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Behavior Prediction of Strengthened Reinforced Concrete Beam
using Nonlinear Analysis
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ABSTRACT

In this study, to predict the behavior of RC beam strengthened with Carbon fiber reinforced
polymer(CFRP) plate, analytical program considering material non-linearity is developed. Strain
compatibility and force equilibrium are applied and internal forces of constitutive material are
calculated using nonlinear stress-strain relationship. Also, to certainty the reliability of analytical
program, deflection, strain of CFRP plate, change of neutral axis on cross section and crack
distribution at failure are compared with those of experiment, and each results are almost
coincident.
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(a) cross section (b) strain distribution (c) stress distribution

Fig. 1 Stress and strain distribution in the cross section
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Fig. 2 Compression stress-strain relation of concrete Fig. 3 Tension stress-strain relation of concrete
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Fig. 4 Stress—strain relation of steel Fig. 5 Stress-strain relation of CFRP plate
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Fig. 7 Loading configuration and cross section of RC beamf{unit : cm)

Table 1 Details of tested beams and test results

Stength | crpp plate | Yelding ofl - yimate state y

Specimen of - Reint. rebar. - - - Quctﬂuty Failure mode
concrete| Length Width | rebar | Load|Disp. | Load |increasing | Disp.| index
(kgtlem®) | (Lo, cm) | by, e (tonf) | (mm) | (tonf) | _ratio | {mm)

CB16 271 - ~ D16 | 582 | 599 | 7.02 - 28.55| 477 Flexural
1B16-8L3 161 160(0.8L) 10 D16 | 8.96 | 8.17 [ 10.33 - 10.74( 1.31 Interface debonding
2B16-7L3 271 140(0.7L) 10 D16 | 9.40 | 7.40 11026 1.46 8.94 1.21 Interface debonding
2B16-8L3 271 160(0.8L) 10 D16 | 9.66 | 7.10 [ 11.28 1.61 9.61 1.35 Interface debonding

2B16-8.5L.3 271 170(0.85L) 10 D16 | 9.81 | 7.56 | 1247 1.78 13.09] 173 Interface debonding
2B16-9L3 271 180(0.9L) 10 D16 [ 920 | 6.26 | 1279 1.82 12.18] 195 Ripping off
3813-8L3 328 160(0.8L) 10 D13 | 8.81 | 7.26 [ 1048 ~ 10541 1.45 Ripping off
3B16-8L3 328 160(0.8L) 10 D16 | 830 | 5.82 | 12.57 - 1279 2.20 Ripping off
3819-8L3 328 160(0.8L) 10 D19 | 11.64| 827 [ 1467 - 13.761 1.66 Ripping off
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Fig. 8 Load-deflection curves
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Fig. 10 Comparison of neutral axises
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(a) 3B16-8L3 (b) 2B16-8L3
Fig. 11 Comparison of crack propagation between experimental and analytical results
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