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Flexural Adhesive Behavior of Full-scale
RC Beams Strengthened by Carbon Fiber Sheets
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ABSTRACT

It is recently reported that bond failure can be initiated in the region where maximum bending
moment and shear force is acted by accompanying shear deformation after flexural crack in
full-scale RC beams strengthened by CFRP. Such a shear deformation effect causing bond
failure is relatively little in the case of small-scale specimens. So, additional reinforcing details
to the critical beam section where maximum moment and shear were acted is required to
prevent the bond failure caused by the shear deformations.

The U-type wrapping methods by CFRP to the critical beam section is proposed and tested
in this paper. Also, the applicability of design bond strength derived from the tests of
small-scale beam was investigated by the full-scale RC beam strengthened by CFRP.
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Fig 1 Mechanism of CFS delamination
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Table 1 Material properties of concrete

Table 2 Material properties of reinforcement

Tensile Compressive | Modulus of Yield Tensile |Modulus of El ti
Curing age strengtlQ\ strength elasticity Bar type | strength | strength elasticity °‘(‘§/§ 100
(kef/cm®) (kgt/cm’) (kgf/cm®) (kgf/em?) | (kgf/em®) | (kgf/em?) ©
7 days - 162 - D-10 3661 5620 1.76E6 28
D-19 3860 6270 1.46E6 14
32 days 24 521 271ES D-22 | 3054 | 5160 | 15086 19
Table 3 Material properties of CFS Table 4 Material properties of Epoxy resin
Tensile Modulus of Classificati Compressiv| Tensile | Flexible Shear
THK strengtkzl elasticit%f Failure strain S(S)]nlcal e strength | strength | strength | strength
cm) | (kef/em’) (kgf/cm’) (kgf/em®) | (kgi/em®) | (kgf/em) | (kgf/em®)
Nominal| Test |Nominal| Test |Nominal{ Test || Catalog 700 300 400 100
0.0111 | 35500 |45134| 2.35E6 {2.59E6{ 0.0151 | 0.017 Test 647 320 490 110
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Fig 2 Specimen details and dimensions
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Table 5 Reinforcement characteristics

Specimen Reinforcement B?l?:f /ii;ezfs Izgf;e)r Bon((icgsl gth ( i‘ ri ) Remark
RS 0/06=0.3 : ’ : . Control
RF2-B3 A's=86lcm” 8.0 2 200 197 7 2=80
RF2-UCB2 | As=19.35cm’ 60 2 270 263 Center U Type
RF2-UEBZ | Ac=0.666cm’ 6.0 2 270 263 End U Type
Table 6 Comparison of calculated and experimental results
Yield load Maximum load .
Deformation .
Specimen (t) (tf) Prnax/Pa-ns Failure mode
Cal Exp Cal Exp | ec ()] 6 (mm)
RS 2528 | 2845 | 2647 | 36.32 - 327 1.37 |Concrete crushing after tensile bar yielding
RF2-B3 | 26.44 | 30.89 | 3485 | 3489 | 6129 36.06 1.32 Debonding adhesive-concrete interface
RF2-UCB2{ 2644 | 27.06 | 3485 | 34.24 | 10564 48.84 1.29 CFRP fracture at midspan
RF2-UEB2| 2644 | 2781 | 3485 | 3479 | 9010 | 4700 | 131 | Frecture at fhe end of CFRP Sheet after
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Fig 4 Comparison of crack pattern at Failure

Fig 6 Specimen RF2-UCB2 at failure (Fracture)

20014 7he dhewkEs] =33 1007



N

d%5e WARA FE Ao ewod,
r,=6kgf/em’2 4A¥Y RF2-UCB2E ©44&
HE MAVEES 64%olH HBAYA T 2]
FAste] el e Aoz Beun.

< dTdME gadfHER Bnzd 48
2y d9¥e) FIRz=e AAE FAPE
HE HAANE "Horsy]) A% A7E F9ag
o B 4YE Fotd Ve 4RY dYAd
e dddad vusge 4 s 2L 9
= A%E 4% 5 AU

Fig 7 Specimen RF2-UEB2 at failure (Fracture after
debonding at midspan)
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