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Stress-Strain Responses of Concrete Confined by FRP Composites

Soon-Ho Cho"”
"Dept. of Architectural Engineering, Gwangju University, Gwangju 503-703, Korea

ABSTRACT An analytical method capable of predicting various stress-strain responses in axially loaded concrete confined with
FRP (fiber reinforced polymers) composites in a rational manner is presented. Its underlying idea is that the volumetric expansion
due to progressive microcracking in mechanically loaded concrete is an important measure of the extent of damage in the material
microstructure, and can be utilized to estimate the load-carrying capacity of concrete by considering the corresponding accumulated
damage. Following from this, an elastic modulus expressed as a function of area strain and concrete porosity, the energy-balance
equation relating the dilating concrete to the confining device interactively, the varying confining pressure, and an incremental cal-
culation algorithm are inctuded in the solution procedure. The proposed method enables the evaluation of lateral strains con-
secutively according to the related mechanical model and the energy-balance equation, rather than using an empirically derived
equation for Poisson's ratio or dilation rate as in other analytical methods. Several existing analytical methods that can predict the
overall response were also examined and discussed, particularly focusing on the way of considering the volumetric expansion. The
results predicted by the proposed and Samaan's bilinear equation models correlated with observed results with a reasonable degree,
however it can be judged that the latter is not capable of predicting the response of lateral strains correctly due to incorporating
the initial Poisson's ratio and the final converged dilation rate only. Further, the proposed method seems to have greater benefits
in other applications by the use of the fundamental principles of mechanics.

Keywords : analytical model, confined concrete, FRP composites, Poisson's ratio, stress-strain response
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Fig. 1 Axial stress vs. axial strain and volumetric strain vs.
axial strain for confined and unconfined concrete
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(a) Axial stress vs. axial
or lateral strain

Bilinear by Samaan
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Fig. 3 Predicted responses for CF22-1 by Methods i} and iii)
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Fig. 4 Predicted responses for CF22-1 by Method ii)
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(a@) Axial stress vs. axial or laterhl strain
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Fig. 6 Effects of ¢ and P values on predictions based on the
proposed method
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CF322 | 14.790 31.8 12.127 1.12 18.610 29.0 11.200 0.795 1.098 1.083
CF52-1 | 21.159 40.3 8.700 0.90 15.920 30.1 8.997 1.329 1.338 0.967
CF522 | 23.139 415 9.133 091 15.950 29.9 9.104 1451 1.389 1.003
CF72-1 | 20205 45.1 15.138 126 23.290 32.6 12.604 0.868 1.385 1.201
CF72:2 | 25980 470 16309 126 23.630 33.0 12.604 1.099 1.423 1.294
CF31-1 18.382 32.0 17.343 1.12 18.680 29.1 11.206 0.984 1.101 1.548
CF312 | 18512 319 11.439 0.98 16.240 285 9.808 1.140 1.120 1.166
CF43-1 12.470 34.0 6.802 0.98 16.820 295 9.810 0.741 1.153 0.693
CF432 | 15.070 337 9.118 0.84 14.410 29.9 8.407 1.046 1.164 1.085
V. =0.297, wy=52.6%, tte=0.753 and v,=0.728 Mean 0.955 L172 L0
» >0 P ¢ Ccov 0277 0.148 0.263
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Fig. 7 Predicted axial stress vs. axial or lateral strain responses
for selected test specimens
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