¥EAE 48%2 7

Specimen Reinforcement B(O}?sf /(S::?)SS l(,gi;e)r Bon?crls)n gth ((Erin ) ng(siestgenss Remark
ES 0/ 0v=0.16 . - Standard
EF1-Al 44 1 170 1791 JCI Recommend -
EF1-A2 A’=254cm? 6 1 130 1314 Company, A -
EF1-A3 A<142 cm’ 8 1 100 985 Test Result -
EF1-W Ac=0.111cm’ 44 1 170 1791 - Primer Reduction
EF1-R 6 1 130 1314 - Epoxy mixing error
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Table 6 Comparison of calculative and experimental results

Crack load Yield load Maximum load )
Specimen (tf) (tf) (tf) Pmax/Py-gs F::(l)lége
Caly, Exp Caln Exp Cala Cal, Cale Exp €t
ES 0.92 06 1.9 2.01 2.04 25 - 3.28 - 1.00 Flexural

EF1-Al 0.96 11 213 2.70 348 4.25 287 3.57 9,147 1.78 Fracture
EF1-A2 0.96 11 2.13 2.60 348 4.25 3.30 413 13,239 2.05 Fracture
EF1-A3 0.96 11 213 2.89 348 4.25 3.22 3.74 12,500 1.86 Fracture
EF1-W 096 11 213 272 3.48 425 3.00 390 10,346 1.94 Rip-off
EF1-R 0.96 0.8 2.13 2.86 348 425 3.04 376 10,730 187 Fracture
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Fig 5 CFS strain distributions and calculated bond stresses
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