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Analysis of Confinement Effectiveness for FRP Confined Concrete Columns
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Abstract

Concrete columns strengthening effect due to FRP (Fiber Reinforced Polymer) confinement depends on the elastic modulus
of the FRP. This study analyzes the retrofitting effect of FRP confinements according to elastic modulus of FRPs using the
existing data and suggests a practical model to assess the strengthening effect. This study subdivides the FRP elastic modulus
into three parts based on normal concrete and steel elastic modulus. The slope and the y-axis intersection seem to increase with
increasing FRP elastic modulus. In addition, the strengthening effect does not develop up to some amount of FRP confinement
having relatively smaller elastic modulus than the compressive elastic modulus of concrete. In this case, a linear model to
assess the strengthening effect is hard to be used. Thus, this study suggests that the FRP jackets having 2 times larger elastic
modulus than that of concrete are recommended to be used for retrofit of concrete and that a linear model can be applied for
the case. The suggested model shows nearly the same result regardless to the restraint of the y-axis intersection. This has been
observed at the model of steel confinement and, thus, is a reliable result.

Keywords : FRP, Confinement effect, Concrete, Elastic modulus
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E 1. FRP EMMAIF E,,,<25(GPa) O & 232|E°| MgZn}

Restrained condition [Unrestrained condition
Source of data (m(in) (rr?m) (l\/jci:})’a) Fiber type (I\f?;,];) (}éFPR;) k; R? k; R? a | filf., \feefeo
C A-32 100 | 200 | 32 |E glass filament 151 | 1.71 | 0.974 | 1.98 |0.987| 0.78 | 0.68 | 2.14
C A-43 100 | 200 | 43 |E glass filament 15.1 | 0.79 | 0.864 | 1.38 |0.935| 0.61 | 0.51 | 135
Harries ef al., 1998 | 152 | 610 | 262 | E glass sheets | 330 | 19.1 | 2.02 | 0.942 | 2.63 | 1.000 | 0.83 | 025 | 1.49
Harries ef al., 1998 | 152 | 610 | 262 | E glass sheets | 383 | 21.6 | 2.60 | 0.995 | 2.79 | 1.000 | 0.94 | 029 | 1.74
Mastrapa 1997 153 305 | 31.2 | S glass sheets | 565 192 | 255 10974 | 290 {0989 0.79 | 0.59 | 248
(bywﬁf;gngéﬁzeets 153 | 305 | 312 | S glass sheets | 565 | 192 | 2.70 | 0.959 | 3.09 |0.975] 0.76 | 0.59 | 2.56
Li{b‘zf::g‘; 3%‘3)0 150 | 300 | 43.0 | Armidsheets | 230 | 13.6 | 2.06 | 0.945 | 2.31 |0.958| 093 | 023 | 1.46
Bt 17.6 | 2.06 | 095 | 2.44 | 0.98 | 0.81
BEAR} 2.72 | 0.62 | 0.04 | 0.55 | 0.02 |0.106
E 2. FRP EMAIS 25<E,,,<200(GPa) Q| 7& E32|E9| A3Zn}
Restrained condition |Unrestrained condition
Source of date (m‘in) (ml;n ) ({E% )| Fiber type (1{/}:[}1?;) (%FPRaP) | R k| R a [ el
Ahmad ef al., 1991 | 102 | 203 Glass strands | 2070 | 48.3 | 2.24 | 0.947 | 1.94 |0.9700| 1.22 | 091 | 2.96
Harries ef al., 1998 | 152 | 610 | 26.2 | Carbon sheets | 580 | 38.1 | 2.63 | 0.729| 1.76 |[1.0000| 1.42 | 0.44 | 2.19
Howie and Karbhari 1994 152 | 305 | 38.6 | Carbon sheets 62.7 | 2.50 | 0937 | 2.59 |0.9383| 0.97 | 0.25 1.62
Mirmiran et al., 1998 | 153 | 305 | 44.8 | E glass filament 39. | 2.14 | 0.887| 2.91 [0.9623| 0.70 | 035 | 1.71
Mirmiran ef al., 1998 | 153 | 305 | 32.0 | E glass filament 394 | 236 | 0.713 | 1.63 |0.9183| 1.44 | 0.54 | 2.32
Mirmiran ef al., 1998 | 153 | 305 | 30.9 | E glass filament 39. | 233 |0.889 | 2.03 {0.9097| 1.18 | 0.55 | 231
Mirmiran ef al., 1998 | 153 | 305 | 29.6 | E glass filament 394 | 2.80 | 0.653 | 2.36 |0.6792| 129 | 0.58 | 2.66
Saafi ef al., 1999 152 | 435 | 35.0 | Glass filament 34.0 | 2.85 | 0.936 | 2.33 |0.9996| 1.20 | 031 | 1.92
Soudki and Green 1996| 152 | 305 | 46.0 | Carbon sheets | 1481 | 140.0 | 2.03 | 0.991 | 1.86 |{1.0000| 1.02 | 024 | 1.6
Tegola and Manni 1999| 150 | 300 | 25.6 | E glass filament 253 | 1.79 [ 0.820 | 1.69 [0.8222| 1.13 | 1.32 | 3.36
Watanable ef al., 1997 | 100 | 200 | 302 | Armid sheets 90.6 | 2.52 | 0913 | 346 | 0999 | 044 | 051 | 22
Xiao and Wu 2000 | 152 | 305 | 552 | Carbon sheets | 1577 | 105.0 | 1.79 | 0.798 | 2.89 |0.9582| 0.63 | 029 | 1.46
Xiao and Wu 2000 | 152 | 305 | 43.8 | Carbon sheets | 1577 | 105.0 | 2.16 | 0.878 | 2.70 |0.9223| 0.77 | 0.36 | 1.74
Xiao and Wu 2000 | 152 | 305 | 33.7 | Carbon sheets | 1577 | 105.0 | 2.29 | 0.934 | 2.47 |0.9399| 0.90 | 047 | 2.06
Zhang ef al., 2000 | 150 | 300 | 34.3 | Carbon sheets 64.0 | 2.35 | 0.899 | 3.39 |1.0000| 0.75 | 023 | 1.51
B 71.6 | 230 | 0.85 | 2.40 | 0.93 | 1.00
¥ZFA} 37.05(0.333 | 0.10 | 0.569 | 0.08 | 0.289
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E 3. FRP EMAI E,,,>200(GPa) @ 7% 232|E9| M3z

Restrained condition Unrestrained condition
Source of date (m(:n) (ml;n) (I\J;IC;’Oa ) Fiber type (I{f{lf’];) (E}FPR;I:) k; R? ky R? a |filttolfeelfco
Harmo'}%’;‘;?'am’ry 51 | 105 | 41.0 | Carbon sheets | 3500 | 235.0 | 2.26 [ 0.927 | 1.86 |0.9969| 1.65 | 1.09 | 3.67
Matthysetal. 1999° | 150 | 300 | 34.9 | Carbon sheets 3100 | 1.73 0982 | 2.00 [1.0000] 097 | 0.11 | 1.19
Miyauchi ef al., 1997 | 100 | 200 | 51.9 | Carbon sheets | 3481 | 230.5 | 3.32 | 0.982 | 3.80 [1.0000| 0.88 | 023 | 1.74
Miyauchi et al., 1997 | 150 | 300 | 45.2 | Carbon sheets | 3481 | 230.5 | 3.21 | 0.977 | 3.75 |1.0000| 0.90 | 0.17 1.54
Miyauchi ef al.,, 1997 | 100 | 200 | 33.7 | Carbon sheets | 3481 | 230.5 | 3.49 | 0.879 | 2.65 |0.9984| 145 | 045 | 265
Miyauchi et al., 1997 | 150 | 300 | 31.2 | Carbon sheets | 3481 | 230.5 | 3.43 | 0.951 | 2.85 |1.0000| 1.22 | 0.33 2.15
Miyauchi ef al.,, 1999 | 100 | 200 | 33.7 | Carbon sheets | 3481 | 230.5 | 3.49 | 0.879 | 2.65 |0.9984| 145 | 045 | 265
Miyauchi et al., 1999 | 100 | 200 | 26.3 | Carbon sheets | 3481 | 230.5 | 2.71 | 0.937 | 2.24 |0.9888| 1.32 | 0.58 2.62
Miyauchi ef al., 1999 | 150 | 300 | 23.6 | Carbon sheets | 3481 | 230.5 | 2.64 | 0.998 | 2.72 [0.9992| 096 | 043 | 2.14
Saafi et al., 1999 152 | 435 | 35.0 |Carbon filament 390.7 | 248 | 0.878 | 1.92 109986 | 1.32 0.4 2.09
Watanable ef al., 1997 | 100 | 200 | 30.2 | Carbon sheets 418.1 | 2.11 | 0952 | 1.93 [0.9649| 1.15 | 0.55 | 220
it 269.7 | 2.81 0.94 2.58 0.99 | 1.206
xR 67.58 | 0592 | 0.04 | 0.661 | 0.01 | 0245
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