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ABSTRACT

Various types of FRP materials have been applied for structural strengthening of RC beams in various forms.
When CFRP plates are used, a premature failure used to occur before enough strengthening effect appears. This is
primarily due to the rip-off of CFRP plate attached on RC beams. Despite of numerous studies on the rip—off failure
of externally strengthened RC beams, its failure mechanism is not definitely clarified yet. Investigations from
literatures have shown that the rip—off failure is dependant on the vertical and shear stresses at the level of main
reinforcements in RC beams. This study suggests an analytical model to investigate the rip-off failure load based on
the stress states at the level of main reinforcements. The proposed model is relatively simple and produces very
comparable results to the test data. It is believed that the proposed model can be successfully used to provide more
information on the rip-off failure mechanisms and its prevention.
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Fig. 2 Rip-off failure
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Fig. 3 Detail of beam specimens
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Table 1 Physical properties of steel and CFRP

\‘\ Tensile strength | Elastic modulus | Ultimate

Materia (MPa) (MPa) strain
Steel 670 1.92x105 -
CFRP 3,090 1.55x105 0.019

Table 2 Physical properties of epoxy used

\‘\ Elastic modulus | Shear modulus | Poisson’s
Materia (MPa) (MPa) ratio
Epoxy for
CFRP 7,000 2,300 0.30
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Table 3 Test results

Test specimens | Strengthened length | Widths of CFRP (cm) | Yield load"(kN) | Initial crack load™ (kN) | Failure load (kN) | Failure mode
N-CON - - 49.1 - 61.8 Flexural
C10-N5 1OL 5 79.6 - 99.6 Debonding
C10-N10 ) 10 101.0 - 130.5 Debonding
C8-N10 08L 10 9.2 775 1079 Rip—off
C8-N5 i 5 83.5 814 104.7 Rip-off
C6-N10 06L 10 80.6 54.0 80.6 Rip-off

C6-Nb5 ’ 5 74.2 44,1 86.9 Rip-off

* ! Yield load is the load when the main reinforcement is yielded
* ¢ Initial crack load is the load when a crack first occurs at the end of strengthening
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Fig. 4 Failure mode of specimens
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Fig. 5 Stresses acting on FRP Plate®

2)

E

e AT

A=

ttpErbl IhEin

JE,
7 DE" QayLy+a)

b= ] T @ el a) + 2

Ly = 11@01]*1 DA A
o a a = IFERES FHele O A5

995



g(x)

| |
Concrete
Beam
1 f vl
Sa(x)
Adhesive %m%mz%m%m%
Sa(x)

FRP *uum%[nm#ﬂnﬂuﬂmm%
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Fig. 8 Equilibrium condition of RC beam
Strengthened with CFRP
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