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Experimental and Analytical Study on the Fracture Strength of
RC Beams Strengthened for Flexure with GFRP Involving the
Debonding of FRP Reinforcement

ABSTRACT

Reinforced concrete (RC) structures strengthened with FRP materials would cause the loss of the reinforcing effect and the sudden
failure of the structure due to the debonding of FRP. The debonding fracture strength of the FRP-strengthened concrete structures has
been evaluated using the same strength method as applied in RC structures based on the debonding strain of FRP. However, the values
of the FRP debonding strain are different according to design guidelines. Thus, this study carried out an experimental study on RC
beams reinforced with GFRP and evaluated the debonding fracture strength of the strengthened beams from each design guideline.
Since the debonding failure occurs prior to reaching the ultimate value of concrete compressive strain, this study accounts for the
nonlinear stress distribution of concrete. This study also proposed equations that can evaluate the debonding strength of GFRP-
strengthened RC beams with similar safety to the ultimate flexural strength of non-strengthened RC beams.

Key words : Reinforced concrete, Structural reinforcement, FRP, GFRP, Nonlinear analysis, Ultimate flexural strength, Debonding
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Fig. 3. Geometry and Cross Section of the Strengthened RC Specimen (Units: mm)
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Table 3. Cracking, Yielding, and Ultimate Loads Obtained from
the Experiment (Units: kN)

Specimen | Cracking Load | Yielding Load | Ultimate Load
D13-S0 16.9 425 572
DI13-S1 18.0 54.2 67.0
D13-S2 193 60.0 76.3
D13-S3 19.5 63.9 78.1
D16-S0 19.6 64.2 71.7
D16-S1 19.6 78.0 97.7
D16-S2 19.8 86.2 102.0
D16-S3 19.9 99.1 110.7
D19-S0 19.6 81.2 99.1
D19-S1 20.1 80.2 104.9
D19-S2 22.1 96.6 110.1
D19-S3 22.8 107.2 121.1

~~~~~~~ D19-53
-==- D19-52
— - D19-51

—— D19-50

150

)
s

Load (kN)

@
S

Deflection (mm)

(a)

20

Deflection (mm)

(b)

20 30 40

30 40 50

Deflection (mm)

(0

Fig. 6. Load and Deflection Curves for (a) D13, (b) D16, and (c) D19 Strengthened RC Beams
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Fig. 7. Rate of Increase in the Cracking, Yielding, and Ultimate
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Fig. 11. Comparisons between the Debonding Ultimate Loads
Calculated using the FRP Debonding Strain of the Design
Guidelines and Those from the Experiments for (a) D13,
(b) D16, and (c) D16 Strengthened Beams
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Table 4. Debonding Ultimate Loads Predicted from the Proposed Method and Those Measured from the Experiments (Units: kN-m)

Specimen Measured (1) Predicted Predicted
*Mcrrep Ratio *M,Grree Ratio
D13-S0 62.9 42.7 0.68 - -
D13-S1 73.7 50.4 0.68 589 0.80
D13-S2 83.9 56.9 0.68 66.4 0.79
D13-S3 85.9 63.1 0.73 72.0 0.84
D16-S0 85.5 65.5 0.77 - -
D16-S1 107.4 73.1 0.68 76.8 0.71
D16-S2 112.2 79.3 0.71 78.9 0.70
D16-S3 121.7 85.5 0.70 88.8 0.73
D19-S0 109.0 91.8 0.84 - -
D19-S1 115.4 99.2 0.86 97.9 0.85
D19-S2 121.1 105.3 0.87 104.0 0.86
D19-S3 133.2 1113 0.84 108.7 0.82

* My,rrerp and M, Grrere are debonding ultimate strength calculated using Eqs. (11) and (12), respectively.
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